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Abstract

Nowadays, day to day activities of human beings is highly dependent on the information
distributed in every part of the world. One major source of the information, which is the
collection of related data, is the database. To extract the information from the database, it is
required to formulate a structured query language which is understood by the database
engine. The SQL query is not known by everyone in the world as it requires studying and
remembering its syntax and semantics. Only professionals who study the SQL can formulate
the query to access the database. On the other hand, human beings communicate with each
other using natural language. It would be easier to access the content of the database using
that natural language which in turn contributes to the field of natural language interface to
the database. Since in many private and public organizations, peoples are performing day to
day activities in Amharic language and many of them are not skilled in formulating
structured query language, it would be better if there is a mechanism by which the users can
directly extract information from the database using the Amharic language.

This research accepts questions that are written in Amharic natural language and converts to
its equivalent structured query language. A dataset which consists of an input word that is
tagged with the appropriate output variable is prepared. Features which represent the
Ambharic questions are identified and given to the classifier for training purpose. Stemmer,
Morphological analyzer, and pre-processor prepare the input question in the format required
by the classifier. To identify appropriate query elements, Query Element Identifier uses the
dictionary which is prepared by applying the concept of semantic free grammar. The query
constructor constructs the required SQL query using these identified query elements. A
prototype called Amharic Database querying system is developed to demonstrate the idea
raised by this research. Testers from different departments having different mother tongue

language test the performance of the system.

Keywords: Natural language interface to the database, Stemmer, Morphological analyzer,

pre-processor, Query Element Identifier, Semantic free grammar, Query constructor
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Chapter One: Introduction
This chapter deals with the introduction of the natural language interface to database. The
situations or reasons that motivate the Authors to write this Master’s thesis will come next.
Also, the gaps that this Master’s research is going to fill, and the objective will be described.
An overview of the methodology will be presented. The scope and limitation of the research
and finally the application of the result will be described in sequence.

1.1 Background

Nowadays, day to day activities of human beings is highly dependent on the information
distributed in every part of the world. Users are searching for information from various
sources. One of the major sources of information that every application dependant on is the
database. A database is a collection of related data. The data represents known facts which
have an implicit meaning [1]. Thus, every database is a collection of coherent (related) data
that represents certain aspects of the real world. It is designed, built, and populated to

address a specific situation in the real world.

To get information from the database, knowledge of database languages is required. The
languages can be Procedural or Structural query language. A procedural query language is
consisting of a set of operations that take one or two relations as input and produce a new
relation as an output. Relational Algebra can be taken as an example of Procedural language.
The algebra operations enable a user to retrieve a specific request on a relational model. The
operations that produce a new relationship can be further manipulated using operations of
the relational algebra. The sequence of the relational algebra that produces new relation

forms a relational algebra expression [1].

On the other hand, SQL is a query language that is standardized by the American national
standard institute for most commercial relational database management system. The Users
execute queries they are also called SQL statements to pull or modify the requested
information from the database. SQL supports data definition and data manipulation
language.

The data definition language is consisting of the structured query language that can be used
to define the database schema. It is used to create and modify the structure of the database

object in the database. This includes queries like create, drop, alter, truncate, etc. The data
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manipulation language is the SQL command that deals with the manipulation of data present
in the database and this includes most of the SQL statements. It is used to access, modify, or
retrieve the data from the database. An example of a DML query includes select, update, and
delete.

The natural language also called human language is a language used by humans naturally to
communicate with each other. It is expressed as a text by the alphabet or letters of the
human language. Natural language interface to the database is a system that allows the user
to access information stored in a database by typing requests expressed in some natural
language (e.g. English, Amharic) [2]. If users want to access information from the database,
they are required to know structured query language/SQL queries, and they are required to
know the physical structure of the database. The natural language interface to the database
minimizes these difficulties and enables the users to extract information from the databases

using natural languages.

In recent times, there are rising demands for non-expert users to query a relational database
in more natural languages. An advancement of Natural language Interface to the database
which is an important step towards the development of an intelligent database attracts the
attention of many researchers. Many types of research [3] have been done on Natural
language interfaces to the database for different natural languages and satisfactory results

have been achieved.

1.2 Motivation
The authors were motivated to write this Master’s proposal because the problem currently
exists in Ethiopia which has more than 100 million populations [5]. In Ethiopia, many

people speak the Amharic language and perform the daily activities using this language.

The need for the Amharic language for this Master’s research is because the Amharic
language is a working language of the federal government of Ethiopia and many people in
private and public organizations are using this language to perform many tasks in the office.
Additionally, there is a growing demand for developing applications using the Amharic
language interface. Many applications have been developed in Ethiopia whose front and

back ends involve Amharic content.



In many private and public organizations, many peoples do not know how to formulate SQL
to directly access the database. Many organizations are automating their manual work and
several databases have been designed with Amharic content. Lots of information might be
asked using Amharic questions. One of such questions written in the Amharic language that
might be raised by the naive users could be “0Af7474 P0é- had @O PADT h&tS LI°H
A4g"/ baasyanadanadu yasara kafalo wasata yalawano kéfatdga damozo asaydgs > which

can be translated as for each department, give me the highest salary.

In many private and public organizations, people are performing day to day activities in
Ambharic language and many of them are not skilled in formulating structured query
language. Thus it would be better if there is a mechanism by which the users can directly
extract information from the database using the Amharic language. Thus, the authors were
motivated to provide a better alternative so that the person who knows only Amharic natural

language can access the database.

1.3 Statement of the problem

Despite its Importance, writing structured query language creates an additional burden on
non-English speakers to fetch some information directly from the database. In the first place,
knowing the English language is advantageous to learn SQL itself. This is because the SQL
syntax itself is developed using English language characters. Secondly, the users have to
study the syntax and semantics of structured query language to write efficient queries.
Additionally, they are required to know the physical structure and construction of the
database. This might not be enough to become an expert on the database. It may need more

understanding and practice through various exercises.

Many researchers have studied and applied various techniques to minimize the above steps.
The researchers [5, 6, 7, 8, 9, 10] have developed a system that converts relevant questions
written in English Natural language into structured query language. Some of them used rule-
based techniques and some other used machine learning to model the system. Other
researchers [11, 12, 13, 14] applied the same concept to different languages other than
English. Since the analysis and conversion process is language-dependent for different
languages, it is impossible to equivalently implement those methods on the Amharic

Language.



Accordingly, Tihitina Petros [15] has studied on Amharic language interface to the database
and satisfactory result has been achieved. The research uses a set of rules to convert the
Ambharic statements into corresponding English SQL. The system accepts simple relevant
Ambharic statements and converts into structured query language. However, the research was
limited to use a certain set of rules which restrict the users only to input pre-defined words.
When the users want to use the system, first they have to select the database that they want
to extract information from it. Then, they have to use the table names and attributes defined
in that list. The users are involved in the selection of the table names, attributes, and
conditions. Additionally, it only considered simple select query of Data Manipulation
Languages (DML) queries and other DML queries like delete, update, complex queries

which involve like group by, Order by, aggregate function, and so on are not considered.

As compared to other languages, the Natural language interface to the database for the
Ambharic language lags behind other languages. In other languages, the Natural language
interface to the database has been developed by many researchers using various techniques
and a good result has been achieved [8, 9, 10]. In Amharic language Interface to the
database, up to the Authors’ best knowledge, very few researches [15] have been done so
far. Thus this research aims to fill the gaps observed in the above researches [15] in such a
way that the users can express the questions using free Amharic text. The system will take
care of identifying the table names, attributes, and relationships from the Amharic questions
itself. Other types of queries that are not covered in the previous work will also be
considered in this research. The research is specifically designed for converting questions
written in the Amharic language to its equivalent SQL query using Machine learning. The
benefit from this proposal is not only used for naive users but it can also be extended for
other technical users. This is because it is easy to handle negation, quantification type of
questions, and some complex ideas using natural languages than structured query languages
[12].



1.4 Objective

General Objective
The general objective of this Master’s research is to develop an Amharic Natural language

interface for accessing databases.

Specific Objectives
Thus the specific objective of this Master’s research is to

e Review related works on Natural language interface to the database, artificial
intelligence, human-computer interaction

e Collect Amharic relevant questions which has a connection with the database

¢ Design a system architecture

e Develop algorithms that will convert relevant Amharic statements into SQL

e Develop a prototype

e Test the performance of the system

1.5 Methodology

Since this Master’s research emphasizes systematic, testable, and communicable methods,
the research will be carried out following the design science research principle. Design
Science Research creates and evaluates IT artefacts intended to solve the identified

organizational problems [16].

Literature Review

For the effective development of this Master’s research, a review of related work that has
been done on the Natural language interface to the database by other researchers is very
essential. Thus, review of related work will be carried out first for both Amharic and other

languages.



Data collection

Ambharic relevant questions from Amharic speakers and books will be collected and

analyzed to train the classifier.

Prototype Development

For the demonstration of this Master’s research, a prototype will be developed using suitable
programming language. Appropriate Machine learning algorithm will be selected to train the

classifier.

Evaluation

After the prototype development, the prototype will be tested by both naive and IT users.
The result generated by the system will be compared with the expected output produced by
the normal SQL query. Its performance will be expressed in terms of accuracy. From the

evaluation, the result and discussion will be presented.

1.6 Scope and Limitation

This Master’s research is only prepared to convert Amharic written questions into structured
query language by accepting Amharic text as input. Other languages are behind the scope of
this research. The DDL queries, Joins, and sub queries are not handled in the research. The
research will not make an Analysis of the values that are stored in the table. The users are
expected to write a complete sentence that has a complete meaning. Spelling checking is

also out of the scope of the research.

1.7 Application of the result

The result from this Master’s research will allow many naive users to easily extract
information from the database using Amharic natural language without the help of any other
supplementary resource. The naive users don’t need to know the English language, the
structured query language, and the physical structure of the database. The only thing that

they require for this research is the Amharic natural language.

Equivalently the research also helps other educated users to access the database using
natural language. Sometimes it is very difficult to remember and memorize all syntax of the

structured query language. Additionally, even if you are familiar with SQL, some queries
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are somehow complex to write it. The users know what they want to extract from the
database, but expressing those ideas in SQL might be difficult. This research will avoid
these difficulties and makes communication with the database to be more convenient and

easy.

This research can also serve as an interface for other NLP applications so that they can
automatically access the database using Amharic natural languages without knowing the

internal structure of the database.

1.8 Organization of the Rest of the Thesis

The remaining part of the thesis is organized in such a way to include the literature review,
related works, Design and implementation, Experiment, and finally conclusion and
recommendation. The background knowledge that is required for a better understanding of
the natural language interface to the database will be presented in the literature review. The
related work will discuss a survey of scholarly sources that are related to Accessing database
contents using different natural languages. The algorithm and any design-related issues that
are used for the prototype development will be presented in the Design and implementation.
The experiment that has been conducted to test the performance of the thesis will be
discussed in the experiment. Finally, the summary and future works will be the last chapter
of this thesis.



Chapter Two: Literature Review
In this chapter, a survey of scholarly sources that are related to Database accessing using
Ambharic natural language will be presented. These sources include books, published and
unpublished researches, journals, manuals, documents taken from the internet, surveys.
These provide an overview of current knowledge; identify relevant theories, methods, and
gaps in the existing research [17].

2.1 Natural Language Interface to the Database

As the name implies, the natural language interface to the database has three major
components that are integrated. These are the database, the natural language, and finally
their interface. A database is a collection of related data. By data, we mean known facts that
can be recorded and that have implicit meaning [1]. This database comes into use by the
database management system. The database management system is the software that can be
used to manage this interrelated data by storing in the databases and retrieving it from the
database. Thus Database management system is a collection of interrelated data and a set of
programs that are used to access these data. The database management system is designed to

manage and maintain large bodies of information [18].

The second component is the natural language which is a language that has developed
naturally in use as contrasted with an artificial language. It is evolved naturally in humans
through use and repetition without conscious planning or remediation. To use this natural
language systematically, the processing concept comes next. Thus Natural language
processing is an integral area of computer science in which machine learning and
computational linguistics are broadly used. The main objective of this natural language
processing is to make computers understand, interpret, and manipulate human language. The
task that is performed by the natural language processing is to take chunks of information as
input in the form of voice or text or both and manipulate them as per the algorithm inside the
computer. This field is mainly concerned with making the human and computer interaction

easy but efficient [19].

The last component is the interface that exists between the natural language and the database

which enables accessing information from the database using the natural language. The



purpose of natural language interfaces is to allow users to compose questions in natural
language and to receive responses under the form of tables or short answers [20]. The
database system is designed in such a way that its content is stored in a structured manner
and its content is accessed using artificial languages. The natural language is spoken
naturally. There is no way of accessing the content of the database directly using this natural
language. Thus the interface is needed to fill this gap. The above all three components are

integrated and lead to a natural language interface to the database.

The main reason that NLIDB required is to directly access the content of the database using
the natural language. This is because to access the information stored in the database,
knowledge of Structured Query Language is needed. Only those users who know SQL
languages can access the data or information. An end-user normally doesn’t know SQL [18,
21, 22]. In the NLIDB, the users naturally write the questions, the NLIDB understands the
question, accesses the content of the database, and returns the response to the users.

2.1.1 History of Natural language Interface to the Database

The history of the Natural language Interface to the database was begun in 1961 when
Baseball was invented [23]. Baseball is a computer program that answers questions phrased
in ordinary English about stored data. The program reads the question from punched cards.
It was implemented to answer questions about baseball games which were played in the
American League during one season. The data that is stored in the Baseball are the month,

day, place, teams, and scores for each game in the American League for one year.

The next NLIDB application is Lunar which was developed in 1972 to allow lunar scientists
to ask questions, compute averages and ratios, and make selective listings based on
information in a chemical analysis table [24]. The lunar scientist’s natural language
information system is a prototype computer system that allows English language access to a
large database of lunar sample information. It uses two database files; one is a 13,000 line
table of chemical and age analysis of the Apollo 11, and the second, the key phase index to

those reports. Apollo 11 was the spaceflight that first landed humans on the Moon.

In 1975, the next NLIDB application called Planes was developed as a prototype to access

the information from a large database of aircraft flight and maintenance. The model was



presented for processing English request for information from a relational database [25]. The
database is comprised of detailed flight and maintenance data and data summaries. It is
organized by month, aircraft, and type of data (scheduled maintenance, unscheduled
maintenance, flights).

The NLIDB application called LADDER [26] was developed in 1978. It was developed to
make large, distributed databases directly available to decision-makers. The user provides a
question about the information base in English; LADDER applies all the necessary
information concerning the vocabulary and syntax of the question, the names of specific
fields, how they are formatted, how they are structured into files, and even where the files
are physically located, to provide an answer. It consists of three major components that
provide levels of buffering of the user from the underlying DBMSs. The first component,
INLAND, accepts questions in a restricted subset of natural language. The second
component, IDA breaks down a query against the entire very large database into a sequence
of queries against individual files. The third component, called FAM relies on a locally

stored model showing where files are located throughout the disk.

Consequently, several NLIDB based research has been conducted with different approaches
and efficiencies. Especially in the mid of 1980s, Natural language interface to the database
had become a very popular research area, and numerous research prototypes were
implemented [18]. The CHAT-8 [27] provides a strategy for planning a query so that it can
be efficiently executed by the elementary deductive mechanism which was developed using
Prolog programming language. Dialogic [28] parses English sentences and translates them
into logical forms. Diagram [29] is a grammar used in an artificial intelligence system for
interpreting dialogue. TELI [30] which is an English-Language Interface that answers
English questions about tabular (first normal-form) data files and runs on a Symbolic Lisp
Machine. Janus [31] is a natural language interface that translates intentional logic
expressions representing the meaning of a request into executable code for each application
program. These all are research prototypes that are developed in the mid of 1980s.

Coming to some of the recent NLIDB applications [32], NALIX which is a generic
interactive natural language query interface to an XML database was developed in 2006.

The application accepts an arbitrary English language sentence as query input then the query
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is translated into an XQuery expression that can be evaluated against an XML database after
reformulation. The application used an off-the-shelf natural language parser and
interactively guides the user to pose queries that the system can understand by providing
meaningful feedback and helpful rephrasing suggestions. Three main steps which are Parse
Tree Classification, Parse tree Validation, Parse tree translation are involved in the

translation of natural language queries into corresponding XQuery expressions [33].

The PRECISE [34] is another recent NLIDB application which uses a statistical parser as a
“plugin”. The application targets the database in the form of a relational database using SQL
as the query language. PRECISE takes a lexicon and a parser as input. Then, given an
English question, PRECISE maps it to one (or more) corresponding SQL queries. The
WASP [35] is also another recent NLIDB application. It uses a statistical approach to
semantic parsing for constructing a complete, formal meaning representation of a sentence.
The semantic parser was learned by a set of sentences annotated with a correct formal query

language.

2.1.2 Components of NLIDB

Many of the computing scientists divide the component of natural language interface to the
databases into Linguistic and Database components [21]. The linguistic component is
responsible to translate the natural language into a formal query and then to generate a
natural language response based on the result which comes from the database search. This

occurs usually at the beginning and end of the process.

The database component performs traditional Database Management functions [21]. It takes
the query translated by the linguistics component and executes the query. The natural
language generator takes the formal response as its input and inspects the parse tree to
generate adequate natural language response. Natural language database systems make use
of syntactic knowledge and knowledge about the actual database to properly relate natural
language input to the structure and contents of that database. Syntactic knowledge usually
resides in the linguistic component of the system, in particular in the syntax analyzer
whereas knowledge about the actual database resides to some extent in the semantic data

model used.

11



2.1.3 Advantages of NLIDB

The natural language interface to the database allows users to communicate with the
database using the natural language. By doing so, the NLIDB provides the following
advantages [18].

One of the advantages that NLIDB provides is the no need requirements of Artificial
Language. Since artificial languages like SQL are difficult to learn and master at least by
non-computer specialists, the NLIDB avoids the requirement to learn artificial languages.
The users are expected to use the native language to communicate with the database. This
will also remove the time that will be spent in learning a formal database query language.

The next advantage is the simplest and Easiness to use of NLIDB in the real life. The users
are not expected to remember the syntax and semantics of the formal query as they type the
query using native languages. They can express the ideas to the computer in the same way as

they express to other human beings.

NLIDB is also better for some questions. It has been argued that there is some kind of
questions (e.g. questions involving negation, or quantification) that can be easily expressed
in natural language, but that seems difficult (or at least tedious) to express using graphical or

form-based interfaces.

NLIDB also provides a fault tolerance capability. Most of NLIDB systems provide some
tolerances to minor grammatical errors, while in a computer system; most of the time, the
lexicon should be the same as defined, the syntax should correctly follow certain rules, and
any errors will cause the input automatically be rejected by the system

Additionally, NLIDB is easy to use for multiple database tables. Queries that involve
multiple database tables like “list the names of the employees whose salary is greater than
10,000 dollars”, are difficult to form in the graphical user interface as compared to the

natural language interface.
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2.1.4 Disadvantages of NLIDB

In addition to its advantages’, there are some drawbacks that the NLIDB provides. To
mention a few of them, the following are described [21]. One disadvantage of NLIDB is it
creates false Expectation. Users can be misled by an NLIDB system’s ability to process a
natural language. Sometimes they may assume that the system is intelligent. Therefore,
rather than asking precise questions from a database, they may be tempted to ask questions
that involve complex ideas, certain judgments, reasoning capabilities, etc., which an NLIDB
system cannot be relied upon.

Conceptual failures are also another disadvantage of NLIDB. The NLIDB accepts the user
question and generates the output back to the user based on the query transformed from the
user. The query is transformed based on the logic that the NLIDB understands the question.
The output might not be conceptually correct. It is often the case that the system does not
provide any explanation of what causes the system to fail conceptually.

2.1.5 Approaches of NLIDB

Since the NLIDB is a hot research area that attracts the intension of many researchers due to
the implicit ambiguity that language possesses [20], various results with various approaches
are achieved by different researchers. In this section techniques used by the different
researchers will be described. The first approach that is used by the NLIDB is a Symbolic
Approach; it is also called a rule-based approach. Among the approaches of NLIDB, the
natural language interface to the database has been dominated by the symbolic approach for
several decades [36]. This is because the natural languages itself are expressed with words
which are symbols that stand for the objects and concepts in the real world. In this approach,
language knowledge is explicitly encoded in rules or other forms of representation [20, 34].

The NLIDB tries to capture the meaning of the language based on these rules.

The approach to query analysis is based on the development and extension of the existing
rules so that the NLIDB doesn’t require a massive training corpus. To prepare hand-crafted
rules, the rule-based approach requires skilled experts. The linguist or knowledge engineers
are required to manually encode each rule of the NLIDB.
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The next approach is the Empirical approach it is also called the corpus-based approach.
Empirical approaches are based on statistical analysis as well as other data-driven analyses,
of raw data which is in the form of text corpora [21]. A corpus is a collection of machine-
readable text. In this approach, the corpora are annotated to study several linguistics
phenomena. The approach has been around since NLP began in the early 1950s. By
collecting such a corpus and computing the appropriate statistics, corpus-based
representation offers an alternative to traditional knowledge representation for a broad class

of applications.

Several researchers in corpus-based computational linguistics believe that the size of
available annotated corpora is the current limiting factor in creating accurate corpus trained
natural language processing system [37]. If this is the case, the cycle of automatically
annotating a corpus, manually correcting it, and retraining the automatic annotator on the

larger corpus could provide a fast mechanism for providing very large annotated corpora.

The last approach is called the connectionist approach which is carried using a neural
network. The connectionist approaches to NLIDB make use of large networks of simple
computational units that communicate utilizing simple quantitative signals. It uses
interconnected simple processors called neurons to form a simplified model of the structures
in the biological nervous system. Since human language capabilities are based on neural
networks in the brain, Artificial Neural Networks (also called connectionist network)

provides an essential starting point for modeling language processing [20].

Neural network approaches are essentially an extension of the empirical methods which
involve a mathematically based assessment of complex inter-relationships within the system.
In this approach, instead of symbols, the approach is based on distributed representations

that correspond to statistical regularities in language

2.1.6 Techniques used in NLIDB

In the selected approach as described in the above section, the researchers used appropriate
techniques to develop the natural language interface to the database. One of the techniques
that are used in NLIDB is called pattern matching. The pattern matching is an algorithmic

task that finds pre-determined patterns among sequences of raw data or processed tokens. In
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contrast to pattern recognition, this task can only make exactly matched from an existing
database and won’t discover new patterns. In these techniques, a perceived sequence of
tokens is checked for the presence of the constituents of some pattern. The patterns generally
have the form of either sequences or tree structures. Many NLIDBs was based on pattern-
matching techniques to answer the user’s questions. As an example, consider the Table 2.1

which shows a sample database table [18].

Table 2.1 Sample database

Countries table

Country Capital Language
France Paris French
Italy Rome Italian
India Delhi Hindi

A primitive pattern-matching system might use the following rules as

Pattern: .... “Capital” .... <Country>
Action: Report Capital and Country of a row where Country=<Country>
Pattern: .... “Capital” .... <Country>
Action: Report Capital and Country of a row where Country=<Country> of each row

Then if the user asked a question like “What is the capital city of France?” the system will
report “Paris” using the first pattern rule. The same rule can be applied to answer questions,
“kindly show me the capital city of France?”, “give me the Capital of France?”, “Could you

please show me the capital of France?” etc.

The main advantage of the pattern-matching approach is its simplicity i.e. no elaborate
parsing and interpretation modules are needed, and the systems are easy to implement [39].
Also, pattern-matching systems often manage to come up with some reasonable answer,

even if the input is out of the range of sentences the patterns were designed to handle.
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The second technique is called Syntax-base. The syntax is the study of the principles and
processes by which sentences are constructed. It also refers to the rules and principles that
govern the construction of a given sentence. In syntax-based systems, the user’s question is
parsed (i.e. analyzed syntactically) and the resulting parse tree is directly mapped to
expression in some database query language. Syntax-based NLIDBs usually interface to
application-specific database systems that provide database query languages, carefully

designed to facilitate the mapping from the parse tree to the database query [18].

The main advantage of using syntax-based approaches is that they provide detailed
information about the structure of a sentence. A parse tree contains a lot of information
about the sentence structure; starting from a single word and its part of speech, how words
can be grouped to form a phrase, how phrases can be grouped to form more complex phrases
until a complete sentence is built. Having this information, the semantic meanings to certain

production rules (or nodes in a parse tree) can be mapped.

The third technique that the NLIDB uses is the semantic grammar-based technique.
Semantic analysis is the process of relating syntactic structures, from the levels of phrases,
clauses, sentences, and paragraphs to the level of the writing as a whole, to their language-
independent meanings. The basic idea of a semantic grammar system is to simplify the parse
tree as much as possible, by removing unnecessary nodes or combining some nodes. Instead
of smaller structures, the semantic grammar approach also provides a special way for
assigning a name to a certain node in the tree, thus resulting in less ambiguity compared to

the syntax-based techniques [21].

The semantic grammar characterizes the statements in terms of the concepts as opposed to
the traditional syntactic structure. The language can be described by a set of grammar rules
which can characterize each concept or relationship. As an example, consider concepts of
measurements [38]. The concept of measurement requires a quantity to be measured and
something to measure for the quantity like ‘20 students’. If a concept of measurement is
applied in other situations, at least these two things are present. In Electrical Environment as
an example, a measurement is typically expressed by giving the quantity followed by a
preposition followed by the thing that specifies where to measure as “voltage across C2”,

“current through R1”. These phrasing can be captured by the grammar rule as
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<Measurement>: =< measurable/quantity> <preposition> <part>

This concept of measurement can be used in other sentences as one part of the sentence as

“what is the voltage across C2”, “Is the current through transistor R1 equals 2A”.

Semantic grammars have two advantages over traditional syntactic grammars. They allow
semantic constraints to be used to make predictions during the parsing process, and they
provide a useful characterization of those sentences which the system should try to handle
[38]. The main drawback of the semantic grammar approach is that it requires some prior-
knowledge of the elements in the domain, therefore making it difficult to port to other

domains.

The last technique is known as Intermediate Representation Language. It is very difficult to
directly translate a sentence parsed by syntax-based techniques into general query language.
Thus Intermediate representation of a language that maps the sentence into a logical query
language is needed. The intermediate logical query expresses the meaning of the user’s
question in terms of high-level world concepts, which are independent of the database
structure. The logical query is then translated to an expression in the database’s query
language, and evaluated against the database [21]. Figure 2.1 shows the possible architecture

of the Intermediate representation system.

Figure 2.1 Intermediate Representation Language
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In the intermediate representation language approach, the system can be divided into two
parts. One part starts from a sentence up to the generation of a logical query. The other part
starts from a logical query until the generation of a database query. In part one, the use of
logic query languages makes it possible to add reasoning capabilities to the system by

embedding the reasoning part inside a logic statement [21].

2.2 Decision Tree Classifier

2.2.1 Introduction

One of the approaches that are used in the natural language interface to the database is a
machine learning approach. It uses an algorithm that learns from the training dataset and
predicts the output variable. As the length of the training data increases; its predicting
capability will also increase [39]. The main advantage of the machine learning approach is
its flexibility, adaptability, and easy maintainability. Handcrafting rules are not required to

maintain and adapt to a new environment when something has changed.

One of the classifier algorithms that are used in the machine learning approach is the
Decision tree classifier. A decision tree is a classifier expressed as a recursive partition of
the instance space. The decision tree consists of nodes that form a rooted tree called “root”
that has no incoming edges. All other nodes have exactly one incoming edge. A node with
outgoing edges is called an internal or test node. All other nodes are called leaves also
known as terminal or decision nodes. In a decision tree, each internal node splits the instance
space into two or more sub-spaces according to a certain discrete function of the input
attributes values [40].

Each leaf is assigned to one class representing the most appropriate target value.
Alternatively, the leaf may hold a probability vector indicating the probability of the target
attribute that has a certain value. Instances are classified by navigating them from the root of
the tree down to a leaf, according to the outcome of the tests along the path. Figure 2.2
shows an example of a decision tree that predicts whether a given creature is a Mammal or
Non-Mammal.

Decision tree induction is closely related to rule induction. Each path from the root of a
decision tree to one of its leaves can be transformed into a rule simply by conjoining the

tests along the path to form the antecedent part and taking the leaf’s class prediction as the
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class value. For example, one of the paths in Figure 2.2 can be transformed into the rule: “If
the body temperature of a creature is warm, and if it gives Birth, then the creature is

Mammal”.

Eody
emperature ..., ROOL
node

Internal Warm Cold
node

i e -
/{"jn.rps Birth

MNon-

\ //' mammals
it
Leaf
Mainimals Non- nodes
mammals

Figure 2.2 Decision Tree for the mammal classification problem

A classification technique (or Classifier) is a systematic approach to building classification
models from an input data set. The decision tree classifier employs a learning algorithm to
identify a model that best fits the relationship between the attribute set and the class label of
the input data. The model generated by a learning algorithm should both fit the input data
well and correctly predict the class labels of records it has never seen before. Therefore, a
key objective of the learning algorithm is to build models with good generalization

capability; i.e. the models that accurately predict the class labels of unknown records [41].

The general approach for solving a classification problem is shown in Figure 2.3. As you
can see, the training data set which consisting of records whose class labels are known must
be provided in the first place. The training set is used to build the classification model,
which is subsequently applied to the test set, which consists of records with unknown class

labels.

A classification model can be treated as a black box that automatically assigns a class label
when presented with the attribute sets of an unknown record. Classification techniques are

19



most suited for predicting or describing a data set with binary or nominal categories. They

are less effective for ordinal categories.
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Figure 2.3 General approach for building a classification model

2.2.2 How Decision tree built

Decision tree inducers are algorithms that automatically construct a decision tree from a
given dataset. In principle, there are exponentially many decision trees that can be
constructed from a given set of attributes. Typically, the goal is to find the optimal decision
tree by minimizing the generalization error. Efficient algorithms have been developed to
induce a reasonably accurate, suboptimal decision tree in a reasonable amount of time.
These algorithms usually employ a greedy strategy that grows a decision tree by making a
series of locally optimum decisions about which attribute to use for partitioning the data.
One such algorithm is Hunt’s algorithm, which is the basis of much existing decision tree
classifier algorithm including ID3, C4.5, and CART [41].

In hunt’s algorithm, a decision tree is grown recursively by partitioning the training records
into successive subsets. Let Dy be the set of training records that are associated with node t
and y= {yi1, ya, ..., Yy} be the class labels. The following is a recursive definition of Hunt’s

algorithm.
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Step 1: If all records in Dt belongs to the same class y;, then t is a leaf node labeled as y:

Step 2: if Dy contains a record that belongs more than one class, an attribute test condition is
selected to partition the records into a smaller subset. A child node is created for each
outcome of the test conditions and the records in Dy are distributed to the children based on

the outcome. The algorithm is recursively applied to each child node.

A learning algorithm for inducing decision trees must address the splitting of the training
records and the endpoint that stops the splitting procedure. A decision tree induction
algorithm needed to provide a method for expressing attribute test conditions and its
corresponding outcome for different attribute types. The common test conditions are Binary

attributes, Nominal attributes, Ordinal attributes, and continuous attributes.

Many measures can be used to determine the best way to split the records. These measures
are defined in terms of the class distribution of the records before and after splitting. Let
p(ilt) denotes the fraction of records belonging to class | at a given node t. The measures
developed for selecting the best split are often based on the degree of impurity of the child
nodes. The smaller the degree of the impurity, the more skewed the class distribution. For
example, a node with a class distribution (0, 1) has zero impurity, whereas a node with a

uniform class distribution (0.5, 0.5) has the highest impurity.

Some example of impurity measures includes Entropy, Gini, and classification error as

shown in formula 2.1, 2.2, and 2.3. Where ¢ represents the number of classes

Entropy (t) = - ' p(ilt)1og2 p(ift)----r---mmrmremrmmemeen- - -(2.1)
Gini (1) =1- 5 [P(i[£)]? -emrememremremememe e 2.2)
Classification Error (t) =1- miax[p(i|t)]---- ......................... (2.3)

One advantage of the Decision tree classifiers is they are self—explanatory and when
compacted they are also easy to follow. In other words, if the decision tree has a reasonable
number of leaves, it can be grasped by non—professional users. Furthermore, decision trees

can be converted to a set of rules. Thus, this representation is considered as comprehensible.
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The next advantage is that it can handle both nominal and numeric input attributes. Its
representation is rich enough to represent any discrete— value classifier. Decision trees are
capable of handling datasets that may have errors, missing values. It is considered to be a
nonparametric method as the decision trees have no assumptions about the spatial

distribution and the classifier structure [40].

On the other hand, the disadvantage of the decision trees is that since they use the “divide
and conquer” method, they tend to perform well if a few highly relevant attributes exist, but
less so if many complex interactions are present. One of the reasons for this is that other
classifiers can compactly describe a classifier that would be very challenging to represent
using a decision tree. Its greedy characteristic makes the decision tree to be over-sensitive to

the training set, to irrelevant attributes, and noise.

2.3 Amharic Language Structure

2.3.1 Ethiopic Script

Ethiopia is one of the oldest countries which have their alphabet that has evolved through
many forms over centuries. Ethiopia has 83 different languages with up to 200 different
dialects spoken [43]. The Ethiopic script is a general term coined for Ethiopian Semitic
languages, such as Amharic, Geez, Tigrigna, Guragegna, etc, and the script has been used in
the country as a unique writing system since the fifth century. Amharic remained the
working language of the federal government of Ethiopia and the language grew as the

second most spoken Semitic language in the world next to Arabic [42].

The Amharic writing system is consisting of a standardized set of Ethiopic alphabet called
feddel. It is written in tabular form with rows and columns. There are 33 basic rows and 7
basic columns apart from some derived letters. The seven columns represent the vocal
sounds of characters in the order of &, u, i, a, e, 2, and o0 which stands for the first, second,
third, fourth, fifth, sixth, and seventh character [42].
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Figure 2. 4 Some of Ethiopic script
The first column in each row (& sound) represents basic characters and other columns (u, i,
a,e, 2,0 sounds) show modified characters. Thus, the Ethiopic script is a writing system in
which vowel sounds (modifiers) are denoted by diacritical marks or other systematic

modification of the basic characters.

2.3.2 Amharic Word Class

A word class is a set of words that display the same formal properties, especially their
inflections and distribution. The term word class is similar to the part of speech. Sometimes
they are also called grammatical category, lexical category, and syntactic category [44]. All

words of The Amharic language belong to this word class.

Regarding the number of word class in the Amharic language, two ideas are raised, some
researchers categorize Amharic word class into eight and some researchers categorize
Ambharic word class into 5 word-classes [45, 46, 47, 48]. Since this Master’s research
doesn’t want to go deep into parts of word classes, it uses the second option so that the word

classes are Noun, Verb, Adjective, Adverb, and Preposition.

The Amharic Nouns are words used to name or identify a class of things, people, places,
ideas, etc. or any subset (member) of these classes. The Amharic noun can be formed in two
ways, either Primitive or Derived [45]. If the Amharic noun exists in its original form like

(masa, lunch), the Amharic nouns are called primitive. On the other hand, if they originated
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or derived from other categories specially Nouns, Verbs and they are formed in various
ways either by contraction (e.g. lama, a cow from lahome) or by change (e.g. kadusa, holy
from k&dasa) or augmentation of their letters (e.g. tdnagari, the speaker from tanagara and
ladata, birth from wéalada), they are called derived Amharic Nouns.

Considering the termination of Amharic Nouns, they can end in any of the seven sounds
except the first [49]. Examples include kofu, bad when they end with second, gabi, inside
whey they end with a third sound, Leba, thief when they end with the forth sound, zomare,
song when they end with a fifth sound, lama, cow why they end with a sixth sound, Doro,
hen when they end with seventh sound.

The Amharic Verbs are those words that usually come at the end of a complete grammatical
declarative sentence and used express the action that the sentence does. In Amharic verb, the
third Muscular single of the preterits in the simple forms of the verb (e.g. kdbéara, he buried)
is considered to be the origin of all the other verbal forms. Amharic Verbs can be marked for

person, gender, number, case, and tense/aspect.

The Ambharic verb in general can be divided into Active and passive verbs. When the verb is
active, the subject of the sentence does the verb to the object. Consider the sentence

Kéabada anabésawana gadalawa, which can be translated as Kabada killed the lion -- (2.1)

The verb gadalaws is an active verb which indicates the subject of the sentence does the
action to the object. On the other hand, when using the passive verb, the subject of the
sentence is acted upon. Considering the sentence

anobdsaws tagadala which can be translated as the lion was killed (2.2)

In that sentence, the verb tagadala indicates that an action is acted upon the subject. In the

Amharic language usually, the passive verb is formed with Amharic character ta (7).

The Adjectives are another Amharic Word class that usually come before nouns and serve as
modifiers of nouns they precede. In the phrase, gob&za temari, which stands for the clever
student, the word gobéaza/clever is an adjective word which comes before tdmari/student and

used to provide more explanation about that student.
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The propositions are words which don’t explain a meaning unless they are attached to other
word class. A preposition can be placed around a given word class in different ways. The
preposition can appear before a given word to explain a meaning either as a single entity
(e.g. wede beta, to the house) or attached with a word (e.g. kdbeto, from house). The
preposition can also found after a word as a single entity like wénabars laya, on the chair
which indicates laya as a preposition. The final placement of preposition is before and after
a given word as indicated by the word kdwanadamu gara, with his brother. In this case, the
preposition k& appears before the word wanadomu through attachment. The next proposition

garo appears as a single entity after the word.

The Amharic Adverb words are fewer in number and used to modify the verb used in the
sentence [50]. They are mostly located before the verb to explain more about the action that
the sentence does. For the statement tolo mata, which can be translated as he came quickly,
tolo indicates how quickly the person came. So it is one of the Amharic Adverbs.

2.3.3 Amharic Phrases

An Ambharic phrase is a group of words that stands together as a single grammatical unit,
typically as part of a clause or a sentence. A phrase does not contain a subject and a verb
and, consequently, cannot convey a complete thought as a contrast from clause. It is
constructed from one or more word categories. Amharic phrases are categorized into noun
phrases (NP), verb phrase (VP), Adjectival phrase (AdjP), adverbial phrase (AdvP), and
prepositional phrase (PP) [45].

A noun phrase is a phrase that contains head (H) as a noun. An NP can be simple or
complex. The simple noun phrase consists of a single noun-like asu (he). On the other hand,
a complex noun phrase consists of a noun as a head and other words like complements,
specifiers, an adverbial and adjectival modifier that modify the head from a different aspect.
Consider the phrase ya yéatolanatu taloku yasara beta which can be translated that
vesterday’s big thatched house. In this sentence Ya(that), yatolanatu(yesterday’s),
taloku(big), yasara(thatched), beta(house) are the specifier, an adverbial modifier, adjectival

modifier, adjectival modifier, and finally a head with noun respectively.
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A verb phrase is a phrase that contains head (H) as a verb and other words like specifier,
complements, and modifier. Consider the example bamékina wadéa beta heda which can be
translated as he went to house by car. In this sentence bamékina(by car), wada bets (to the
house)are prepositions that modify the verb hedd (went) which is the head of the phrase.

Thus this sentence is taken as an example of a Verb phrase.

The Adjectival phrase is a phrase that contains head (H) as an adjective and other word like
complement, specifier, and modifier. Consider the phrase yaci bdtama konajo that can be
translated as that very beautiful. In this sentence yaci(that), bdtama(very) are the specifier,
modifier respectively that specifies and modifies the adjective konajo(beautiful) which is the

head of the phrase. Thus this sentence is taken as an example of an Adjectival phrase.

The prepositional phrase is a phrase that contains head (H) as a preposition and other words
like noun, noun phrase, verb, and verb phrase. Consider the example, anads sdwa bimadara
which can be translated as a man on the earth. In this sentence anado, ba are prepositions
that are attached to sdwa(man) and moadara(earth) respectively to form a prepositional

phrase.

The Adverbial phrase is a phrase that contains head (H) as an adverb and other words like a
verb, verb phrase. Consider the phrase kafuga tdgacu which can be translated as crashed
severely. In this sentence kafuga(severely) is an adverb which considered as the head of the

phrase to form an adverbial phrase.

2.3.4 Amharic Sentence Construction

A sentence is an aggregate of words expressing a judgment of the mind. The sentence can be
simple or complex. The very common constituent parts of every sentence are the subject,
object, and verb [49]. The subject is the principal or the reigning part of every sentence. It
also indicates the doer of the action that the sentence performs. In Amharic's sentence, the
subject might be expressed explicitly or implicitly. In the sentence, kAb&da wada beto hada,
which can be translated as Kébada goes to the house, Kabada is the subject which is
explicitly expressed before the object and the verb. In other words, for the sentence, wada
beto hada, the subject is implicitly expressed by the verb h&d&. In every sentence, the

subject precedes the object and the verb. The subject can also be expressed as a compound
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subject which consists of several nouns (e.g sémaya na madare yalofalu, Heaven and earth
shall pass away), Numerals (e.g. éndga mato sdmanaya sdwoc¢ hedu, those hundred and

eighty men have gone)

The object of a sentence is the person or the thing that receives the action of the verb. It is
the who or what that the subject does something to. In Amharic language, it is usually
located before the verb. The object in the Amharic sentence is formed by adding the
character na(?) at the end of the object when the active verb is included in the sentence. In
the statement indicated by 2.1, the object is formed by a combination of anab&sawa and na.
When the passive verb is present in the sentence, it is not required to add na when forming

an object as it is indicated by sentence 2.2.

The verb of the sentence is the action word in the sentence that indicates what the subject is
doing. Along with nouns, verbs are the main part of a sentence or phrase, telling a story
about what is taking place. In Amharic's sentence, the verb is usually located at the end of
the sentence as indicated by sentence 2.1 and 2.2. In those sentences the word gadalawo,
tagadala are the verbs of the sentence. The Amharic sentence can be classified into three
categories simple, compound, and complex [51]. In the simple sentence the items which
form the sentence are not qualified by the modifier, but when modifiers such as adjectives
are added, the sentence is termed compound. When the modification process reaches the

point where a clause is produced, the sentence is said to be complex.

In the simple sentence, the only verbal form is present and the individual items which form
the sentence are not burdened with qualifiers. The simple sentence can be constructed using
existence assertions like nawa(/@9, hona(rr?), and predications like mata («27),
wasada @n). The sentence métahafu adisa niwa that can be translated as the book is new,
is an example of a simple Amharic sentence using existence assertion. The sentence
tolanatona laju matsohafuna léne saté that can be translated as yesterday, the boy gave the
book to me is an example of a simple sentence using predication [55].

In Compound sentence, each of the items in the simple sentence; subject, object, an indirect
object may be expanded by the addition of adjectives or other modifiers. When this
expansion process takes place, the sentence is termed a compound sentence. Consider the
sentence
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anada lajo matsohafuna wasada that can be translated as one boy take the book -------- (2.3)

As you can see from sentence 2.3, the modifier anada/one modifies the noun boy, thus this
can be taken as an example of a compound Amharic sentence.

A complex sentence is one in which the expansion process has developed to the point at
which a clause is generated. A clause is a subdivision of a sentence, containing a subject and
a predicate. The complex sentence is formed either using a subordinating particle or gerund
or infinitive or relative construction [48]. Consider the example

Matsahafuna lamawasado laju méta, the boy came to take the book--------------------- (2.4)

As you can see from the sentence 2.4, two clauses connected by the infinitive 14(to) to form
a complex Amharic sentence.

2.3.5 Punctuation in Amharic

Punctuation is the use of spacing, conventional signs, and certain typographical devices as
aids to the understanding and correct reading of the written text. The Amharic language
punctuations are shown in Table 2.2

Table 2. 2 Amharic punctuation mark

No | Symbol | Description

1 |= It is an Ethiopic full stop(arata néitaba) used to indicate the end of the

sentence similar to the English full stop(.) mark

2 |: It is Ethiopic separator (hulcits niitaba) used to separate two words. It is used

interchangeably to space similar to the English separator

3 |¢ It is an Ethiopic semicolon(daraba séarézo) used to join two independent

clauses similar to English semicolon (;) mark

4 | It is an Ethiopic comma (ndtdla sdrdza) used to separate words and word
groups in a simple series of three or more items. It is the same as the English

comma(,) mark

5 |7 It is an Ethiopic question mark (tayage malakata) used to indicate question in

the sentence.
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6 | DO | Itisan Ethiopic colon used as a mark before giving a list of nouns ideas,

phrases. It is the same as English colon(:) mark

707 It is an Ethiopic quotation mark (tamoaharatd tagasa) used to indicate that is
being reproduced word for word or when someone else’s word is specified in

other writing.

2.4 Structured Query Language structure

The name SQL is derived from Structured Query Language. Originally, SQL was called
SEQUEL and was designed and implemented at IBM Research as the interface for an
experimental relational database system. SQL is now the standard language for commercial
relational DBMSs [1]. A joint effort by ANSI and 1SO has led to a standard version of SQL
(ANSI 1986) called SQL-86 or SQL. Structured Query Language is a query language that is
standardized by the American National Standards Institute for most commercial RDBMS.
To retrieve or update information users execute 'queries’ (SQL Statements) to pull or modify
the requested information from the database using criteria that are defined by the user. SQL
supports DDL and DML [52]. In this section, basic data manipulation queries i.e. select,

update, and delete will be presented.

2.4.1 Data Retrieving Queries

SQL has one basic statement for retrieving information from a database: the SELECT
statement. This query is together with other keywords to extract information from the
database. The basic form of the SELECT statement, sometimes called a mapping or a select-
from-where block, is formed of the three clauses SELECT, FROM, and WHERE and has the

following form [1]
SELECT < attribute list >
FROM  <table list >
WHERE < condition>

where < attribute list >, < table list >, < condition > indicates a list of attribute names whose

values are to be retrieved by a query, list of relation names required to process the query, a
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condition (Boolean) expression that identifies the tuples to be retrieved by the query

respectively.

In SQL, the basic logical comparison operators for comparing attribute values with one
another and with literal constants are =, <=, >, >=, and <>. Consider the following query

which retries the birth date and address of an employee named John Smith as an example,
Select BDate, Address from Employee where Fname= ‘Jhon’ and Lname= ‘Smith’ -- (2.4)

This query involves only the EMPLOYEE relation listed in the FROM clause. The query
selects the EMPLOYEE tuples that satisfy the condition of the WHERE clause, then selects
the result on the BDATE and ADDRESS attributes listed in the SELECT clause.

In the select SQL query, the WHERE clause is optional so that it may be missed from the
select query. The absence of the WHERE clause indicates as non-conditions are specified on
tuple selection; hence, all tuples of the relationships specified in the FROM clause qualify
and are selected for the query result. To retrieve the birth date and address of all employees,

the previous query 2.4 can be written as query 2.5

Select BDate, Address from Employee -------=----=-=-m-mmm e (2.5)

To retrieve all the attribute values of the selected tuples, we do not have to list the attribute
names explicitly in SQL; we just specify an asterisk (*), which stands for all the attributes.
To retrieve all attributes of the employee relation, the previous query can be written as query
2.6

Select * from Employee where Fname= ‘Jhon’ and Lname= ‘Smith’-------------------- (2.6)

One feature of SQL allows comparison conditions on only parts of a character string, using
the LIKE comparison operator. This can be used for string pattern matching. Partial strings
are specified using two reserved characters: % replaces an arbitrary number of zero or more
characters, and the underscore () replaces a single character. An example is shown in query

2.7 which retrieve all employees whose address is in ‘Addis Ababa’

Select Fname, Lname from Employee where Address like ‘%Addis Ababa %’-------- (2.7)
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SQL allows the user to order the tuples in the result of a query by the values of one or more
attributes, using the ORDER BY clause. The query in 2.8 retrieves the name of the
employee in the first name ascending order

Select Fname, Lname from Employee order by Fname ASC ------------=--=----mcomme- (2.8)

The default order is in ascending order of values. Specifying the keyword DESC displays
the result in descending order of values. The keyword ASC can be used to specify ascending

order explicitly

Because grouping and aggregation are required in many database applications, SQL has
features that incorporate these concepts. Several built-in functions like COUNT, SUM,
MAX, MIN, and AVG exist. The COUNT function returns the number of tuples or values as
specified in a query. The functions SUM, MAX, MIN, and AVG are applied to a set or
multi-set of numeric values and return, respectively, the sum, maximum value, minimum
value, and average (mean) of those values. Query 2.9 finds the sum of the salaries of all
employees, the maximum salary, the minimum salary, and the average salary of the

employees.
Select SUM(salary), MAX(salary), MIN(salary), AVG(salary) from Employee--------- (2.9)

In SQL, aggregate functions to subgroups of tuples in a relation, where the subgroups are
based on some attribute values can be applied. In these cases, the relation is partitioned into
non-overlapping subsets (or groups) of tuples. Each group (partition) will consist of the
tuples that have the same value of some attribute(s), called the grouping attribute(s). Then
the function is applied to each such group independently. SQL has a GROUP BY clause for
this purpose. The GROUP BY clause specifies the grouping attributes, which should also
appear in the SELECT clause so that the value resulting from applying each aggregate
function to a group of tuples appears along with the value of the grouping attribute(s). Query
2.10 partitions the employee based the department and finds the average salary of the

partitioned subgroups.

Select DNO, COUNT(*),AVG(salary) from Employee GROUP BY DNO ------------- (2.10)
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SQL provides a HAVING clause, which can appear in conjunction with a GROUP BY
clause. HAVING provides a condition on the group of tuples associated with each value of
the grouping attributes. Only the groups that satisfy the condition are retrieved in the result
of the query. Query 2.11 shows only those partitioned departments whose average salary is
greater than 10,000

Select DNO,COUNT(*),AVG(salary) from Employee GROUP BY DNO HAVING
AVG(salary) > 10,000 =-----m-mnmmmmmmmemm e (2.11)

2.4.2 Data Updating Queries

The UPDATE command is used to modify attribute values of one or more selected tuples. A
WHERE clause in the UPDATE command selects the tuples to be modified from a single
relation. However, updating a primary key value may propagate to the foreign key values of
tuples in other relations if such a referential triggered action is specified in the referential
integrity constraints of the DDL. An additional SET clause in the UPDATE command
specifies the attributes to be modified and their new values. Query 2.12 updates the project

name and the department number of project 10.
Update Project set PLocation= ‘Bellaire’ and DNUM=5 WHERE PNumber=10 ----- (2.12)

2.4.3 Data Deleting Queries

The DELETE command removes tuples from a relation. It includes a WHERE clause,
similar to that used in an SQL query, to select the tuples to be deleted. Tuples are explicitly
deleted from only one table at a time. However, the deletion may propagate to tuples in
other relations if referential triggered actions are specified in the referential integrity
constraints of the DDL.

Depending on the number of tuples selected by the condition in the WHERE clause, zero,
one, or several tuples can be deleted by a single DELETE command. A missing WHERE
clause specifies that all tuples in the relation are to be deleted; however, the table remains in

the database as an empty table. Query 2.13 deletes the record whose last name is ‘Brown’

Delete from Employee where LName= ‘Brown’ -----=--=-======mmmmmmmmmmmemm oo (2.13)
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2.5 Spring Boot

The Spring Framework has been around for over a decade and has found a place as the de
facto standard framework for developing Java applications. Spring Boot makes it easy to
create stand-alone, production-grade Spring based Applications that you can "just run”.
Spring Boot makes the life of a developer a lot easier by providing important debug and

deployment tools [53].

Spring started as a lightweight alternative to Java Enterprise Edition (JEE, or J2EE as it was
known at the time). Rather than develop components as heavyweight Enterprise JavaBeans
(EJBs), spring offered a simpler approach to enterprise Java development, utilizing
dependency injection and aspect-oriented programming to achieve the capabilities of EJB
with plain old Java objects (POJOs) [54].

But while spring was lightweight in terms of component code, it was heavyweight in terms
of configuration. Initially, spring was configured with XML (and lots of it). Spring 2.5
introduced annotation-based component-scanning, which eliminated a great deal of explicit
XML configuration for an application’s components. And Spring 3.0 introduced a Java-

based configuration as a type-safe and refactor able option to XML.

Spring Boot performs four core tricks to spring application development. The first trick is its
auto-configuration so that the spring boot can automatically provide configuration for
application functionality common to many spring applications. The next trick is that it
provides for the developer to tell the kind of functionality that developers what to include
through starter dependencies. With this dependency, the required libraries will be added to
the build. Additionally, the spring boot provides a command-line interface that lets the
developer write complete applications with just application code, but no need for a
traditional project build. Finally, it provides an insight into what’s going on inside of a

running Spring Boot application [54].

Spring Boot helps the developer in integrating the application with several frameworks,
configuration management, Logging, Transaction Management, Error/Exception handling,
Monitoring, and health care, integrating unit testing, and mocking frameworks. It also takes
the responsibility of managing versions of dependent libraries.
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The reason that the developers want to use spring boot is that it reduces project start-up time.
The developers will add frameworks and spring boot automatically configures the
framework. It also provides a feature called starter project which helps to quickly add
specific features to the application. It makes life easier for the developer by providing debug

and deployment tools.

On the other hand, spring is not an application server so that it is impossible to create web
applications as self-executable JAR files that can be run at the command line without
deploying applications to a conventional Java application server. Spring Boot accomplishes
this by embedding a servlet container (Tomcat, Jetty, or Undertow) within the application.
Spring Boot doesn’t implement any enterprise Java specifications such as JPA or JMS. It
does support several enterprise Java specifications, but it does so by automatically
configuring beans in spring that support those features. Spring Boot doesn’t employ any
form of code generation to accomplish its magic. Instead, it leverages conditional
configuration features from Spring 4, along with transitive dependency resolution offered by

Maven and Gradle, to automatically configure beans in the spring application context [53]
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Chapter Three: Related Work

3.1 Introduction

Natural Language Interface to the Database is one of the popular research areas in the world
with the advancement of Natural language processing. A natural language interface to a
database is a system that allows the user to access information stored in a database by typing
requests expressed in some natural language (e.g. English, Hindi, and Amharic). This was
introduced because asking questions to databases in natural language is a convenient and
easy method of data access, especially for casual users who do not understand complex
database query language such as SQL [3]. As compared to other languages, many types of
research have been done on English language Interface to the database using various
techniques. In other languages like Hindi, Marathi few types of research have been done
using rule-based techniques. In this chapter, researches which are related to the Natural

language interface to the database will be presented.

3.2 NLIDB for non-Amharic Languages

Garima Singh and Arun Solanki [5] developed an intelligent interface using a semantic
matching technique that translates natural language query to SQL using a set of production
rules and data dictionary. The research is specifically designed to accept English questions
as input. The data dictionary consists of semantics sets for relations and attributes. A series
of steps like lower case conversion, tokenization, speech tagging, database element, and
SQL element extraction is used to convert Natural Language Query (NLQ) to SQL Query.
The transformed query is executed and the results are obtained by the user. The system is
developed and implemented in PHP, HTML, CSS, and JavaScript as front-end and the
database is implemented in MySQL as the back-end. To test the developed system, a
question set consisting of 28 NLQ questions and 50 NLQ questions were fired and an

accuracy of 82.1% was achieved.

Prasun Kanti et al [6] used rule-based techniques to convert simple English written questions
to questions to SQL in the areas of Natural language Interface to Database. They used tools
like Morphological, Lexical, and Syntactic and Semantic analysis to process the English

written statements. Then they developed an algorithm that identifies the attributes, the tables
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to which the attributes belong, and conditions or values, if any, specified by the user. The

research was limited to handle simple SELECT queries.

Prof.Khan Tabrez et al [7] solved the limitation of other research in such a way that it
handles both simple and complex Data manipulation queries like nested, join, group, order,
queries, etc. The research is specifically designed to accept questions written in the English
language. It is based on the rule-based techniques which consist of three modules namely
Domain Establishment, Linguistics component, and Data Base components. The Domain
Establishment is responsible for the user account and database creation. The second
component, the Linguistics component is responsible for translating natural language input
to a logical query using morphological, syntactic, and semantic analysis. The Database

component is used for SQL generation, execution, and displayed the result back to the user.

Abhilasha Kate, et al [8] added other capabilities to the previous rule-based conversion
techniques in such a way that the system handled natural language queries expressed in
speech. It is designed to handle English statements as input. Using their system, users can
also enter the query using speech. The system will convert speech into the text format. This
query will get transformed into the SQL query. The system will execute the query and gives

output to the user.

K.Javubar Sathick, et al [9] developed a generic Framework for semantic query conversion
in social Web sources. The research is designed for the English Language. Morphological,
Lexical, Syntactic, and Semantic analysis and Mapping tables are some of the techniques
used by the research. It was implemented using java as the front end and SQL Server as the
back end. The authors prepared 3 tables in the SQL Server database for testing the
developed system.

Pengcheng Yin et al [10] unlike the previous researches which focus on the translation of
English Natural language to structured query language using rule-based techniques, used a
Neural Network-based model that learns to understand queries and execute them on a
knowledge base table from examples of queries and answers. It finds distributed
representations of queries and KB tables, and executes queries through a series of neural

network components called “executors”. Executors model query operations and compute
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intermediate execution results in the form of table annotations at different levels. NEURAL
ENQUIRER can be trained with gradient descent, with which the representations of queries

and the KB table are jointly optimized with the query execution logic.

Pooja A.Dhomne et al [11] developed a natural language interface to the database for Hindi
and Marathi language. The system uses both semantic and syntactic grammar system
architecture. The architecture contains Syntactic Analysis, Token analyzer Spelling checker,
Ambiguity reduction. It has two sub-components of NLIDB. The first component, the
Linguistic Component is responsible for translating natural language input into a formal
query and generating a natural language response based on the results from the database
search. The second component, the database component performs traditional Database

Management functions.

Mr. Mahesh Chauhan et al [12] developed a Natural language interface to the database using
rule-based techniques for the Hindi language. The research explains the advantage of
Natural language Interface to Database (NLIDB) in such a way that it handles negation and
quantification type of questions and avoids learning artificial languages. Their proposed
system involves Lexicon and Tokenizer which retrieve the set of tokens that contain word
stem from the word stem and given a token t, retrieve the set of database elements matching
t. The lexicon and Tokenizer further involve several steps like Tokenizer, Morph Analyser,
Postagger, Chunker, Head Computation so that it divides the tokens according to their

syntactic category.

Rashid et al [13] developed an algorithm that efficiently maps a natural language query
interface to the database for the Urdu language. The research first tokenizes the statements
expressed in the Urdu language, extracts patterns, and converts statements to SQL using
attribute value mapping algorithms. They designed a domain-specific dictionary to keep the
synonyms of the columns and tables names. They tested their algorithm two query sets with
a total of 400 queries that were collected from users of the relevant departments. The first
query set was to query the School Management System and the second was to query the
Employee Information System. They achieved an average accuracy of 86% and 84%

respectively.
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Rodolfo et al [14] developed a natural language interface to relational databases for the
Spanish language. The architecture of the querying system is consisting of two modules:
The query module and Domain Customization module. The Query module is responsible for
converting the user input to SQL expressing after it was processed by a lexical parser,
syntax checker, and semantics analyzer. The Domain Customization module is used to
customize and maintain the data and the dictionaries used by the NLP modules of the

system.

3.3 NLIDB for Amharic Language

Anwar Indris [55] constructed a query constructor framework for a web-based search
interface to relational databases. It focuses on improving keyword and synonyms based on
searching on relational databases using a query constructor framework over a set of
databases by constructing a combined database schema. The users are expected to input a
keywords and the system returns all information related to that keyword from the combined
database schema. It was designed in three-tier architecture and consisted of query text pre-
processing, query constructor, SQL query manager, and generating display steps. For its
evaluation, five individuals of the mixed level of expertise have been randomly selected
from the commercial bank of the Ethiopia service desk department. From many in-house
developed database applications of commercial banks of Ethiopia, four of them were
selected for the construction of the combined database schema. Its evaluation was expressed
in terms of user-level satisfaction and it was about 67.5% that the system responds the
relevant result to the provided search keywords.

To the best of the Author’s knowledge, there is a single research that has been done for
Ambharic natural language interface to the database which is directly related to this research.

This is a research done by the Tihitina Petros.

Tihitina Petros [15] developed the Amharic Natural language Interface to the Database using
rule-based techniques. The research was designed for the bi-lingual (English - Amharic)
database since more and more organizations are automating their systems and several
databases have bilingual contents. The system allows users to access database contents using
Amharic language statements that are not syntax-based. It identified and used the necessary

tools and resources such as tokenizer, normalizer, stop word remover, Amharic stemmer,
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and bi-lingual (Amharic-English) databases, list of the thesaurus, and list of stop words. The
system selects 10 critical tables of Ethio-Telecom’s Customer Information Database for

experimental testing. The overall accuracy of the system was evaluated to be 76.5%.

3.4 Summary

From the above researches, it is clear to observe that extensive work has been performed in
the area of Natural language interface to the database. The old researches used rule-based
techniques to convert simple English relevant statements which mainly involve select
statements into structured query language. Then the researchers increased the type of the
English statement in such a way that the system handles more complex SQL queries. With
the advancement of natural language processing, machine learning techniques have been
applied to increase the conversion efficiency. By referring to the English language interface
to the database, researchers have been developed a Natural language interface to the
database for other languages using different techniques. Since Natural language Interface to
a database done by the previous researchers on other languages is language-dependent,
accessing databases using Amharic natural language is required. So far the natural language
interface to the database for the Amharic language is developed only for SELECT queries
and it restricts the users only to input pre-described words which are defined by the
developer. Thus this research is designed to enable users to access information from the
database using free Amharic plain text without restriction by increasing its efficiency. The
system is also designed to handle the other data manipulation queries such as update, delete,
and some additional select queries which are not covered by [15]. The system can be applied
for the databases either its content is written in one language or a mix of two or more

languages.
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Chapter Four: Proposed Solution
In this chapter, the design and model of the Amharic Database Querying System are
explained. It starts with the architecture of the ADQS where each component of the system
that makes up ADQS is described one by one. Some of the components of the system have
sub-components in which each subcomponent is designed to perform related tasks. Then the
description of the data preparation and the machine learning algorithm used for
classification comes next. Finally, description and explanation of all algorithms used for the

development of this system.

4.1. Overview of ADQS

The name ADQS which stands for Amharic Database Querying System is given by the
authors to represent the prototype system that was developed based on this research. It is a
web-based application through which the users extract information from the database by
describing the questions in the Amharic language. The system is designed in such a way that
the users can type the question using Amharic free plain text without restriction. The system
then analyzes the Amharic question using the machine learning algorithm and the database
information through semantic free grammars and generates SQL queries. This structured
query language is executed by query executor and finally, the required information is

displayed to the users through a graphical user interface.

4.2 Architecture of ADQS
The ADQS system accepts users’ questions which are written in Amharic languages as input
and after analysis; it then converts into equivalent SQL and finally returns the extracted
information to the user through the user interface. To perform this all processes, the ADQS
uses the following modules.

e Web-based Graphical User Interface

e Pre-processor

e Trainer

e Tags Modifier

e Query Element Identifier

e SQL Query Constructor

e SQL Query Executer

40



Each module is designed to perform specific tasks and produce the output which is used as
an input for the next module. The system is divided into modules based on the similarity of a
task that they are performing. All modules which are used in this system are indicated by the

architecture of ADQS as shown in Figure 4.1
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Figure 4.1 Architecture of ADQS

4.3 Web-based Graphical User Interface
This is the first component of the system through which the users must submit the questions
to the system. The main function of this module is to accept the users’ questions to the

system and display back the result to the users.

Based on the languages used for writing questions, the graphical user interface accepts three
types of questions. The first types of questions are purely Amharic as the characters are
written in the Amharic language. The concepts or meanings are also expressed using
Amharic semantics. The second type of question is mixed with English characters. Some of
the attributes or table names are commonly known in English languages and they may or
may not have a direct translation to the Amharic language. The users may describe these

words as it is using characters of the English language. The last type of user’s question is
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Ambharic in syntax and English in semantics. Such types of questions are written purely

using Amharic characters but the meanings are expressed in the English language.

In this research, to facilitate the interaction that the users have made with the ADQS system,
a graphical user interface has been developed using Java programming language and spring
boot framework. The Java programming language is preferred due to its interacting

capability with python and familiarity of the authors.

The graphical user interface that has been developed in this research has two major
functions in addition to its advantages as compared to the command-line interface. First, it
accepts the user’s question which is written in Ambharic language or a combination of
Amharic words with English words. Since the back end is developed with python
programming, this user interface must provide the inputs to the back end module in the way
that must be understood by the python. The Process Builder option is used to send this
Ambharic question inputs to the python module. The reason that this option is preferred that
the input questions contain characters other than English or a combination of Amharic and
English characters.

The second major function of the user interface is to accept the output which is produced by
the back end module which is specially made up of python programming. Then it displays
the output back to the user in a friendly environment. If the user question is asked using the
select clause, the selected result is displayed on the grid view where the user can export the
data in excel format. If the user question is asked using the update or the delete clause, a
confirmation or error message is displayed to the users. Figure 4.2 shows the process flow of

the graphical user interface.
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Figure 4. 2 Process of Graphical user Interface
As you can see from Figure 4.2, the graphical user interface accepts Amharic statements
which are written in Amharic language or combinations of Amharic and English words.
These are given to the Back End module which uses a python programming language to
process the Amharic statements. After analysis and generation, the back end module sends
back the English SQL query, Amharic query, and clause to the graphical user interface. The
graphical user interface sends the English SQL query to the database engine for execution.
The AmQuery refers an equivalent SQL which are expressed using Amharic characters. The
clause is used to identify the results which are displayed back to the user in the select,
update and delete cases. The Database Engine returns the result to the graphical user
interface. Finally, based on the clause given by the back end module, the graphical user

interface displays the output result or the confirmation message to the user.

The algorithm which is developed for the graphical user interface is shown in Annex A. As
you see, there are two main algorithms. One of them is used to find SQL Query with the
help of the back end module as indicated by the FindQuery () method and the second is used
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to execute the generated SQL with the help of the database engine as indicated by
ExecuteQuery ().

The Find Query in Annex C first accepts whatever is given by the back end module and
makes some analysis based on the sequence of the sentences returned by the back end
module. After that, it will decide whether the returned sentences are a correct SQL query or

an error message using the ErrorOrSuccess () method.

On the other hand, the execution query begins execution after a correct SQL query is
generated by the back end module. The users may decide whether execution to be continued
or not based on their interest. The executed query first makes a connection with the database
based on the database name which is selected by the user. Then the clause returned by the
back end module, determines whether the required information to be retrieved from the

database or a confirmation of update or delete query.

4.4 Pre-processor

Apart from the graphical user interface, the remaining modules are called back end module.
These modules are the basic modules which perform the logic behind the ADQS system.
They are developed using Python programming language. They accept user’s questions from
the graphical user interface. They start with the pre-processing module and ends with query
generation. The constructed query is also returned to the graphical user interface by the

query constructor module.

The first component of the back end module is the pre-processor. The plain Amharic text
which comes from the user goes to the pre-processor component for further analysis. This

component has three major modules which are described below.

e Cleaning and Separation
e Stemming

e Numbers Identification, Conversion, and Concatenation
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4.4.1 Cleaning and Separation
In this module mainly the following four important activities namely cleaning, synonym
character conversion, and quotation identification, concatenated word separation and finally

short word expansion are performed.

The first task that is performed by the pre-processor module is cleaning. The ADQS allows
the user to write the question using Amharic free plain text so that the question may contain
many characters that are not necessary for the system. Thus this module is responsible to
remove these unwanted characters like stop words, punctuation marks. Additionally, the
user may attach the punctuation marks which might be useful or not useful for the system.
These unwanted punctuation marks must be unattached and removed from the sentence.
Finally, the whole sentence is split into each constituent word based on the type of the

separation character inputted by the user.

The second task that is performed by the pre-processor module is to convert synonym
characters to some fixed representation. One feature of the Amharic characters which makes
different from other language characters is that it has various character representations for a
single word. For example, a single word ‘v’ can be represented as 'c', ""iI'. Thus these
synonym characters must be converted to a single common word that can be understood by

the system.

Some of the where or update value that consists of multiple words might be expressed under
quotation as a single word like ‘ADAM CONSTRUCTION PLC’. Since in the ADQS
system, each separated word is treated as a single word, the system must identify such cases
and convert them into a single word as ‘ADAM_CONSTRUCTION_PLC’. This is what the

quotation identifier component performs during pre-processing.

When concatenated word separation comes, in the user’s question some important character
or word might be attached to some other word as like 0107/06/2020. The first letter is a stop
word which is unnecessary for the system but the second word is date value which is useful
for the system. These must be separated and treated individually as 0 and 07/06/2020. The

process flow is indicated in Figure 4.3.

45



AmSentence

Plain text

Split words

Converter &
identifier

Figure 4. 3 Cleaning and separation
As you can see from Figure 4.3, the cleaner accepts free Amharic text or a combination of
Ambharic words and English words. The cleaner checks the presence of stop punctuation
marks which are defined in the array and removes if they present. On the contrary, if the
useful punctuation marks are attached to some other word, the cleaner treats each required
word as a separate character and finally split the word based on the white space. The

algorithm is shown in Algorithm 4.1.

Algorithm 4. 1 Cleaner
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4.4.2 Stemming

This is the second part of the pre-processing module where the Amharic questions entered
by the users are converted into its equivalent stems. This is a very important part of the
ADQS system as every word is represented as a single or a few words. In this research only
stem of the common words such as words found in the dictionary, aggregate words,
conditions words are stored. If the system finds a word which is not found in these stem
collection, its stem word is represented as an empty string. The system is designed in this
way to save preparation time, resources, and execution time. Secondly, it is also important
for the system to decide whether the word is required for query generation. The process

done by the stemmer is shown in Figure 4.4.

Split words

Stemmer

Stem of words

Figure 4. 4 Stemmer
Since the ADQS system is accepting some English words, finding the stem of an Amharic
word must be separated from finding the stem of an English Word. The algorithm for
finding the stem of the Amharic word is shown in Annex B. Some Amharic Words are
exceptional to the Stemmer due to their unique features. These words are taken as an
exception and the algorithms are designed to escape these words. The first thing that the
Stemmer does is it finds the Prefix and suffix Indexes. Once the prefix and suffix indexes

are determined, the stemmer removes these prefixes and suffixes using the algorithm as
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shown Annex B. The next task of the stemmer is converting the last character into sixth
sound as the stem of the words are stored in such fashion. The character conversion relies on
the Unicode representation of the Amharic characters as you can see in the Convert
Character Method.

4.4.3 Numbers Identification, Conversion, and Concatenation
In this module, the following three important activities namely identification of numbers
written in letters, concatenation of words with the hyphen and finally enclosing values with

quotations are performed.

Since in SQL, the numbers are understood as they are written as a digit, there must be a
mechanism that converts numbers written in Amharic letters into its correspondence digits.
For example, the numbers written in Amharic letters as ‘v-at oot vg°a Hm™T’ must be

converted into 259.

Some of the attributes and names used in the tables of a given database are described with
the combination of two or more words. This is because some common words can be used in
many ways to represent different events or different things. For example, the word name can
be combined with other words such as Father, Mother, and Wife to identify whether it
represents Father’s name, Mother’s name, or Wife’s Name. These words are not quite
enough to express a given entity. Similarly, for the single word container, it doesn’t say
whether it refers to container number or container size, or container type. The same applies
to the Amharic language also. The Amharic words ‘ea0t a9, D rE2IC €7C, UL P& DrELIC
must be concatenated and represented as a single word with the help of hyphen as ‘eant_ag,
DrELIC_eTC, “0._ovn_ 072 In this case, both the Amharic questions entered by the users

and their corresponding stems are concatenated for further analysis.

To avoid ambiguity of identifying a given word as value or attribute, or to give emphasis to
a given word, it has been a good practice to enclose the value under quotations. In this way,
the user can easily identify what the statement is talking about. For example, consider the
statement; the student named ‘Beniyam’ has done his research. This statement talks about a
single student ‘Beniyam’ since it was emphasized as indicated by a single quotation. The

word student explains more information about the ‘Beniyam’. Similarly, it will be a good
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practice to enclose the value under quotation so that the ADQS can easily differentiate it
from the attributes. Since the user may forget enclosing the value with a quotation, this pre-
processing module puts a quotation before and after the end of the word. Thus the Amharic
statement ‘07 07/20/2020 OLA LA av<tc nrELICTY A9PMAT must be converted into ‘N7
‘07/20/2020° ®LA £2LA- oot 0TELICTT A°MAY which can be translated as ‘give me the name
of full containers which arrived by the date ‘07/20/2020°. Figure 4.5 shows the process flow
of the pre-processor module which is responsible for performing the above-mentioned

points.

Split words, split stem of words

Split word & stem word
numbers written in letters, separated names
& unenclosed values

Numbers Identifier

Split word & stem word
Split word & stem word Numbers in digits, concatenated names &
numbers in digits, separated names & enclosed values
unenclosed values

Split word & stem word
Concatenator umbers in digits, concatenated names & Enclosser
unenclosed values

Figure 4. 5 Numbers identification, concatenation, and Enclosing

As you can see from Figure 4.5, the user’s question may contain a number, separated, and
unenclosed values. These all inputs are converted into the appropriate format required by the
ADQS system. The algorithm for number identification first searches each word in the
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numbers dictionary and converts the letters into numbers using an algorithm. The algorithm
for the numeric identifier is shown in Annex C. The dictionary that is used for the numbers

is also shown in Annex D.

If the users’ questions contain two or more names of the attributes, tables, or some common
words defined in the ADQS system next to each other, the pre-process module is also
responsible for concatenating these words. The system treats these concatenated words as a
single word for further analysis. The algorithm developed in the ADQS system for

concatenating these words is shown in Annex E.

It would be better for the system, if where and update values are enclosed with a quotation
by the user. This is taken as one feature of identifying database elements from stop words.
This is also a usual practice in linguistics to emphasize a given word. If the users forget
enclosing where and update values, the pre-processor module identifies and makes a
quotation based on some general facts. The algorithm used for quotation insertion is given in
Algorithm 4.2.

Input: sentence array, stem word array, stem order keys array
output: sentence array, stem word array, stem order keys array
Create and initialize j wariable to 0
While j is less than length of sentence array
If (word at index ] is (digit or date) and if it not
enclosed by quotation) or
If (word has a single character and if it is not ‘h’ and
‘' and ‘¢’ and any of punctuations) or
If (word has a single character and if it is one of
*h*, ‘n’, ‘¢’ and if it is proceed by any of
*h*, ‘0, ‘') or
If (word found in Empty Value array and if it proceed or
succeed by stem not equal to empty)
Insert quotation at j and j+2 of the sentence array
Insert guotation at j and j+2 of the stem word array
Insert guotation at j and j+2 of stem order keys array
Increment j by 3
Else

Increment j by 1

FReturn sentence array, stem word array, stem order keys array

Algorithm 4. 2 Algorithm for quotation insertion
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4.5 Trainer

This module deals with the machine learning algorithm that is used in the ADQS system. In
this module, data preparation, features identification and classifier training are covered.
Since this research uses a machine-learning algorithm, it is required to prepare data sets that
are used to train the classifier. For this research, The Decision Tree classifier algorithm uses
about 352 Amharic questions that are prepared manually. Each question is made up of a
minimum of 4 or a maximum of 20 words. Thus the algorithm trained on average of 3520

words.

There are no publically available Tagged Ambharic questions that are used to extract
information from the database. Thus the authors prepared the dataset which composed of a
word and tag combinations. In this research, a total of 11 tags or output variables are defined
as shown in Table 4.1. The Amharic questions are collected by converting English questions
that are intended to extract information from the databases. Specifically, English questions
found in [1] and [57] are used to prepare the Amharic questions. These questions are
prepared in such a way that their main purpose is to extract or update or delete records of the
tables which are defined in the ADQS. The system uses two major databases of the
Ethiopian Shipping and Logistics Service Enterprise for implementation. Thus these all
Ambharic questions are prepared to extract or update or delete information that is found in

these two databases.

After Amharic question preparation, each word of the sentence was tagged with one of the
output variables. Thus a single statement is split into words and each word is tagged with an
appropriate tag and stored as a single Amharic question. The system is capable of adding a
new Ambharic statement into the training dataset by tagging each word with the output
variable. Algorithm 4.3 shows the algorithm used to tag each word and serializes it in the
training dataset as a pickled element. The system is also capable of removing the wrongly
added Amharic question from the dataset.

The training and test dataset are serialized as a pickled element using pickle built-in modules
of python. The pickle is used because the machine learning algorithm needs to be saved to

make new predictions at a later time without having to rewrite everything again.
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Additionally, once the data sets are pickled, it can be saved on disk so that we can move it to
some other applications easily.

Algorithm 4. 3 Algorithm for preparing the training and test dataset

Once the users’ questions are submitted to the system, the system identifies important
features of each word that are used in classification. Some of the important features which
are taken into consideration for the classification are the word itself, its previous word, its
next word, part of speech tag of the word, part of speech tag of its previous word, part of
speech Tag of its next word, the position of the word relative to the verb, position of the
word relative to the quotations, position of the word relative to the beginning and the end of
the statement, whether the word contains punctuations, whether the word is an object or a

subject, whether conjunctions are present between the nouns.
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Once the features of each word are identified, these features are given to the system to train
the classifier. The system uses the Decision Tree Classifier machine learning algorithm to
train and classify the required output. For the training purpose, the authors prepared about
352 Ambharic questions each of them can have an average of 10 words. All of these words
are tagged with a single letter which can be considered as an output variable. 11 output

variables are used in the system as shown in Table 4.1.

Table 4. 1 Output variable

No. Output Variable Description

1 T Indicates the name of the table

2 A It indicates the filter attribute of the table which is attached
with a value

3 R It indicates the required attribute of the table needed by the
user query

4 wW It indicates where value which mostly expressed under
quotations

5 V1 It indicates the Select clause

6 V2 It indicates the Update clause

7 V3 It indicates the Delete operation

8 U It indicates update value which mostly expressed under
quotations

9 S It indicates stop words which are not required for the
system

10 C It indicates conductions

11 K It indicates a keyword

All words which are used in the training phase are tagged with one of the output variable as
described in the table. For example, the Amharic question ‘A&-F% “Biniyam Legesse Tsehay”

PIGUTF DT RIRPTF KG CHO-AL 0FO<7 NN TTVLS AaeT IS tagged as

[Cact5", "A", (', 'S"), (‘Biniyam Legesse Tsehay', 'W"), (", 'S"), (‘7191 F@<7, 'S,
(F22PF, R, (49", 'C), (ero-ae_0o-7, 'R'), (‘had_owes', 'T), (et 'V1)]. This can be
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translated as show me the languages that employee ‘Beniyam legesse Tschay’ is speaking
and his birth place from his personal information. The process is indicated in Figure 4.6.

Pre-processed
question

Sentence array
Training Data

Feature

Training data array serialized with pickle Identifier
Feature Array of words with input features
Identifier
Classifier

Array of training data with input features &
output variable

Tagged sentence
with word,tag
Classifier

model
models

Figure 4. 6 Classifier
The classifier first builds a model that is used for classification using the training data. By
finding the features of each word of the training sentence, it builds the classification model.
When the pre-processed sentence is given by the pre-processor module, the classifier finds
the feature using a feature identifier as shown in Figure 4.6. Finally, it predicts the tag of
each word from its feature and classifier model. The output of this classifier is a tagged

sentence consists of a word and its correspondence output variable.

The algorithms which are developed for the classifier have two parts. The first focuses on
finding features of a given word and the second focuses on training and prediction. The
algorithm for feature identification is shown in Algorithm 4.4. For each word of the

sentence, about eighteen features are determined by the ADQS system.
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Algorithm 4. 4 Feature identifier

One of the methods which are described in the feature identifier is the POS tag determiner
which is used to find the part of the speech tag of the word. The ADQS system uses the
algorithm indicated by Annex F to determine the POS tag of each word. The POS tag Finder
algorithm first finds the prefix and suffix indexes and then removes the prefix and suffix
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characters based on these indexes. Annex F also shows the removing process and extracting

of the root word from the original word.

The main reason that this Master’s research uses the indicated algorithm is for the execution
time and resource efficiency. Additionally, the system doesn’t need all POS tag variables
used by other researchers. The most important point here is to identify a word that acts as a
verb from other words. This is because most of the time, the select or update or delete
clauses are described using this verb. In this research using this POS tag determiner, only
verbs are identified and words other than verbs are tagged as nouns. These nouns are
specifically tagged as ‘K’, ‘C’, and ‘S’ if they are keywords, conjunctions, and stop words

respectively.

Additionally, the verbs are classified further into ‘“V1°, ‘V2’, “V3’, and ‘V’ to indicate the
select, update, delete, and common clauses respectively. The verbs indicated by ‘V’ are
common words that they can be used in all clauses with the help of some other additional

verbs.

4.6 Tags Modifier

Tags in this Master’s research are the identifier of each word of the sentence which can be
considered as an output variable of the machine learning algorithm. The output tag of the
ADQS system is first determined by the classifier as discussed in the previous section.
However, when the classifier makes predictions, the output tag may not be accurate. Some
of the tags may represent invalid value. This is since some words are used differently in a
different sentence. A given word can be used as a required attribute in one sentence and as a
filter attribute in another sentence. The remaining features help to decide whether to use this
word as a required or filter attribute. However, when the user writes a question, they can
freely type as long as it transfers a complete meaning. In such a situation, the required and
filter attribute might have almost similar features. Additionally, the features of where value

and update value show some similar features.

The Tags modifier module is responsible to amend the tag determined by the classifier based
on some general facts. For example, the update values, required attributes must never

present in the select, delete clause respectively. Additionally, the information which is

56



available in the dictionary might force the amendment of the output tags which are

determined by the classifier. Some of the general facts which cause a tag modification are

listed below.

v

If update value(‘U’) presents in the select clause, it is converted into where
value(‘W”) based on the similarity of its features with the where value

If Required attribute(‘R”) presents in the delete clause, it is converted into the
attribute of a table based on the similarity of its feature with the attribute

If Key word(‘K”) presents in any clause as other tags, it is converted into a
keyword based on the dictionary of all keywords registered in the system

If update(‘U) or where value(*W’) in any clause and fails to be validated
correctly, it is converted into Stop word based on its corresponding features
The table name, required and filter attributes are validated with the help of the
database information and converted into stop word if they fail

The required and filter attributes are validated with the help of where values

specified in the input and converted into the appropriate tag

The algorithm shown in Algorithm 4.5 indicates one of the algorithms that the ADQS

system uses to modify the tags.
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Algorithm 4. 5 Tags Modifier example

4.7 Query Element Identifier

This module is responsible to analyze the input sentence and identify the elements which are
required for query construction. Query elements are the database elements that are needed
for the construction of structured query language. Every SQL queries are constructed with
the use of these query elements. These are clauses, tables, keywords, conditions, values, and
attributes. To construct SQL queries, the ADQS system must identify at least three of these
query elements.

4.7.1 Clause identification

This module is used to analyze and identify the clause from the specified input Amharic
sentence. In this research, three clauses, select, update, and delete clause are considered.
Thus the main function of this module is to choose the appropriate clause from these
clauses.
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In this research, the clause is mainly identified by the machine learning algorithm based on
the input features given to the classifier. From the Amharic input questions collected in the
training phase, it is easily observed that the main words or phrases which indicate whether
the clause is select or update or delete, are verb clauses. In other words, if the sentence is
analyzed by finding part of the speech tag of each word, there is some hint which helps the
identification of the clause. Thus, this hint is taken as one major feature of the Decision Tree
classifier to identify the verb. Additionally, since the Amharic verbs are usually positioned
at the end of the statement, the position of the word relative to the sentence is also

considered as the main feature of the machine learning algorithm.

The algorithm tags these clauses either as “V1’ or ‘V2’ or ‘V3’. ‘“V1’, ‘V2’, ‘V3’ indicates
the select, update, and delete clause respectively as described in Table 4.1. These three
clauses almost share the same features as they are expressed similarly in the Ambharic
questions. However, the verbs are separately used in a given sentence at a time. Words that
are used to write select clauses are not used in other clauses. Therefore, in these research
words which are used to describe select clauses are grouped and stored separately from the

update and delete clause.

There are some common verbs like ‘Am@da@-’, translated as ‘I am asking’ which are used in
any clause. These words are not enough to describe the mentioned clause since they require
the help of other words. This question can be changed into ‘A7&72evMA™ Amea@- which
means ‘I am asking you to give me’. Thus the addition of these verbs will also help the

identification of the appropriate clause.

4.7.2 Table Identification

After clause identification, the next thing which must be identified for the query
construction is the table element. It is one of the database element which stores specific
information about that relation. All clauses fetch the required information from the table
element. It is like a container where the required data are stored. They might vary in each

query based on the user’s questions

When the users type the Amharic questions, the table element may or may not be expressed

explicitly. Thus it is the responsibility of the ADQS system to identify the table element
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from the user questions. When the table elements are written explicitly, they are usually
written with the help of conjunctions and their part of speech tag is a noun. Sometimes they
are written as a description of the doer of the sentence. Most of the time, they are positioned
before the verb of the sentence or at the beginning of the sentence. These points are taken

into consideration and considered to be the dominant features of the classifier.

Sometimes the table element may not be expressed explicitly in the input Amharic sentence.
In such cases, they are expressed in terms of the required or filter attribute or some other
stop word. The ADQS stores the most dominant or frequently used words to represent each
table of the databases. Thus if the table element is not identified explicitly, the system takes

the stem of each word and search for those dominant words of each table.

The ADQS system first accepts the output tags which are identified by the Decision Tree
Classifier. The classifier, in turn, takes the features, performs mathematical calculations, and
tags each word with the output variable. In a single Amharic statement, there might be more
than one word that behaves like a table element. Since this research is limited not to handle
joins, only one word or combination of words must be identified as a table element. Thus the
ADQS takes those words which are tagged as ‘T’ from the classifier and perform further

analysis.

The correctness of the classifier is checked with the help of the dictionary which stores valid
databases, tables, and attributes. The stem of those words which are tagged as ‘T’ by the
classifier is searched from all tables of the database selected by the user. If the match is not
found in both explicit and implicit cases, the ADQS system stops execution and informs the

user to modify the Amharic questions.

4.7.3 Key word, Condition, Attribute Identification

Once the database and the table elements are identified, the next thing is the identification of
keywords, conditions, and attributes. In this research, Keywords are common words that are
defined at once in the ADQS system. They are important for query construction as they
determine the way that the query is going to be constructed. Keywords are defined query
element that helps for the construction of SQL query. They are well known by the database

engine so that missing or misspelling of these keywords generates a syntax error. A given
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SQL query needs at least one keyword during its construction. For example, when the users
want to see the result with some either ascending or descending order, they are expected to
use some of the order indication keywords. When they want to see all the required attributes
instead of selecting specific attributes, they are expected to use some of all indication
keywords. All keywords that are used in the ADQS system are described in the Annex G.
These keywords are defined in the system at once and the users are expected to use any one
of these words to express their ideas through Amharic sentence. In the ADQS system, they

are tagged as ‘K’ to indicate that they are keywords.

On the other hand, conditions are defined as keywords that are used to filter the records of
the table. They are important for query construction as they determine how the records are
going to be filtered. Conditions are other query elements which determine the amount of
data that is filtered from the table. They determine whether all or specific records of the
table are selected or updated or deleted. They are used in the Where clause when the users
want to see specific records of the table. For example, the users might want to see the
records which are the same as to the value described in the input Amharic statements. They
might want to see the records which are between two values described in the input Amharic
statements. All conditions that are used in the ADQS system are described in Annex H.
These conditions are defined in the system at once and the users are expected to use any one
of these words to express their ideas through Amharic sentence. In the ADQS system, they

are tagged as ‘K’ to indicate that they are condition.

Values are the main required information which is stored in a table as a record. These values
might be supplied by the user to see or update or delete all records which are related to that
specified value in the user’s question. The values in the ADQS system are tagged as ‘U’,

‘W’ for update and where value respectively.

The next query element, attributes are part of the table elements which are used either
infiltration or visualization. Most of the query construction takes one or more of these
attributes based on the user requirement. The attributes that are found in the ADQS system,
are classified into filtering attributes and required attributes.

61



The filtering attributes are used to filter the record of the table based on some values that are
extracted from the user’s questions. They are associated with somewhere values and
conditions to filter records of the table. In the ADQS system, these attributes are tagged as

‘A’ to indicate that they are filtering attributes of the table.

The required attributes are the table’s elements that are required to be displayed for the user
based on the user’s questions. When the users want to see all attributes, they either describe
the questions using any of the key word_all keywords as shown in Annex G or they can
explicitly specify the name of the attributes. The ADQS system identifies and takes the
appropriate attribute based on the features given to the classifier. In the ADQS system, these

attributes are tagged as ‘R’ to indicate that they are required attributes of the table.

The process flow of these query elements is shown in Figure 4.7. As you can see, the first
query element that must be identified is the clause. The output from the clause identifier
goes to the table element identifier. The table identifier uses the clause, database name, and
dictionary of the database information then identifies the appropriate table name. The
dictionary of the database information is prepared using semantic free grammar.

Since the database element names are defined by the developer and the users are not aware
of that database element names defined by the developer, there must be a mechanism that
fills this gap. In this research, these semantic free grammar rules are used to fetch the root
node from users’ questions. Using this semantic grammar, non-terminal categories are
formed on conceptual rather than syntactic bases [38]. In other words, even though, the users
don’t know the syntactic structure of the database element, this semantic grammar helps to
get the names based on the conceptual representation. This is used to solve the linguistic
issues [56]. The reason that this semantic grammar is used in this research is due to a limited

domain area of the user question.

In the ADQS system, the semantic free grammar rules or concepts that match the semantic
category with the root node to the node in semantic slots are developed. Table 4.2 shows a
sample that is used in this system. As you can see, the developers used ‘MCRR400’ as a
table name in the human resource management system which will be discussed in section 6.

No one knows this name except the developers. It is described syntactically. The developers
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use this name to store personal information. The concept of personal information is known
by all users. Thus this concept can be expressed as an employee or as a person or as ‘294

TULC/ yagolo mahadara’ or ‘aé-4/saratdga’ as indicated in Table 4.2

Tagged Sentence &
features

Semantic free Array of tagged sentence & features

Brammar

Clause Identifier

—

Dictionary agged Sentence, database name,
Clause, stem of words '

L. . Attributes ,attribute indexes,
Dictionary of Available Table Identifier ‘ 4 ditions. T "
database information eywords, conditions, Tagged sentence

Table & column name,
agged Sentence agged sentence& stem of words

Keyword &'condltlon ey words & Tagged sentence Attribute Identifier
Identifier

Dictionary of available
database information

Figure 4. 7 Query Element process flow

Once the table name is identified by the system, the key words, conditions, and attributes are
determined using the table name, the stem of the word, the tagged sentence, and the
available database information as shown in Figure 4.7. The algorithm for identifying the

clause element is shown in Annex I.
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Table 4. 2 Semantic root node with semantic slots

No | Semantic category | Semantic slots

1 | vwEmployee employee| personal information | aAM™( sélatga) | 2910 TIWRC(
yagola mahadéro) |

2 | vwCertificates certificate |education |education certificate| act+eh( saratfoketo)
[FIPVCT TILC( yatomoaharato mahadars) |

3 MCRR400 salary |salary earn| ?£9°H “7vLC( yadamoza mahadara) | £20. £9°H

ddmoza mahadars) |
4 | MCRWO030 experience| PA°L TIWLC( yalomada mahadar ) |

5 MCRWO002 address| A%< (adorasa)| PAL A TWLC (yaadarasa mahadar) |

The clause which is identified by clause determiner is given as an input for the table
identifier to identify the appropriate table name. The algorithm for the table identifier is
given in Annex J. In the ADQS system, the table name is identified in two different ways. If
the table name is expressed explicitly in the user questions, its actual name is determined by
the algorithm shown in Annex F. If the table name is not expressed explicitly, the ADQS
makes further analysis and determines the appropriate table name using the algorithm
described in Annex J. The ADQS system makes further analysis by checking each word of
the user’s question with the help of the dictionary. Additionally, it uses the main words

which describe a given table as a reference and makes an educated guess as indicated.

The algorithm which is used for attribute determination begins analysis from the clause that
is identified by clause identifier. The algorithm developed for the select clause is shown in
Annex K. It determines the required and filter attributes using the tagged sentence and
available database information in the dictionary. Other database elements like keywords and
conditions are also determined with the help of keyword and condition identifier. The
concepts for identifying the attributes of update and delete clauses are similar to the select

clause.

The last Query elements which are used in query construction are values. In this research the
values are classified into where and update value depending on the situation they are used in
the query. The update value is only found in the update clause whereas where value is found
in all clauses. One similarity of these two values is that they are usually enclosed with a

quotation mark. The second similarity is that they are records or required information that is
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stored in the table. The difference is how they are used on the records of the table. Where
value is used together with where clause, attributes, and conditions. Its main function is to
filter the records of the table. On the other hand, the update value is used to replace the
records which are already stored in the table. The process flow of these database elements is

shown in Figure 4.8.

Tagged sentence,
Group By, aggregate Function, clause
,db, table, attributA, attributeR

Array of tagged sentence, group by
& aggregate function index, attributA

attributeR. db. table \rray of tagged sentence & clause

Where value determiner Update value determiner

agged sentence, clause, where value, Having where value
attributeA, attributeR, db, table

Update value

Where condition determiner

Where condition

Figure 4. 8 Value determiner

By combining two or more query elements, a new query element might be produced. One of
them is where condition. The conditions used in where clause is formed with a combination

of filter attributes, conditions, and where values. The number of where values that are
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specified in the user’s question must be the same as the number of filter attributes. The

pseudo-code in Annex L shows the algorithms that find the appropriate where conditions.

4.8 SQL Query Constructor

The next component of the ADQS system is the SQL query constructor which constructs the
structured query language based on the query elements that are identified in the previous
modules. The query constructor takes the appropriate clause, table, filtering, and required
attributes, values, conditions, and keywords which are identified by the previous modules
and generates the required SQL query.

The query constructor identifies the type of the SQL queries to be generated i.e. whether it is
expected to generate either select query or update query or delete query based on the
appropriate clause. The required input needed for the query construction varies based on this
clause. For example, when the required query is select, the query constructor takes the table
name, filtering, and required attributes, values, conditions, and some other keywords as
input for construction. However, when the required query is a delete query, the query

constructor takes only table name, filtering attributes, values, and conditions.

Once the construction is done, the query constructor generates the normal SQL queries and
an equivalent Amharic based SQL queries. The normal SQL queries are given to the next
modules of the ADQS system and the Amharic based SQL queries used for better

understanding and future research work.

The query constructor constructs the whole SQL step by step starting from the simple query
element. It first starts constructing the order by clause if the user’s question contains an
order key word indication. The algorithm is shown in Annex M. As you can see, the whole
construction is divided based on the user’s question whether it contains the where or having
value. In the Annex M only construction of query when the user’s question contains the

where value is described. The concept of query construction is the same for other cases.

The query construction for each case is further classified based on the conditions which are
provided in the user’s question. If the condition is explicitly expressed in the user’s query,
the ADQS system identifies and constructs where condition value using this condition. If the

conditions are not expressed explicitly, the system takes equality as a default condition.
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These in turn are further classified based on the select, update, and delete clauses. The
pseudo-code shown in Annex M indicates the query construction algorithm when the user’s

question contains somewhere value and the conditions are not expressed explicitly.

The query construction in the select clause is further classified based on various conditions.
These include whether the users want to see all columns or specific column, whether the
user wants to see the result in some order, whether the user wants to see all records or some
of the top or last records, whether the user wants to group the result based on some attributes
and so on. You can see the detail in the flow chart shown in Figure 4.9. Note that the Figure
4.9 shows only one case of query construction where the user question doesn’t contain the
where and having value. The same principles are followed for the query construction of

other cases.
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Query elements
with WhrVval and
HavingVal empty

Clause is

select Select attrR from

table

Clause is

delete Not All &

| Fun)>0 &
Select count(*) en(angftre::L

from table Select top top
Delete from table attrR from table

Select attrAggFunc
from table

Select attrAggFunc len(aggrFun)=0 &
from table group each & attrR=grpb

by grpBy

Select attrR from
table group by len(aggrFun)=0
attrR len(aggrFun)=0 & not All & top
& All & top is empt

en(aggrFun)=
& All & top is not
empty

Select * from table

Select top top *
from table

Figure 4.9 Flow chart for query construction when where and having values are empty
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4.9 SQL Query Executer

This is the final module of the ADQS system where the generated SQL queries are executed. The
SQL Query Executer takes the normal SQL queries generated by the previous module as an input
and executes the query. The SQL Query Executor establishes the connection to the database
based on the endpoints specified by the system. The endpoints are in turn is determined by the
user through database name selection. The built-in query engine components of the database are
responsible for query execution using this connection. The result of the execution is finally
displayed back to the user through a web-based graphical user interface.
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Chapter Five: Experiment
An Experiment has been conducted to test the effectiveness of the Amharic Database Querying
system. For that purpose, the prototype is developed which enables the users to easily access the
content of the database using the Amharic language. In this chapter, an explanation about the
experimental environment, graphical user interface, database design, types of queries that are
handled by the system will be presented first. Then evaluation and discussion will come next.

5.1 Experimental Environment

The prototype is developed by Java and python programming language and spring boot
framework. The databases are constructed using Microsoft SQL Server and Oracle. The system
is designed to be a web-based application so that the user can easily access it using the web
browser. For the testing purpose, the application was deployed on a single laptop computer in the
Ethiopian Shipping and Logistics Service Enterprise network using Tomcat. To deploy the
ADQS system on the mentioned laptop which is used as a server, apache tomcat with version
9.0.37 is used. User has easily accessed this deployed application as long as they are in the
ESLSE’s network using web Brower. The system is deployed on the laptop computer with the

following specification.

Operating system - Windows 10 pro @ 2018 Microsoft Cooperation
RAM size - 8GB

Hard Disk -500GB

System Type — 64-bit Operating System

Processor - Intel(R) Core(TM) i7-6600U CPU @ 2.60 GHZ 2.81 GHZ
Brand- Dell Latitude E5570

D N N N N NN

5.2 Graphical User Interface

The Front End of the ADQS system is developed using the Java programming language and
spring boot framework. For its development, Eclipse Integrated development environment (IDE),
version 2020-03, as a development tool is used. The following dependencies are used in spring

boot for the front end development of the ADQS system.
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spring-boot-starter-security
spring-boot-starter-thyme leaf
spring-boot-starter-web

web jars bootstrap

web jars jquery

web jars jquery-Ul

Microsoft SQL Server MySQL JDBC
Oracle database jdbc8 version 12.2.0.1

AN N NN N Y N N N

Thyme leaf-extras-springSecurity5

In addition to the merits provided by the spring boot framework, custom cascading style sheet
(CSS) and Javascript queries (JQuery) are also used. Additionally, some templates taken from

bootstrap made [66] also used.

5.3 Back End

The back end modules of the ADQS system which are responsible for handling the logic are
developed using the python programming language. For the development, PyCharm, version
2019.2.3 community edition is used as a development tool. Once the program is tested in
Pycharm, it is added to Eclipse Project through PyDev which is a python IDE for Eclipse. The
following modules are used for the back end development of the ADQS system.

Scikit-learn Decision Tree Classifier
Scikit-learn DictVectorizer
Scikit-learn pipeline

String

Pickle

time

AN N N N NN

The Back End module, in addition to the training and testing data, it consists of six python file
namely Data Collection.py, Pre_Processing.py, ADQS.py, Query.py, QueryConstruction.py, and
Dictionary.py. The description is found in Table 5.1
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Table 5. 1 Back End Modules

No | Module name description Lines of code

1 Data collection The data collection file is mainly used to | 190
train the model, coordinate the other
modules

2 Pre-processing The Pre-processing module is used to pre- | 620
process the sentence entered by the user.

3 ADQS The ADQS module is used to handle NLP | 1600
related activities

4 Query The query module is used to identify the | 1800
query elements

5 Query Construction | The query construction is used for the | 1680
construction of the query

6 Dictionary It is used to provide information for the | 360
database element by applying semantic
free grammar

5.4 Database selection

For the implementation of the ADQS system, two databases of the Ethiopian Shipping and
Logistics service enterprise are selected namely DPOIS, HRMS. DPOIS stands for dry port
operation and information system and it is an information management system that allows dry
port operations to capture data about containers, RORO, and break-bulk. The DPOIS system
organizes these data in such a way that it is useful for managerial purposes like planning and

controlling dry port operational activities.

The DPOIS system database is constructed using Microsoft SQL server 2012 and it is developed
in-house by employees of The Ethiopian shipping and logistics service enterprise. The database
consists of around 62 tables, 300 views, 170 stored procedures, and 7 functions. All tables, views
procedures, functions, and database names are written in English Character. For the
demonstration purpose, 9 main tables and 5 main views with some modifications are prepared.
The reason why the DPOIS is selected for the ADQS implementation is that it is developed
locally and the Authors are part of the development team. The DPOIS system includes a process
to be followed one after the other so that this is used to test the performance of the ADQS
system. Additionally, the system is domain-specific that only specific peoples who are familiar
with the dry port operation can easily understand the communication. In this way, the possibility

of applying this ADQS system for a specific domain can be tested.
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The second database which is selected for the implementation of the ADQS system is HRMS
which stands for the human resource management system. The Ethiopian Shipping and logistics
service enterprise uses a system called SES for managing the shipping business and human
resources. The Authors selected the tables and views from SES which are related the human
resource management with some modification and called it HRMS. This system is used to
manage the human resource of the Ethiopian Shipping and logistics service enterprise. It is
constructed using Oracle databases 11g and all nomenclatures are done with English characters.
The system is off-the-shelf in the way that the company bought from the software company
located outside Ethiopia. The ADQS selected five tables and five main views that are related to
the human resource management system. Some modifications to the selected views are done to
facilitate communication with the ADQS system. The reason why HRMS is selected for the
implementation of the ADQS system is that the system is developed by foreign developers with a

language other than Ambharic.

5.5 System Usage

The ADQS system is designed to make the interaction with the user friendly so that the user can
access the databases easily using the web browser. The System begins with Authentication as
only authorized users are allowed to access the system. Figure 5.1 shows the login page.

W ADQ x G 2 = o x

« C @ localhost8080/log Q % O 2 »0 :

Figure 5. 1 ADQS Login
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For the testing purpose, the credentials of some users are defined using the in-memory
authentication method of the spring boot security. The users are expected to write the IP address
of the server, port number, and the name of the system which is ADQS like
http://192.168.75.83:8081/ADQS.

Once the system authorized the user to enter into the system, the index page welcomes the user
by providing some introduction about the system. Figure 5.2 shows the index page of the ADQS
system. The index page is prepared to give an introduction about the ADQS system by defining
some important words and concepts that are used to describe the ADQS system. The system is
designed with a mix of English and Amharic language to avoid the language barrier to the
system. Annex N shows the Amharic content of the index page of the system. To display the
Ambharic content on the page, the Eclipse development tool allows changing the preference

encoding to UTF-8.

DATABASE ADQS HELP

Lo

ADQS

ADQS IS STANDS FOR AMHARIC DATABASE QUERYING SYSTEM AND
USED TO ACCESS THE CONTENT OF THE DATABASE USING AMHARIC
NATURAL LANGUAGE.

READ MORE

Figure 5. 2 Index page

Next, the users will go to the ADQS page to ask the system using the Amharic natural language.
Figure 5.3 shows the ADQS page
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http://192.168.75.83:8081/ADQS

YOU ARE AT

# Home= ADQSO ADQS

choose the database/m:y #+

© Copynight Addis Ababa University. All Rights Reserved
Developed by Beniyam L

s e w40

Figure 5. 3 ADQS page
As you can see from Figure 5.3, the users are expected to first choose the database as the ADQS
system implemented on two different databases. If they don’t have any information about the
databases, they can get the general knowledge by clicking the New to Database link. Annex N
shows the database page. This page displays information about the databases with a mix of
English and Amharic language. It first defines the database meaning and shows the two
databases that the ADQS is implemented on. It explains what each database does for the user and
the available information that the users can get from the database. Annex N also shows how the
database information is displayed to the user. Then the users describe the questions in the space
provided by the system. If the user confused how to write the question, they can see sample
queries by clicking Sample Query link. Annex N shows a sample query page. The query page
begins by defining the query and its usage. It also gives information for the user that three
clauses select, update, delete queries are included in the ADQS system. It then shows examples
of how to write Amharic questions with important tips taken from linguistics to remember the
user when they write a complete Amharic sentence. Annex N shows a detailed example of
Amharic questions with the generated SQL. Finally, the user will click the search button to

submit the question to the ADQS system. The system takes this Amharic question and the

75



selected database as an input and performs an analysis. After analysis or execution, three kinds
of responses will be returned to the user as an output. The first response is when the select query
is successfully executed. In this case, SQL queries will be returned to the user as shown in Figure
5.4. As you can see from Figure 5.4, a successful select query will show the questions entered by

the user, its equivalent Amharic SQL query, and finally the usual English based SQL query.

ADQS x [@& Apas X @& sample Queries x| + - o X

oDatabase=HRMS&AmharicQuestion=N"FF{l-+1+"Biniyam"+ PFLBIRL+ (AT T+ T+ 025 + AR &btnSubmit= a & 802 » e H

YOU ARE AT
CJ ADas >
# Home= ADQSD ADQS

TPE WFFEE- 1 Biniyam” PEPS 0ot T o om2F W8

AM query: SNAME 0'Biniyam’ #7LE§™c #UFs 0t hvwEmployee fer

SELECT * FROM vwEmployee WHERE SNAME LIKE "Biniyam%'

© Copyright Addis Ababa University. All Rights Reserved
Developed by Beriyam L

a Ema

Figure 5. 4 generated SQL query
Then the user will click the run button to execute the SQL query. Finally, the ADQS system will
display the required information based on the user query in the form of a table as shown in
Figure 5.5. As you see in Figure 5.5, the result and the input question are displayed on the same
page to provide another option for the user if they want to modify the question. They can
rearrange the column of the result which is displayed in the grid view by dragging and dropping
the column name in the order that the user wants. They can also select either specific or all rows

of the grid view and export the data to an excel sheet for further analysis.

The second response that the system displays for the user are when update or delete queries is
successfully updated/deleted as shown in Figure 5.6.
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X [& sample Queries x| 4 - a X

wEmployee +WHERE +SNAME

®
YOU ARE AT
.

# Home= ADQSO ADQS
O cont

choose the database/ec¥ &+

TFE: (FF@- (1 “Biniyam” fULET. ALAGTY oo 00LE A4E.

on ﬂ = O « "\: 9 < L | E» m A s &R =0 = £ AEg D G |

Figure 5. 5 Output

X @& sample Queries x| + - o X

a # 0z %0

& " s Pass+SET+Arrival Daf

# Home= ADQSD ADQS

The data is successfully updated/deleted

TPE: (0C %7C “00045™ @0 1007 oo bIEIC 220043 €3 0 “09/16/20127 decar

choose the database/oec¥ 23 v -
New To D

Figure 5. 6 Successful update/delete query response
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The last response of the system comes when an error or incomplete sentence to the system is
provided. One such case occurs when the user question is not complete so that the ADQS system
unable to extract the required information. Figure 5.7 shows the response when such kinds of
questions are entered into the system. Another kind of error might occur during query execution
by the database engine. In this case, the query is constructed successfully by the system;
however, during execution, some exceptions might occur. Figure 5.8 shows the response of the

system when an error occurs during query execution

ADQS [# apas X @& sample Queries x| + - g X

=
€ C @ localhost:3080/

yoDatabase=HRMS&AmharicQuestion=+N"+"Biniyam +Legesse + Tsehay”+ PHNABY+ 0=+ 0°/8 + NV&btnSubmit=

YOU ARE AT

# Home= ADQSD ADQS
B contacts
( Reports

b~ pomcE £ dimeTritable “ITTT AdFase:hah® h1R1s TP Phitihie::
Tf¢: e “Biniyam Legesse Tsehay” prane-3 et o2 A

choose the database/omcy 23 v - o
New To Database/me¥ %3

Figure 5. 7 response of the system for incomplete sentence
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ADQS X [& Apas X [& Sample Queries x| + - o X

=
< C' ® localhost8080/ConvertToSQl ?sqlEnglish=UPDATE +GatePass + SET+Arrival Date%3D%2715%2F 16%2F 2012927+ WHERE + GatePassID%30%2700045%27 &btnSubmit= aQ & (4 ISR e :

= @
Home

YOU ARE AT
# Home= ADQSD ADQS

Execution error/Tin oean A.F7T haFse::hah® PoLeneciT ¢ At
THE: (NC 47C “000457 @241 11007 oo bHAC 20T #7 01 “15/16/20127 0047

choose the databaseloecX 2i-

Figure 5. 8 response of the system when an error occurs during execution

5.6 Types of queries
The ADQS system handles three major types of queries namely select, update, and deletes
queries based on the clause. Under each type of query, the user might request different

information. All kind queries that the ADQS returns to the users are described below.

5.6.1 Select Queries

This kind of query is constructed by the ADQS system when the users request the system to
extract information from the database. The users freely express the question without restriction
as they communicate with other human beings. The only thing that they expected is to write a
complete sentence that has a meaning. The select queries types that are handled by the system
are described below in the order of complexity.

Type 1

This type of query is constructed when the user query doesn’t contain the where and having the
condition. The variant of this type 1 question with an example is described in Table 5.2. In the
table Order, Each, Aggregate, Top, all indicates when the keyword indicating the order by, each,

aggregate  function, top, and all respectively found in the user query
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Table 5. 2 Type 1 queries

Type | condition Sub condition Example(Ambharic) Example(English character) | SQL query

1.1 Each=false, Den, A& WTELIC DT Waci bado konateyanara SELECT * FROM
Aggregate=false, | S0 ©PeHPTT ot Wasata yalu mara jawochana | vwSearchSentToDjibouti2

A9Pen, . .

Top=false,All=true bamulu amaci

1.2 Each=false, OLA @O P (e Wdddib wasata yagabu mulu | SELECT [ContainerNo]
Aggregate=false, | D7EICT? hrBRIC konatinarochana konateyanar | FROM vwSearchGatePass?2
Top=false, All=false | #T¢TOTRIRFN | irachawans asnadatamata

1.3 Each=false, L 9> DTERIC OO gdbi mulu konateyandra SELECT COUNT(*) as total
Aggregate=true, T aOEPT A hAET wasata yalutona mdird FROM FullContainerProfile2
All=true Jjawocha bazata asayan

1.4 Each=false, AOTAChE OOT P7L0% aibatoloadida wasata SELECT COUNT(SNAME)

Order=false | Aggregate=true, QAT A a7 0 yamisaru saratanochs bozato | AS SNAME FROM

All=false Sonata nawa vwEmployee

1.5 Each=true, OALTETS P0G LAl baasyanadanadu ydsara SELECT COUNT(SNAME)
Aggregate=true O A0 QACATT | 5dibs wasata yaliwa AS SNAME,RANK_CODE

ark o T
yasaratanocho bozato sonato | FROM vwEmployee
niwa GROUP BY RANK_CODE

1.6 Each=false, PavEavg 0PET h(d- yamajamariyawochuns asora | SELECT * FROM
Aggregate=false, | AZ°0t AG1ETF oo amasata siratdnocha mulu | vwEmployee WHERE
Top=true,All=true T WP mdrdja amatalona ROWNUM<=15

1.7 Each=false, PavRav g OPEY Ad- yamajamariyawochuna asara | SELECT SNAME FROM
Aggregate=false, | AP0t QgHFT qig° amasata siratinocha soma | vwEmployee WHERE
Top=true,All=false HCHC APTAT Zorazora amoatalona ROWNUM<=15

1.8 Each=false, O, 0& b7ERIC 0T | WAci bado konateyanara SELECT * FROM
Aggregate=false, | f0F7 O0I9° RCEPT | \wosois valutons hulunamo vwSearchSentToDjibouti2
Top=false ADTERIC #TC PLI marajawocha ORDER BY [Container No]
All=true HrtA oL KPIT békonateyandira kutara

Order=true

kodamo takatalo masarats
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asokamota
1.9 Each=false, OLA OO P (e Wadéaba wasata yagabu mulu | SELECT [ContainerNo]
Aggregate=false, iz‘i’:zf} t;{'iﬁi?e(,:',c wnc | Komatindrochana konateyondr | FROM vwSearchGatePass2
Top=false,All=false BOIO A WHGavan kutrachdwana ORDER BY [ContainerNo]
bdkonateyandra kutora
kaddmoa tdkdtdlo
asnadatamdita
1.10 Each=false, avPavgf AR PTLTFET US| majamariya layo SELECT * FROM (
Aggregate=false, 2;;;3{; ";:T\ Z\Z ‘;’f yamiganutono haya sabato | SELECT * FROM
Top=true I APOMAT saratédnocho mulu margja vwEmployee ORDER BY
All=true békaddmo tikitdila kalaya EMPCODE desc) WHERE
Wada tacho aédmatulono ROWNUM<=27
1.11 Each=false, amPavs® AR PUTHET US| majamariya laya SELECT SNAME FROM (
Aggregate=false, 2:22; "f;ff;fﬁ“a yamiganutons haya sdbato | SELECT SNAME FROM
Top=true AT DAL DL T saratanocha soma zarazora vwEmployee ORDER BY
All=false APPMAY basamachawa kaddma SNAME desc) WHERE
tikdtdlo kdlayo wada tacha ROWNUM<=27
aamoatulona
Type 2

This type of query is constructed When the user query contains having a condition and doesn’t contain where condition. The variant of

this type 2 question with an example is described in Table 5.3. In the table Order, Each, Aggregate, Top, all indicates when the

keyword indicating the order by, each, aggregate function, top, and all respectively found in the user query.
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Table 5. 3 Type 2 queries

Type | condition Sub condition Example(Ambharic) Example(English Character ) | SQL query
2.1 Each=true, hE14 1% department NAD- | gsvanadanadu department SELECT COUNT(SNAME)
Aggregate=true AT O WACATE |y oian ) saratanochs wasots | AS SNAME,RANK_CODE
AHT DAAC DAL P17 . )
d yasaratanochu bazato kdasara | FROM vwEmployee
epartment AQ%
Order=false balaya yahonawana GROUP BY RANK_CODE
department asaya HAVING
COUNT(SNAME)>'10'
2.2 | Order=true | Each=true, AT 14 department NAD" | a5vanadanadu department SELECT COUNT(SNAME)
Aggregate=true, | A¢TT @AT RACHTE |y a1an; saratanochs wasats | AS SNAME,RANK_CODE
T DANC (AL PP+ ssaratanochu b ki FROM vWEmDI
department 0G4E yasaratanochu bazato kdasara vwEmployee
QW Peg° +nta oozt | balaya yahonéwana GROUP BY RANK_CODE
hag department basaratéanocho HAVING
bozats kodamo takatalo COUNT(SNAME)>'10'
masaréato asaya ORDER BY SNAME
Type 3

This type of query is constructed when the user query contains where condition and doesn’t contain having condition. In other words,
such type of questions occurs when the user requests to fetch the data from the database which fulfills certain conditions. The variant
of this type 3 question with an example is described in Table 5.4. In the table Order, Each, Aggregate, Top, all indicates when the
keyword indicating the order by, each, aggregate function, top, and all respectively found in the user query.

Table 5. 4 Type 3 queries

Type | condition Sub condition Example(Amharic) | Example(English Character) | SQL query
3.1 Each=false, (¢t “Biniyam saratana “Biniyam legesse | SELECT * FROM vwSalaryEarn
Aggregate=false, fegm"—YTse'jf’y 7 | Tsehay” békana “31-MAY- | WHERE SNAME="Biniyam
31- -20 e A '
Top=false 0o PTT DY LGN Aoty 20 yamlyaganaW;;_na ' Legesse Tsehay' AND
All=true av /% AT damozo mulu maraja sata DATE_TO="31-MAY-20'
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3.2

3.3

3.4

3.5

3.6

Order=false

Each=false, PALt5 “Biniyam yasdratana “Biniyam SELECT
Aggregate=false, ‘%}gqb@g};‘ym legesse Tsehay” CNT_PHONE1,CNT_PHONE?2
Top=false AR ETC 19 L4 tanok&sakasha asna yabeto FROM vwEmployee WHERE
All=false Koo saloka kutara kegoalo SNAME="Biniyam Legesse Tsehay'
mahadéru amata
Each=false, eaLt ¢oF@- 01 “01- | yalodato kdnachdwa bo “01- | SELECT COUNT(*) as total FROM
Aggregate=true, | DEC-1989" a5 “27- | DEC-1989 "asna “27-DEC- | vwEmployee WHERE
All=true DEC-1989" @uha | 1989 mahakéls yahonu BIRTHDATE BETWEEN '01-DEC-
f“::;’;‘;tﬁ {’fm yaaibataloadds 1989' AND '27-DEC-1989'
QW Koo sérataﬁoch?na mulu maréja
bazato amata
Each=false, PPTC LLEFO 1 “28- | yakotora gizeyachdwa k “28- | SELECT COUNT(SNAME) AS
Aggregate=true, ]?‘;L(‘;A‘:Jg ;i:?’% Jul-15" béfita yahonu SNAME FROM vwEmployee
All=false QA We-Faom AT ydaibataloadda WHERE APPLDATE<"28-Jul-15'
hAIND saratanochona bazata
anadatamatalona
aafalagalawe
Each=true, V1T “ETHQ” hégdrachiwa “ETHQ” SELECT COUNT(SNAME) AS
Aggregate=true :’]U’W A&t 006 | yehonutona siratinocha SNAME,RANK_CODE FROM
GATO hEERT s cora kafolachaws VWEmployee WHERE

OCTEET W
AJPMAT

adarajatého
yasaratanochuna bazato
amatalato

EMP_NATION=ETHQ' GROUP
BY RANK_CODE

Each=false,
Aggregate=false,
Top=true
All=true

n¢7 “09/16/2012”
oL @\ -t
av<ie nrELICT O
PavPav OPET ANC
DrERICT avf avl B
Py

békana “09/16/2012”
wadaba wasata kagabuto
mulu konateyanadro wasata
yaméajamariyawochuna asara
konateyandrocha mulu
maraja asayno

SELECT TOP 10 * FROM
vwSearchGatePass2 WHERE
[Arrival Date]='09/16/2012'

83




3.7 Each=false, n+7 “09/16/2012" | bakana “09/16/2012” SELECT TOP 10 [ContainerNo]
Aggregate=false, | @0 @-aT halt+ wadaba wasata kigéabuts FROM vwSearchGatePass2
Top=true ::D;;Z?ﬁgizzm mulu konateyanadra wasata WHERE [Arrival Date]
All=false NIEIET AAPT yamajamariyawochuna asara | ='09/16/2012'
konateyandrocha asayna
3.8 Each=false, n“Jimma ba “Jimma University” SELECT * FROM vwecertificates
Aggregate=false, | University” ¢Tovd® | yatamaraku ydaibataloaid> | WHERE ISSUED_AT='Jimma
Top=false 5{::*2";5 n";f;f 7 | saratanochons mulu mérdja | University’ ORDER BY EMPCODE
All=true kA, Ko bdkaddma tdkdtdlo admata
39 | Order=true e —faise, (-5 “Biniyam saratana “Biniyam legesse | SELECT B_AMOUNT FROM
Aggregate=false, | Legesse Tsehay” | Tsehay” békdna “31-MAY- | vwSalaryEarn WHERE
Top=false 0#7 "31-MAY-20" | 20~ yamigabalatone damozo | SNAME='Biniyam Legesse Tsehay'
All=false fl‘;?g;‘n"i Z f:’“ béikaddima tikitils AND DATE_TO=31-MAY-20'
QFaomAT 97 bataméatalone mana ORDER BY B_AMOUNT
LaPAAVA yamasalohalo
3.10 Each=false, arFo- 0 “B” Somachaws ba “B” SELECT * FROM (SELECT *
Aggregate=false, | NLRI4 QG 5F kmijamaru saraténocha FROM vwEmployee WHERE
Top=true :‘[’C‘i]hjn‘;"ﬁ"j;”f? mahakala SNAME LIKE 'B% ORDER BY
All=true >t B A yamacarasawochunas aroba | EMPCODE DESC) WHERE
sosita saratdnochana mulu ROWNUM<=43
méardja satano
3.11 Each=false, aTPro- 0 “B” Somachawz ba “B” SELECT SNAME FROM
Aggregate=false, | N7LRI4 QG 5F kmijamaru sdraténocho (SELECT SNAME FROM
Top=true ;""C‘i}hﬁh‘;"’;‘z’gﬁ? ' | manakalo vWEmployee WHERE SNAME
All=false yamacarasawochuno aroba | LIKE 'B%' ORDER BY EMPCODE

HCHC Am™}

sosita saratanochans somo
Zorazors Satano

DESC) WHERE ROWNUM<=43
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Type 4

This type of query is constructed when the user query contains the where and having condition. In other words, such type of questions
occurs when the user requests to fetch the data from the database which fulfill certain conditions for a single or group of records. The
variant of this type 4 question with an example is described in Table 5.5. In the table Order, Each, Aggregate, Top, all indicates when

the keyword indicating the order by, each, aggregate function, top, and all respectively found in the user query.

Table 5. 5 Type 4 queries

Type | condition Sub condition Example(Amharic) | Example(English SQL query
Character)
4.1 Each=true, v1cFo- “ETHQ” hagdrachiwa “ETHQ” SELECT MAX(B_AMOUNT) AS
Aggregate=true | fUFT A&t 0G| yononutons sératinochs B_AMOUNT,RANK_CODE
2;::;??12%3, bayasara kofalu kefafalaho | FROM vwSalaryEarn WHERE
Order=false 1AL, PUWIT Qo kafotdna damozachawas kd | EMP_NATION="ETHQ' GROUP
A “1000” balaya yahonutono | BY RANK_CODE HAVING
saratanocho satna MAX(B_AMOUNT)>'10000'
4.2 Order=true | Each=true, vicFo- “ETHQ” hédgdrachdiwa “ETHQ” SELECT MAX(B_AMOUNT) AS

Aggregate=true,

P'HFT (ST NPOC-
h&n né-GAU e Hs
L9PHFm- h “10000”
NAL PP~ NLIPHF M-
PLI° 0t avalt
aqPgep

yehonutana sdratdnocha
bayasara kofalu kefafoldha
kafatdna ddmozachéawsa ka
“1000” balaya yahonwana
badamozachawa kadamo
takatalo asokamota

B_AMOUNT,RANK_CODE
FROM vwSalaryEarn WHERE
EMP_NATION='ETHQ' GROUP
BY RANK_CODE HAVING
MAX(B_AMOUNT)>'10000'
ORDER BY B_ AMOUNT
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5.6.2 Update Queries
This kind of query is constructed by the ADQS system when the users want to update specific records that are found in the database.

In this query, the users are expected to write a complete statement freely using Amharic plain text. This type of query occurs only

when the user question contains a where condition. This there is only one type of update query as shown in Table 5.6.

Table 5. 6 Update query

Type

condition

Example (Amharic) Example (English character)

SQL query

5.1

Where
condition=True

PtMPODT (GG vFEL
N hL:¢A “iIMMA Ethiopia”
ALCr10-

(19PAf & TC “N245" Bamaélaya kutara “11245” yéatatakasawana
saraténa manoriya bota adorasa “JiMMA
Ethiopia” adaragawa

UPDATE CRWO002 SET
CNT_CITY=JiIMMA Ethiopia’
WHERE EMPCODE="11245'

5.6.3 Delete Queries
This query is constructed when the users want to delete a specific or all records from the database. The users in this case are expected

to write a question that has a complete meaning. Table 5.7 shows delete query types that are generated by the ADQS system.

Table 5. 7 Delete queries

Type | condition example Example (English character) SQL query
6.1 A7FF@- (| “Emrias” P7LECI047 | Symachaws ba “Emrias” yamijamoru, | DELETE FROM CRWO010
03/05/1978" ETONG WG PTOAL | avan, «03/05/1978” vatawaladu dna | WHERE SNAME LIKE
Where OFFO “ANRPE OACETT a0l%

condition =true

AQDIL:

yatowalada botachdwa “4.4” yéhonu
saratéanochono maraja asowagodo

'Emrias%' AND
BIRTHDATE='03/05/1978'
AND BIRTHPLACE='A.A'

6.2

Where
condition=false

Oen, 012 PrELIC O-OT PADT
U 79° a0l 8 W Mm@ AHUAD-

Waci bado konateyanara wasata
yalutona hulunama méaréaja
adnodotatafawo azohalawa

DELETE FROM
GalaffeHeader2
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5.7 User selection

For testing the Amharic database querying system, 18 different users from a different department
with different job positions were selected. The testers are employees of Ethiopian Shipping and
Logistics Service Enterprise. The mother tongue languages of the testers also include languages
other than Amharic. Most of the testers are not familiar with the databases that were selected for
the implementation of the ADQS system. Few of them are familiar with the databases as they are
currently working either as an end-user or as a support team. The testers accessed the ADQS
system using web browsers that are installed on their personal computer. The endpoints and the
credentials are given to the user to test the system. A total of 170 questions were collected from

the mentioned users and the result was described in the next section.

5.8 Evaluation

The prototype is evaluated based on the result obtained from the tester based on the above user
selection. The confusion matrix is used to describe the performance of the ADQS system. The
confusion matrix is a performance table with 4 different combinations of the predicted and actual
values. The only thing that the AQDS system requires to generate SQL queries is to have a
complete sentence and valid statements. Thus generally the Amharic statements that are gathered
from the tester are classified into valid and invalid statements. The valid statements are
statements without error that convey a complete meaning. These statements are also valid to the
system so that the ADQS system is expected to give an output. On the other hand, invalid
statements are statements which are identified based on the scope of the research that is
explained in section 1.6. These are statements that have an either syntactic or semantic error. A
question whose output generation depends on the analysis of the value stored in the table is also
considered as invalid according to the scope. In complete statements are also under this category.
Table 5.8 shows the confusion matrix of the testing result.

Table 5. 8 Confusion matrix

N=170 Correctly answered Incorrectly answered
Valid questions TP=137 FN=12 TT=149
Invalid questions FP=0 TN=21 FT=21
PT=137 NT=33
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From the above confusion matrix, the measurement shown in Table 5.9 is drawn. Based on the
test result, it is indicated that the system accuracy is 92%.

Table 5. 9 Performance measurements

No | Measurement Value (%) | Description

1 Accuracy (TP+TN)/N | 92% It describes how often the system is correct when
valid and invalid questions are given

2 Error (FP+FN)/N 8% It describes how often the system is wrong when
valid and invalid questions are given

3 Precision (TP/PT) 100% It describes how often are the questions valid when
the system answers correctly

4 Recall (TP/TT) 91% It describes how often the system answers correctly
when a valid question is given.

5.9 Discussion
From the above result, it is clear that some factors affect the performance of the system. In the
ADQS system, the issues that affect the performance of the system can happen during query

generation or query execution.

The test result shows that these errors occurred due to three reasons. One of them might occur
due to syntax errors. As it was explained in the scope of the system, spelling checking is out of
the scope of the system. As a result, the users might make a mistake while typing the questions.
The question might not be a complete sentence so that it can’t have a meaning. This is not
corrected by the ADQS system. The system may alarm the users if the required information is
not provided. The second types of error are semantic errors. In this case, the question doesn’t
have any syntactic errors, but it doesn’t transfer a complete meaning. The users might request a

question about a given relation name using attributes of other relations.

The third type of issue that affects the performance of the system is due to system limitations.
Even if the user question is correct syntactically or semantically, the system might not respond to
the user as expected. From the test result that was observed during the testing phase, this has
happened when the classifier tags the required(R) and filter attribute (A). It misplaces the tag of
the above attributes. This is because these two attributes share many features in common. Some
features distinguish these attributes. Thus if questions are amended to support those unique
features, the issue will be solved. The second error that comes from the system limitation is that

it responds incorrectly to the questions that are out of the scope of the project. In this case, the
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system must alarm the user that this is out of its project. The next error that has occurred during
the system test comes due to the description missing. For those where or update values, the users
are expected to describe the values explicitly. If that is not satisfied, the system guesses the
appropriate attribute based on some general fact. During this time some errors might occur.
Again this can be solved by amending the question to include a description of each of the values

provided by the user.

For errors that have occurred during query execution, appropriate tables selection plays a greater
role. If the table name is not expressed explicitly in the user’s question, it is the responsibility of
the ADQS system to determine the appropriate relation name. However, some tables might
overlap with each other. Even if the SQL query generated by the ADQS system is correct, the
required information might not exist in the table that overlaps to other tables. Additionally,
during the update and delete query execution, some errors have occurred even after successful
SQL query generation. This is because the referenced record may not exist in that table, or it may
be referenced in another table so that referential integrity error might occur. This all can be

solved at the database designing phase.

The pre-processor module plays a greater role for the accuracy of the ADQS system. In the
absence of pre-processor, there is a high probability that important where and update values can
be missed. The Tag modifier is also another important module of the ADQS which affects the
performance of the ADQS system. Figure 5.9 shows the accuracy of the system with presence

and absence of the pre-processor and Tags modifier.

Comparison of the accuracy

S (A0 with oaldl modules
s (B) with out Tag modifier
{(C) with out pre-processor
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Figure 5. 9 comparison of accuracy of the system with different modules
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Chapter Six: Conclusion and Recommendations
In this chapter, the research works that have been done for the development of the ADQS system

will be summarized. Additionally, tasks that can be updated or added to this research will be

discussed in the Recommendation.

6.1 Conclusion

Nowadays, user activities depend on the information that is distributed in different parts of the
world. One of the major sources of information is the database. To access the contents of the
database, the users are required to know structured query language (SQL). If users want to access
information from the database, they are required to know the English language, structured query
language/SQL queries, and they are required to know the physical structure of the database. To
minimize these steps, the natural language interface to the database comes into place. This work
is proposed as one application of NLIDB to allow users to access the content of the database

using Amharic natural language.

Before the design and implementation of the prototype of this master’s research, the structure of
Ambharic language, the natural language interface to the database, and the structure Query
language have been studied. Other research works that are related to the Natural language
interface to the database using various languages give background knowledge to the techniques
and the approaches used in the development of NLIDB. A dataset comprising each word of a
given Amharic statement is collected and tagged with an appropriate output variable. From the
structure of the Amharic statement, features which are used for the identification of the output
variables are identified. The morphological analyzer and stemmers are used to find the root or
stem word of the Amharic sentence before the features are given as input to the classifier. The
semantic free grammar is used to map the identified tag to the query element. The query
constructor is responsible to construct SQL query using the query element which is identified by
the query element identifier. Based on the design, a prototype called Amharic database querying
system (ADQS) was developed using Java and Python programming language. The ADQS
system was deployed in the Ethiopian Shipping and Logistics service enterprise network using
the apache tomcat server for testing purposes. Two databases, HRMS and DPOIS are selected to

implement the ADQS system. These databases are constructed using Oracle and Microsoft SQL
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Server. The users from different departments with different background knowledge are selected

to test the system. The experimental result shows 92% of accuracy.

The natural language interface to the database using Amharic language avoids the barrier to the
SQL and English language for Amharic language speakers. The implementation of this Amharic
database querying system enables the user to access the content of the database using the
Ambharic language. This makes human’s communication with the computer to be more flexible

and user friendly.

6.2 Contribution of the Research

Accessing the content of the databases using Amharic language is one application of NLIDB for
Ambharic speakers. The users directly access the database using the Amharic natural language
instead of formulating the formal SQL query. In general, the contribution of this Master’s

research can be summarized as follows

e The research can serve as a foundation for accessing content of database using
Ethiopian language without detail knowing the internal structure of the database

e The research constructs an equivalent SQL query for the user question that are
written without any restriction

e The use of the concept of semantic grammars handles linguistic issues

e The pre-processing techniques can be used for other applications

6.3 Recommendations

The ADQS system is developed to enable users to interact with the database using natural
languages. This creates an environment where the users communicate with computers similarly
as they communicate with other humans. The system includes a way to generate many types of
SQL queries based on the user’s input. It analyzes the user questions and generates an
appropriate SQL query. However, its usability can be extended to analyze the values stored in
the database. Additionally, the remaining queries such as sub queries that are not covered in this

research can also be added to extend its coverage area.
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Annexes

Annex A- Algorithm for graphical user interface
Input: AmSentence, Db, Model type mdl, sglEnglish
Output: Required information
Initialize IsExecute variable to a false, Export variable to
false, the verb to empty string, ErrorFlag to false,
ExecutedResult to false, SuccessFlag to false
If not IsExecute
FindQuery ()
Else
ExecuteQuery ()

Method FindQuery ()
Try
Initialize rslt to false, amQry to false, error variable to
false, x to 0,line to empty string
Assign AmSentence to Sentence, DatabaseName to Db
Initialize pythonPath to DataCollection.py path
Create array name cmd having 4 indexes
Assign cmd[0] to python,cmd[1l] to pythonPath,cmd[2] to
Sentence,cmd[3] to Db
Create RunTime variable rt,create process variable pr
Execute the array with rt and assign the result to pr
Create BufferedReader object bfr and read the Input stream of pr
While bfr.readLine() is not null
If x is 2
Assign bfr.readLine() value to rslt
Else if x is 1

Assign bfr.readLine () value to amQry
Else if x is O
Assign bfr.readlLine () value to error variable
Else if x is 4
Assign bfr.readLine () value to verb
Increment x by one
End while
ErrorOrSuccess ()
Catch

Assign mdl attribute of the error to “Execution Error”
Assign mdl attribute of InputQuestion to Sentence
Set IsExecute to false, ExecuetedResult to false, ErrorFlag to true
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Assign mdl attribute of InputQuestion to Sentence
Assign mdl attribute of btnExecute to IskExecute
Assign mdl attribute of ExecutedResult to IsExecute
Assign mdl attribute of ErrorFlag to ErrorFlag

Method ErrorOrSuccess ()
If x is 1
Assign mdl attribute of the error to error variable
Set IsExecute to false, ExecuetedResult to false,ErrorFlag to True
Assign mdl attribute of InputQuestion to AmSentence
Assign mdl attribute of btnExecute to IsExecute
Assign mdl attribute of ExecutedResult to IsExecute
Assign mdl attribute of ErrorFlag to ErrorFlag
Else if x is greater than 1
Concatenate “AM query:” with amQry and assign to amQry
Concatenate “7f%:” with amQuestion and assign to amQuestion
Assign mdl attribute of AmQuery to amQry
Assign mdl attribute of EngQuery to rslt
Assign mdl attribute of AmQuestin to amQuestion
Set IsExecute to true,ExecuetedResult to false,ErrorFlag to false
Assign mdl attribute of btnExecute to IsExecute
Assign mdl attribute of ExecutedResult to IsExecute
Assign mdl attribute of ErrorFlag to ErrorFlag

Method ExecuteQuery ()
Initialize session variable to null,transation variable to null,gry
to sglEnglish

Try
If Db equals “DPOIS”
Call getSessionFactoryMSSqgl () and assign the result to
session variable
Else
Call getSessionfactoryOracle() and assign the result to
session variable
SelectOrUpdateOrDelete ()
Catch

Assign mdl attribute of error to “Execution Error”

Assign mdl attribute of InputQuestion to Sentence

Set IsExecute to false,ExecuetedResult to false,ErrorFlag to true
Assign mdl attribute of InputQuestion to Sentence

Assign mdl attribute of btnExecute to IsExecute

Assign mdl attribute of ExecutedResult to IsExecute

Assign mdl attribute of ErrorFlag to ErrorFlag
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Method SelectOrUpdateOrDelete ()
If the verb is equaled to “PiT”
Begin transaction using session.beginTransaction ()
Execute native query using createNativeQuery(gry) assign to
outputQuery
Map the outputQuery column name to table name using
ALIAS TO ENTITY MAP
Convert the outputQuery to list and assign to the output
Commit the transaction
Set the export variable to true
Concatenate “7f%:” with Sentence and assign to amQuestion
Set IsExecute to false, ExecuetedResult to true
Assign mdl attribute of Output to output
Assign mdl attribute of Export to export
Assign mdl attribute of AmQuestion to amQuestion
Assign mdl attribute of btnExecute to IsExecute
Assign mdl attribute of ExecutedResult to IsExecute
Assign mdl attribute of EngQuery to qry
Else
Begin transaction using session.beginTransaction ()
Execute query using createNativeQuery(gry) .executeupdate assign
to NoOfQuery
Commit the transaction
If NoOfQuery >0
Set IsExecute to false, ExecuetedResult to
false, SuccessFlag to true
Assign mdl attribute of InputQuestion to Sentence
Assign mdl attribute of btnType to IsExecute
Assign mdl attribute of ExecutedResult to ExecutedResult
Assign mdl attribute of SuccessFlag to SuccessFlag
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Annex B- Algorithm for stemmer

Create
Create
Create
Create
Create
Create
If the

and
and
and
and
and
and

initialize
initialize
initialize
initialize
initialize
initialize

originalword to word
Prefix to false

Suffix to false
PrefixIndex to -1
SuffixIndex to -1

stem to the empty string

first character of the word is ‘g’

Convert ‘g’

into ‘fA’, concatenate with the remaining

character and assign to the word

If a word is not in punctuation and word is not in digits and word is

not in
not in

Method
If the

ascii letters and word is not in stop punctuations and word is

Wanted punctuations

FindPri

fixAndSuffixIndex ()

FindPrefixAndSuffixIndex ()
length of a word is greater than or equal to 3

If the leng

th of the word is 3 and equal to ‘ntg’

Add ‘h’ before the word and assign to a word

Cr
If the leng

Else 1if the

Else if the

Else if the

Else 1if the

eate and initialize newword to word, subchar to 0
th of neword is greater than 5
Set subchar=4
length of newword is equal to 5
Set subchar=3
length of newword is equal to 4
Set subchar=2
length of newword is equal to 3
Set subchar=1
length of newword is equal to 2
Set subchar=0

For j starting from subchar up to -1

If the subword starting from O up to j+1 index is in Noun Prefix

Set Prefix to true

Set PrifixIndex to J

Break out o

f the for loop

If the length of the word starting from PrifixIndex+l is greater

than or equal to 3

Assign subword from PrifixIndex+l to newword

If the length of neword is greater than 5

Else if the

Else 1f the

Else if the

Set subchar=4

length of newword is equal to 5
Set subchar=3

length of newword is equal to 4
Set subchar=2

length of newword is equal to 3
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Set subchar=1
Else if the length of newword is equal to 2
Set subchar=0
For k starting from length of a word -subchar up to a length of a word
If the subword starting from k up to a length of word +1
is in Noun Prefix
Set Suffix to true
Set SuffixIndex to k
Break out of the for loop
CutThePrefixAndSuffix ()

Method CutThePrefixAndSuffix ()
If Prefix and Suffix is true
Take the word from PrifixIndex+l to SuffixIndex and assign to word
Take the word from 0 to length of word -1
ConvertCharacter (last character,5) and assign to lastchr
Concatenate word and lastchr
If Prefix is true and Suffix is false
Take the word from PrifixIndex+l to the length of the word and
assign to word
Take the word from 0 to length of word -1
ConvertCharacter (last character,5) and assign to lastchr
Concatenate word and lastchr
If Prefix is false and Suffix is true
Take the word from 0 to SuffixIndex and assign to a word
Take the word from 0 to length of word -1
ConvertCharacter (last character,5) and assign to lastchr
Concatenate word and lastchr
If Prefix is false and Suffix is false
Take the word from 0 to length of word -1
ConvertCharacter (last character,5) and assign to lastchr
Concatenate word and lastchr
If it is for guess
If a word is found in Stem word for guess
Set stem to word
If it is for AllKey
If a word is found in Key word All
Set stem to word
If it is for Each
If a word is found in Key word Each
Set stem to word
If it is for Order
If a word is found in Key word Order
Set stem to word
If it is not for guess and AllKey and Each and Order
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If a word is found in Stem Noun
Set stem to word

Method ConverAmharicCharacter ()
Input: givenCharacter, IndexNeeded
Output:NewCharacter
If givencharacter is not found in punctuation, ASCII letters, and
digits
Find the Unicode of a givenCharacter and assign it to
uniGivenCharacter
Find the remainder when uniGivenCharacter divide by 4608 and
assign it to Reminder
If Reminder is greater than or equal to 8
Find the remainder when Reminder divide by 8 and
assign it to Reminder
If Reminder is greater than or equal to IndexNeeded
Subtract IndexNeeded from Reminder and assign it to subt
Subtract subt from uniGivenCharacter and assign it to
uniNewCharacter
Find the character representation of uniNewCharacter and
assign it to NewChar
Else
Subtract IndexNeeded from Reminder and assign it to subt
Add subt and uniGivenCharacter and assign it to
uniNewCharacter
Find the character representation of uniNewCharacter and
assign it to NewChar
Return NewChar

102



Annex C- Algorithm for number identification and conversion
Inputs: split words & split stem words
Output: words as digits & split stem words
Create and initialize NumberCorrl to 0, NumberCorr to 0,Create
and initialize firstIndex to -1, RemovedCharacter to 0, j to
0,Create and initialize val to None, val2 to None,val3 to None,
While J is less than length of split words
Search stem of word in OneDigits dictionary and assign
value to val
If val is None then Search stem of word in TwoDigits
dictionary and assign value to val2
If val2 is none then Search stem of word in ThreeDigits
dictionary and assign value to val3
If val is not None and j is less than length of the spit
words minus 1
If firstIndex is -1 then set firstIndex to j
Call ConvertToDigit (val, stem word at j) and
assign to NumberCorr
If NumberCorr is not equal to 0 then
Increment j by two, increment RemovedCharacter by two
Else if val2 is not none and j is less than length of the
spit words minus 1
If firstIndex is -1 then set firstIndex to j
Call ConvertToDigit(val2,stem word at j) and assign
to NumberCorr
If NumberCorr is not equal to O
Increment j by two, increment
RemovedCharacter by two
Else if val3 is not none and j is less than length of the
spit words minus 1
If firstIndex is -1 then set firstIndex to j
Call ConvertToDigit(val3,stem word at j) and assign
to NumberCorr
If NumberCorr is not equal to O
Increment j by two, increment
RemovedCharacter by two
If NumberCorr is not equal to O
Sum NumberCorrl and NumberCorr and assign to
NumberCorr
Assign NumberCorr to NumberCorrl
Else
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method
Input:

Output:

Create
Create
If sum

Else

Return

Create and initialize v to O

If val is not none then assign val to v

Else if val2 is not none then assign val2 to v
Else if val3 is not none then assign val3 to v
If v is not equal to O

Sum NumberCorrl and v and assign to NumberCorr
Assign NumberCorr to NumberCorrl,

increment RemovedCharacter by one

If v is equal to 0 and firstIndex is not equal
to -1 then break out of the loop

Increment j by one,set val ,val2 ,val3 to
none, NumberCorr to 0

Remove converted words from the sentence

and from the stem sentence

ConvertToDigit ()

firstDigit, SecondLetter,sum initialized to false
number in digit

and initialize NumberOfZeros to empty string

and initialize NumberCorr to O

is true
Search Secondletter in OneDigit dictionary and assign
the value to val
If val is not none
Sum firstDigit and val , assign the sum to
NumberCorr
If SecondLetter is found in ThreeDigits Dictionary
then Set NumberOfZeros=’00’
Else if SecondLetter is found in FourDigits
Dictionary then Set NumberOfZeros=’'000’
Else if SecondLetter is found in SevenDigits
Dictionary then Set NumberOfZeros=’'000000"
Convert firstDigit in to string and assign it to
NumberCorr
Concatenate NumberCorr and NumberOfZeros and assign to
NumberCorr
NumberCorr
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Annex D- Dictionary of Numbers

Onedigits={0:"BEC',1:"A2&",2:"v:\TF",3:"00 ", 4:"AeT', 5: AP0,
6:'aLat", 7:'A0t" , 8: A, 9: "HM ' }

Twodigits={10:"AOC',20:'VL"',30:'aAa0',40:'ACN"',50:'v9°a', 60: "aAO’
,70:'a0" ,80:'097722"',90: "Hm?' }

Threedigits={100:"e>}"'}

Fourdigits={1000:"'0AvV"}

Sevendigits={1000000: ("“1.AL7', '“LALT') )}
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Annex E- Algorithm for concatenation
Input: split word, split stem word
Output: a split word with concatenation, split stem word with
concatenation, stem order keys
While m is less than the length of a split word
Create and set word to split stem word at m
If m is greater than 0 and the word is found in
WordsForConcatenation:
Find a stem of the previous word and assign to stem
If the stem is found in WordsToConcatenation
dictionary
Concatenate word at m and m-1 by hyphen and
assign to compoundword
Concatenate stem word at m and m-1 and assign
to compoundstem
Set word at m to compoundword
Set stem word at m to compoundstem
Remove word and stem word at m
Decrement m by one
If a stem word at m is not empty and found in
WordsToConcatenation dictionary
Concatenate word at m and m-1 by hyphen
and assign to compoundword
Concatenate stem word at m and m-1 and
assign to compoundstem
Set word at m to compoundword
Set stem word at m to compoundstem
Remove word and stem word at m
Decrement m by one

Increment m by one
Find a stem of order key if they present in the split words and
assign to orderkeys
Find also order sequence type if it present in the split words
and assign to orderSequence
Set orderFlag to true if the order indication keyword found in
split words and assign to Hasorder
Concatenate order keys by a hyphen and remove the old order keys
Return split word, split stem word, split stem order keys
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Annex F- Algorithm for POS Tag determiner
Input: sentence array, index
Output: pos tag
Create and initialize Pos variable to 'N’,prefix to false,suffix
to false,prifixIndex to -1,
suffixIndex to -1, word to sentence array at index
if (stem of a word is found in Key word All or in Key word count
or in Key word Each or in Key word Order or in
Key word Condition or in Key word Aggregate function)
set pos to ‘K’
Else if the stem of a word is found in Key word conjuctions then
set pos to ‘C’
Else if the stem of a word is found in Stop word then set pos to
‘S'Else
If word if found in verb select Underived
Set pos to W1’, quite out of the function
If the length of a word is greater than or equal to 3
Create and initialize newword to word, subchar to 0
If the length of newword is greater than or equal to
5 then Set subchar=4
Else if the length of newword is equal to 5 then Set
subchar=3
Else if the length of newword is equal to 4 then Set
subchar=2
Else if the length of newword is equal to 3 then Set
subchar=1
Else if the length of newword is equal to 2 then Set
subchar=0
For j starting from subchar up to -1
If the subword starting from 0 up to j+1
index is found in Prefixes
Set Prefix to true, Set PrifixIndex to j,
Break out of the for loop
If the length of the word starting from
PrifixIndex+l is greater than or equal to 3
Assign subword from PrifixIndex+1l to
newword, set subchar to 0
If the length of neword is greater than or
equal to 7 then Set subchar=5
Else if length of newword is equal to 6 then
Set subchar=4
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Else if length of newword is equal to 5 then
Set subchar=3
Else if length of newword is equal to 4 then
Set subchar=2
Else if length of newword is equal to 3 then
Set subchar=1
Else if length of newword is equal to 2 then
Set subchar=0
For k starting from length of a (word -
subchar) up to the length of a word
If the subword starting from k up to
length of word +1 is in Suffix
Set Suffix to true, Set
SuffixIndex to k
Break out of the for loop
CutThePrefixAndSuffixVerb ()

Method CutThePrifixAndSuffixVerb ()

If Prefix and Suffix is true
If the next two characters are in prefixes then take a
a word from preifixIndex+3 to SuffixIndex
Else If the next one char is in prefixes then take a word
from prefixIndex+2 to SuffixIndex
Else if the word starts with ‘aAd’ then take a word
‘W +from prefixIndex+2 to SuffixIndex
Else Take the word from PrifixIndex+l to SuffixIndex and
assign to word
Convert each character using ConvertCharacter (each
character,5) and assign to the word
If Prefix is true and Suffix is false
If the next two characters are in prefixes then take a
A word from preifixIndex+3 to the end
Else If the next one char is in prefixes then take a word
from prefixIndex+2 to the end
Else if the word starts with ‘ad’ then take a word
‘W +from prefixIndex+2 to the end
Else Take the word from PrifixIndex+l to SuffixIndex and
assign to word
Convert each character using ConvertCharacter (each
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character,5) and assign to a word
If Prefix is false and Suffix is true
Take the word from 0 to SuffixIndex and assign to a word
Convert each character using ConvertCharacter (each
character,5) and assign to a word
If Prefix is false and Suffix is false
set the word to sentence array at index
Convert each character using ConvertCharacter (each
character,5) and assign to the word
If a word is found in Verb select then Set pos to ‘VI1’
Else if the word is found in Verb update then set pos to ‘W2’
Else if the word is found in Verb delete then set pos to ‘W3’
Else if the word is found in Verb All then set pos to ‘W’
Else st pos to N
Return pos
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Annex G- Keywords

No

Keyword

Description

1

Key Word_All

Key Word_Top

Key Word_Last

Key Word_Each

Key Word_Aggregate_Count

Key Word_Aggregate_Sum

Key Word_Aggregate Maximum

Key Word_Aggregate_ Minimum

Key Word_Aggregate Average

This keyword is used to identify words that are used

for selecting all attributes or all information. E.g
U790

This keyword is used to identify words that are used

for selecting the nth first record of the table. E.g
Pavavg e

This keyword is used to identify words that are used
for selecting the nth last record of the table. E.g
PIVERLLAD Y

This keyword is used to identify words that are used
for grouping records of the table. E.g 0A¢747%%

This keyword is used to identify words that are used
for counting records of the table. E.g a7+

This keyword is used to identify words that are used
for adding records of the table. E.g &9°¢7

This keyword is used to identify words that are used

for finding the maximum record of the table. E.g
TARY

This keyword is used to identify words that are used

for finding the minimum record of the table. E.g
T

This keyword is used to identify words that are used
for finding the average of the records. E.g A9

10

Key Word_Order

This keyword is used to identify words that are used
for displaying the record in some order either
ascending or descending. E.g n¥L° +h-ta
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Annex H- Conditions

No

conditions

Description

1

Key word_condition_equal

Key_word_condition_not_equal

Key_word_condition_greater

Key_word_condition_less

Key_word_conditon_between

Key word_condition_start

Key_word_condition_end

This condition is used to identify words that are
used for filtering the record based on equality.

This condition is used to identify words that are
used for filtering the record based on inequality.
This condition is used to identify words that are
used for filtering the record which is greater than
some value.

This condition is used to identify words that are
used for filtering the record which is less than
some value.

This condition is used to identify words that are
used for filtering the record which are between
some values.

This condition is used to identify words that are
used for filtering the record which starts with some
value.

This condition is used to identify words that are
used for filtering the record which ends with some

value.

Key_word_condition_InBetween

This condition is used to identify words which are
used for filtering the record which contains some

value
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Annex I- Algorithm for clause determiner
Input: Tagged Sentence, features
Output: clause

Create and initialize clause to empty string, ActualV to false,

Actualvl to false,
ActualV2 to false, ActualV3 to false
Unzip tagged sentence to Words and Tags
For each word in Words
If the POS tag is V, then set ActualV to true

Else if the POS tag is V1, then set ActualVl to true
Else if the POS tag is V2, then set ActualV2 to true
Else if the POS tag is V3, then set ActualV3 to true

Create and set NoOfV to the number of ‘W’ in Tags
Create and set NoOfVlto the number of V1’
Create and set NoOfV2 to the number of ‘W2’
Create and set NoOfV3 to the number of ‘W3’

If NoOfVl is greater than NoOfV2 and NoOfV3 then set clause to

‘oL

If NoOfV2 is greater than NoOfV2 and NoOfV3 then set clause to

\(\(Dq'f\l

If NoOfV3 is greater than NoOfV2 and NoOfVl then set clause to

‘AT’

If NoOfV is greater than NoOfV1l and NoOfV2 and NoOfV3 then set

clause to ‘%471’
If the clause is still empty and ActualVl is true then
clause to ‘i1’
Else if the clause is still empty and ActualVl is true
the clause to ‘A@o-p’
Else if the clause is still empty and ActualV3 is true
the clause to ‘AT4%’
If the clause is empty then
For each word in Words
If a word is in verb select question word
(verb select undrived and it is at the end)
Set clause to ‘7Par’
Break out of the loop
If the clause is still empty then

set the

then set

then set

or in

Display an alarm message to indicate that the system

is not able to get the table name
Exit the system
Return clause
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Annex J- Algorithm for table identification

Input: tagged sentence,database name,stem of words,clause

Output:table name,column , tagged sentence
Unzip tagged sentence into words and Tags
Create and initialize tablename to none, column
NoOfTable to the count of ‘T’ tag
If NoOfTable is 1
take the stem of the word at index ‘T’ tag
tablename
find the root node of the tablename in the
If tablename is not none and ‘V1’ is found

to empty,

and assign to

dictionary
in Tags or

If (tablename is not none and ‘W1’ is not in Tags and the

tablename does not begin with ‘vw’)

concatenate database name, tablename,‘}

set to column
Else
Convert the tag to list
If the stem of the word at ‘T’ index
modify this tag as 'S’
Else if ‘W1’ is found in Tags

columns’ and

is empty then

If the next tag is ‘W1’ or the distance with \
‘W1’ tag is less than 2, Modify this tag as ‘R’
Else if the nearest distance with a quotation is

less than 2, Modify this tag as
Else then modify this tag as 'S’

\AI

Convert the tag to a tuple, zip it with words and

assign to tagged sentence

If tablename is none, call FurtherAnalysis() and
assign to tablename,column, tagged sentence

Else if NoOfTable is greater than 1

Take the words which are tagged as ‘T’ and assign to

candidate

take the stem of each candidate and assign to tablename
find the root node of the tablename in the dictionary
If tablename is not none and ‘W1’ is found in Tags or
If (tablename is not none and ‘W1’ is not in Tags and

the tablename not begins with ‘vw’)

concatenate database name, tablename, ‘columns’ and

set to column
Else
Convert the tag to list
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If the stem of the word at ‘T’ index is empty then
modify this tag as 'S’
Else if W1’ is found in Tags
If the next tag is ‘V1’ or the distance with
‘W1’ tag is less than 2, Modify this tag as ‘R’
Else if the nearest distance with a quotation is
less than 2, Modify this tag as ‘A’
Else then modify this tag as ‘S’
Convert the tag to tuple, zip it with words and
assign to tagged sentence
If tablename is none, call FurtherAnalysis() and assign
to tablename,column, tagged sentence
Else then call FurtherAnalysis() and assign to tablename
If tablename is still none, then inform the user to modify the
question

Method Further analysis()
Input: tagged sentence, database, the stem of words, clause,
IsTableFlag
Output: tablename, column, tagged sentence
Unzip tagged sentence into words and Tags
Create and initialize tablename to none, column to empty
If the analysis is for the table then
For m up to the length of the words
Take the stem of the word at index m and assign to
tablename
Find the root node of the tablename in the dictionary
If tablename is none then go to the next record
Else
If W1’ is found in Tags or ('VW1’ is not in Tags
and the tablename not begins with ‘vw’)
concatenate database name,
tablename, ‘columns’ and set to column
convert Tags to list, set the tag at m to T’/
convert the Tags to tuples, zip the words and
Tages and assign to Tagged sentence
break out of the loop
If tablename is none then
For each of the word, find the stem of the educated
guess and assign to EducatedguessStem
For each of the table in the selected database
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If the frequent words of the tablel found in the
EducatedguessStem array
Set the tablename to tablel
Return tablename
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Annex K- Algorithm for attribute determiner
Input: tagged sentence, clause, table, Stem of words, features,
database, column, IsOrder, IsEach, last, top, IsAllKey, the stem
of order key
Output:attributeR,attributel, additionalAttribute, ordeyBy, aggrega
teFunction, groupBy,condition, TaggedSentence, attributAIndex,attri
buteRIndex, aggregateFunctionIndex,conditionIndex, LastOrderBy,
LastOrderSequence
Unzip tagged sentence into words and Tags
Create and initialize attributeA to none, attributeR to none,
If the clause is ''9%T’ then
If IsOrder indicates the order key words present
For each of the word in words
Find and add index of word to orderIndex if
the stem of the order key has a value
Find and add index of word to ConjIndex if
conjunction present between order keys
Find and add index of word to BejIndex if
attibuteA or attributeR has ‘@I’
Find the start and end index of the order
attributes expected to be positioned
Find and add to OrderBy if either attributeA
or attributeR found in those indexes
Find and add to aggregateFunction,groupby,
LastOrderBy, LastOrderSequence
Check and set ConjuctionBtnWhereClause to true if
conjuction present between where clause
For each of the word tagged as ‘R’, find it in the
dictionary and assign it to mkupword
If mkupword is not none and not in groupBy then
Set attributeR to mkupword and add the
index to attrRIndex
Else then set tags ‘S’ and zip words, tags to
tagged sentence
For each of the word tagged as ‘A’, find it in the
dictionary and assign it to mkupword
If mkupword is not none and not in groupBy then
Set attributeA to mkupword and add the
index to attrAIndex
Else then set tags 'S’ and zip words, tags to
tagged sentence
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If attributeA is none and if W’ is found in the tag

Make Further Analysis () and find and set values to
attributA

If attributeR is none and if IsAllKey is false
Make Further Analysis () and find and set values to
attributR

Find the appropriate condition and add to condition,
conditionIndex

Find the appropriate top, last word and add to LastOrderBy,
LastorderSequence 1f it is not found
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Annex L- Algorithm for where condition determiner
Input: tagged sentence, clause, attrA, whrValue, attrR, dtb,
table, column, stem of words, attrAIndex, groupby,
additinalAttrbute
Output: whrCondition, ConjuctionBtnWhrCondition, tagged sentence,
attrA, attrR, attrAIndex, ConjuctionORIndex
Create and initialize NoOfWhrValue to count of ‘W’ tags,
NoOfAttrA to count of attrA, J to O
Unzip tagged sentence into words, Tags
If NoOfAttrA is less than NoOfWhrValue
Make further analysis to find filter attribute and
assign the result to attrA
Update NoOfAttrA
If still NoOfAttrA is less than NoOfWhrValue
Create and initialize strIndex to -1, endIndex to -1,
conjIndex to -1
If the conjunction is found in Tags
Check and find the repeated attrA and add to
PossibleWhrCond
Check and determine to move attribute from attrR
and add to PossibleWhrCond
Determine whether to take attr from defined
attributes and add to PossibleWhrCond
While NoOfAttrA is not equal to NoofWhrValue and the length of
PossibleWhrCond greater than jJ
If PossibleWhrCond at j is already in attrA then
Increment j by 1, go to the next possible
where condition
Else
Find possible insertion index of a
PossibleWhrCond at j and assign it to InsertInd
Insert the possibleWhrCond into attrA at
InsertInd index
Increment j by 1
If NoOfAttrA is greater than NoOfWhrValue
For k up to a length of Tag
Check the validity of attrA
Set the tag to ‘R’ is attrA at k is invalid
Join attrA with ',’ and assign to whrCondition
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If NofAttrA is greater than 2
For each word in words
If ‘g9’ is between where condition then
Add index of a word to ConjORIndex, set
ConjBnWhrCond to true
return whrCondition, ConjORIndex, attrA,attrR, taggedSentence,
attrAIndex, ConjBnWhrCond
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Annex M- Algorithm for query constructor
Input:clause, table,atrributR, attrbute’A,whrcondition, whrvalue, upd
atevalue, IsAllkey, Iseach,
OrderBy, aggrFunction, GroupBy, Condition, ConjBnWhrConditon, OrderSe
quence,
ConjORIndex, attrAIndex, Top, HavingWhrValuelIndex,aggrfunctionIndex
, HavindWhrValue,
ConjIndex,whrClauseIndex, LastOrderBy, LastOrderSequence,
Output:queryEng, queryAmh
Create and initialize queryEng to empty string,queryAmh to empty
string
If lentgth of OrderyBy is greater > 0 concatenate orderBy with
OrderSeq and assign to orderBy
If length of GroupBy is greater than 0 Concatenate gropuby with
‘,’ and assign to groupby
If length of aggrFun is > 0 then Concatenate aggrFun, (',
attribute, ')’ based on aggrFunInd
If haviWwhrval is >0 then Concatenate aggrFun, (', attribute, ')’
based on havVallIndex
If WhrValue is not empty and HavingWhrValue is empty
If condition is other than ‘=’
If clause is ‘9471’
If orderBy is greater than O
Concatenate whrConditon,Condition,WhrValue
and assign it toWhrCondval
Concatenate ‘select’,6 key
words,attrR,aggrFunc, ‘from’,table ‘where’,
whrCondVal, ‘order by’, ordryBy depending on
The flag
Else
Concatenate whrConditon,Condition,WhrValue
and assign it toWhrCondval
Concatenate ‘select’, key
words,attrR,aggrFunc, ‘from’, table ‘where’,
whrCondVal depending on The flag
Else if clause to ‘ao-p’
Concatenate whrConditon,Condition,WhrValue
and assign it toWhrCondval
Concatenate attrA, ‘=’ ,updateValue and
assign it toUpdCondVval
Concatenate ‘update’ ,table ,
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‘set’ ,updCondVal, ‘where’, WhrCondVal
Else if clause to ‘AT4’'
Concatenate whrConditon,Condition,WhrValue
and assign it toWhrCondvVal
Concatenate ‘delete from’ ,table ,
‘where’, WhrCondVal
Else
If the clause is ‘94T’
If orderBy is greater than O
Concatenate whrConditon, ‘=',
WhrValue and assign it toWhrCondval
Concatenate ‘select’,key words,
attrR,aggrFunc, ‘from’, table ‘where’,
whrCondVal, ‘order by’, ordryBy
depending on The flag
Else
Concatenate whrConditon,=’,WhrValue
and assign it toWhrCondvVal
Concatenate ‘select’, key words,
attrR,aggrFunc, ‘from’, table ‘where’,
WhrCondVal depending on The flag
Else if the clause is ‘A@-7’
Concatenate whrConditon, ‘=',
WhrValue and assign it toWhrCondval
Concatenate attrA, ‘=’ ,updateValue
and assign it toUpdCondVal
Concatenate ‘update’, table, ‘set’,
updCondVal, ‘where’, WhrCondVal
Else if the clause is ‘aAT4%’
Concatenate whrConditon, ‘=',
WhrValue and assign it toWhrCondval
Concatenate ‘delete from’, table,
‘where’, WhrCondVal

Else If WhrValue and HavingWhrValue are empty

ConstructQuery ()

Else If WhrvValue 1is not empty and HavingWhrValue is not empty

ConstructQuery ()

Else If WhrValue is empty and HavingWhrValue is not empty

ConstructQuery ()
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Annex N- Some pages of ADQS
In this Annex, some page of the ADQS system which provides information to the user are
indicated respectively

mharic Database Quering Systc X 4+

0
%
(=]
t
¥
©

€ C @ localhost:808( o

appjpav

FONTOD PTUAG FURL PO T0L] RED ONTICT RIR TEE OONPRP A LAVECAL LUTS AADQS SPAT FCATIE- 012 PG NIATAET® PO0UK R OACICT IR TR NTIIET
PIILATDY OUE KIRSTS LLAGAHOPAN AN ATOeF® 903010} oLK RT/database (0L TEEFTFYY ARKEFY omed 10 ANo™ Lk PIEITVY HLBF OALD ooAN
BAmSA::

TRIN TLE »

NLIDB

aopro0 NLIDB MM 004048 0448 10
AT RIR P00UR R ANPAmPoe LA

g £UYY AAP® AGPOLE PEMPFEIIT 0PALP AUY

™ ST AS MG

9 BALL Y0 a
View details »

LIDB a®F

fachine

aLE R sQL
Machine learning v} At Machine learning gu¥} dats®
APPRLE PAMPIINT PALE AU P APRLA AP 04SP AU PS

) STYE AG MO DPTRAC PLALOTY ST AS
C AATPPR AS (10mT9C PULPATA

IO DIOTRAC PTLAL
AAGC NATTL 1S A009IC POLITTA

C @ localhost8080/DB Q % Oz »0

YOU ARE AT

# Home= InductionD o¥ #*/DataBase

av/ % 1/DataBase

ATFACATANHRMS

Human Resource Management System +41 £+21%A

A7hen0/DPOIS

L H Dry Port Operation Information System +0e 2421934

rThChIPRO/HRMS

£V AN PATERS QUC PEHAZCT AS ARNth AaTaet RCED A0 VRAT 0UE RTLRUOT AS AALAT®: PULhAA®<} L1 0L POLEMMCNT AAII® 1-:: PPURL FA9° human resource management system 04« ANIANT D 232
EAVICAANNOD (OVEIRLE PHLAID: OCHAL AR $& KIPASAPTY ATPEAMEC FAT ¢+M AU 13090 SES Mt Lmédi: NI CTAALPT) (9124 NRCEH PhT P7UPMé ALATFT CTLC 000U P2P°U hES ACIEI® (Y ADI NS
FRGEGAI: ALY ) RTD OAICT T IS AN A0 NG VR IC P7LESH oPCEPTY OF (0PATT AFACATN Q1A MCHIFA:

P B @ mO %" ® - 48 m 4 s & @ ®

Database page
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PhAAChI 0 0L EPT

» o EEE

O 14 “wRC/PERSONAL INFORMATION

f3euct “wec/EDUCATION

0 tare *jec/EXPERIENCE
O . Lo *ULC/SALARY EARN
fom, £9on *vec/SALARY DEDUCT

a0 TILC

BV NINET TACATFD P eo2K POLEN AP PEmmss AT @E AATAAL APMS BFPC Pt PALATT P 00CF POLMEPFT 10t NEoPrd™ LY AINEH ATTTF PoLhvinety oo2PF o317 APame:

LIV avl B PT

POl COEPT R TRUEL TPTTR AFFAAR

heATED AP FNC G
PAGATDF T AT Rh APT

PALATDT UIL/TI
BT PrO-ag 03

Database page giving some information to the user

[ apas x | [& apas X [@& sample Queries X  + =

C @ localhostB080/Query Q % O »0

& Home YOU ARE AT

B induction _ .
# Home= InductionO Sample Qu

ADQS

B contacts

PAYICT TP 9an/Sample Queries

@ Reports

@53 01T Te4/SELECT QUERY

w
@j fetch the required information

/¥y teraha Te4/UPDATE QUERY

@ update the required information

.5y t9r4t T4 [DELETE QUERY

delete the required information

Query page
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[& Apas x | [#] apas »®

update the required information

i ¥%3 ¢ 74 794 [DELETE QUERY

delete the required information

av/ 87 07975 TPe/select query

B PTPE ARYT PULAINIAD: o0LK 2T @hr AT 004X (Al WIS K AFPATD: (P RIRIMETNT PININGAIYIC T PAGY o0LK OTHTAT® 1P} Ot ARFA: LY ohoe ATANEY TRE TR0 ATLTALT RIET TPRITYT (9 ®HdAl
RILPFF (940 RGP

LY PATET PS5 RATID- PALATO™ FMPTL QLA ool THEDF oo Y] KPLPAPANT ABCT APAPPCA 101 NILEF® ALNFom PRLNDT TED LEF POLLMIDY L TPPEAL 1012043 TREPTTY NSPCN AT PAANTD- ATAIE ML 1 TOFY
ATMFEN ABLTLPAC APCOSA::

1.078FT o7 KILPMACAT P7ILNI0r T Ivalug ha FFPUCH TRh ASheFme AAde NeAk TIEFFYY MIALAGr PTFATAATA. EUTY T84 R1e0ahF
T4 : ha~ ‘Biniyam Legesse Tsehay” eHam-3 aglF et avi¥ n’y
SQL query: SELECT * FROM vwEmployee WHERE SNAME="Biniyam Legesse Tsehay'
T4 : Phe-HF “Biniyam Legesse Tsehay” -+144.$0 A 0T AAh £7C 4 7705 AFm
SQL query: SELECT CNT_PHONE1,CNT_PHONEZ2 FROM vwEmployee WHERE SNAME='Biniyam Legesse Tsehay’

2. WM5%6C DAFTILATE- T2 value Py 147 IS2CTAT Aiker KIRLAY EmPovPas: APAA PLhiad- T2d 101 FA®-9™.: Aa “Biniyam Legesse Tsehay” /™ Agtass
T¢¢ : “Biniyam Legesse Tsehay” em514Fa-3 £32PF o0 ™ULs- haty

SQL query: SELECT LANGUAGE FROM CRWO010 WHERE SNAME='Biniyam Legesse Tsehay'

3.8v 4an T3 ha “Biniyam Legesse Tsehay" 91 gudasintor thmead- €2 £Biniyam Legesse Tsehay” NIEUT ATFITH 0¥ ETLFA
T4 : (e-1F "Biniyam Legesse Tsehay" pm514Ta-7 £3RFF A5 POANAY 07" hTI0 TTULS AaFY

Sample queries in ADQS
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