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Abstract
In this project we will implement a system which will be able to collect job descriptions from
job sites allocated on internet, filters those which are IT and make them available to the
user through a website.
In order to get this, we will need to implement three subsystems and integrate them all
together:

e Crawler. This will collect the information from Internet.

e Al Through machine learning techniques, we will label jobs in two categories: IT

jobs, and No IT jobs.
e Search Engine. This will allow to the user access to a website, to search for jobs.
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Chapter 1: Introduction

Objectives

As everyone knows, the IT sector is growing up in an incredible pace. Companies more than
ever has realized how important is the technology to achieve their goals. ITis no a
department anymore, it is now a part of every department. It is the glue and the tools that
everyone needs to carry out their tasks in an increasing competitive world. For this reason,
the number of jobs opportunities in the IT sector is increasing exponentially. Right now, we
can see the lack of professionals with experience in the market. This is doing that salaries
are increasing and market from different countries are pushing to appeal more and more IT
professionals.

Even considering the Brexit, Europe is a big market that allows people to move around and
who speak English as a common language. However, there is not a web specialized in the IT
market for Europeans. There are many webs for jobs, in each country, some cross borders
but are not easy to use for this propose, and almost no one specialized in the IT sector.

Eurojobs is one example of a generic jobs’ opportunities across Europe.
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Figure 1: EuroJobs website

Another example is Europe Language Jobs, a website specialized in jobs for people who
speak more than one language. This is an example of website specialized in one area:
people who speak more than one language and wants to work as translators. It is a good
solution for a niche.
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Figure 2: European language Jobs website

Another solution that many websites specialized in search of jobs is to add a section for
international positions in other European countries, like jobs.ie does.
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Figure 3: Section for European Jobs in Jobs.ie

This project will focus in creating a web site which will allow to anyone find IT jobs in
Europe, all of them in English. We will focus in creating a search engine easy to use that will
list a series of jobs given a search entry.



It will use a crawler to get jobs from websites across Europe and select only those that are
relevant for the IT sector.

Approach

As we are not going to have employers or recruiters who are going to create a new position
in our web, we are going to search on internet for any IT job position in English. For that, we
are going to need to collect a bunch of websites which provide this information in their
countries. So, for instance, we are going to go to Irishjobs.ie and collect every job
opportunity they have issued in their portal. Then, we are going to filter those jobs that are
in the IT sector and in English. After we collect and filter those jobs positions, we are
interested in, we will provide a web portal in which our users will be search those in which
they are suitable for. As we are collecting a lot of information about IT jobs across Europe,
we are going to be able to provide what countries are more interesting for IT workers, what
software languages are getting more popular in each country, and so on. So, another service
we can provide to our users are statistics about their jobs, or another jobs in IT.

This project will have three parts:

Search Engine Crawler

Figure 4: Approach

Crawler

We will implement a highly scalable system which will allow us to increase the number of
websites that our crawler is going to use as source for our jobs. This system will be fault
tolerance. As we are going to access to websites that can be down, or it is possible there is
any issue on the network, we need to provide to our systems with mechanism to be fault
tolerance, so, it will be able to keep working after a fail occurs. The crawler will consist in
three components:

e Administration Web: This component will allow us to add new domains. Every job
site will be a domain in our system. So, we identify a new job site which we want to
get jobs’ description from, then we add it using the administration web. Also, it will
allow us to monitor what work has been accomplished.

e Master: This component will check in the database what domain are pending to
process and will orchestrate the work to be done.



e Node: This component will communicate with the Master, telling it what its capacity
is and when a domain has been processed. So, the Master can assign it the next
domain.

e Hadoop: This will be a Hadoop instance in which our system will save each job
description using JSON format.
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Figure 5: Crawler Approach

The Administration web will be implemented in Flask, which is a light technology that allow
us to implement a website. The database will be in PostgreSQL, that is an opensource RDBM
very reliable, able to manage concurrency (it will be access by Administration Web and
Master). Master and Node will be implemented in Java. Java is the native language for
Hadoop, which will make easier the integration, as well as it is a well-known language that is
easy to create multi-threading programs able to communicate using the network, and work
in parallel.

Al
In order to filter those jobs that are relevant to us, IT Jobs, we are going to implement an Al
system that will decide if a job is or is not IT. First, we are going to need to train a model. To
accomplish this, we are going to use the ML library of Spark. This library is using a higher-
level API built on top of Data frames, instead of using MLlib built on top of RDD. We will use
pyspark to create this model. Second, we will create a program in Java which will use that
model to filter IT jobs and will send them to Solr.
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Figure 6: Al Approach

Search Engine

Once we have all the information in a NoSQL database as Solr is, we can query data. We
build up a web which will do request to Solr for each user entry. Solr will retrieve this
information and we will show it up to the user.
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Figure 7: Search Engine Approach

Assumptions

As we are going to access to other websites to collect the information needed for our
system, we assume that will not be banned from these websites. We are going to do many
requests, as many as jobs they have, in a relative short period of time. They may consider us
as a DOS attack, or they just consider that is not worthy to waste their resources in order to
provide us with the information we require. In order to reduce the impact in their servers
we will reduce the frequency of our requests to one per second and domain. Even, reducing
the frequency, there is always a possibility that they decide to restrict the access to their
servers, we assume this won’t happen.



Chapter 2: Background

Context

This project will allow us to have a better understanding of the IT jobs in Europe. How they
are being created, where, what specializations are getting more popular, in which country a
job is more demanded.

The decrease of the price in transportation, the long-distance communications, a common
currency, and an increase of the knowledge of English, is making that Europeans are moving
from one country to another more frequently.

In order to facilitate this, is needed a central portal where people can see what
opportunities are in which market. Now, if you are planning to go to a country, you need to
get some information about what websites for searching jobs is more popular for your
sector. Some of them are not even available in English, what makes the searching more
difficult. Right now, a big demand of IT workers is raising in Europe and people are willing,
more than ever, to leave their comfort zone and go to work to another country. From
anywhere of Europe they will have a portal which will help them to find an IT job that suit
their expertise.

Methodologies

In order to put in place this solution, we are going to need to use some technologies like:
crawlers, machine learning, Big Data, web technologies.

Crawlers or Spiders are called the software used to search and download content on
internet. They are programs that go from link to link parsing the content on a web page to
get what they are looking for. They allow us to do so called web mining. More and more
information can be found on the web right now, so this kind of software are becoming more
and more useful every day. The most famous crawler is the one used by Google, Googlebot.
Google uses a crawler to get information of every web and index their content. Using an
algorithm, it retrieves that information when a user does a search.

In order to select whether a job is IT or not, we will use machine learning, a technic called
Supervise Learning.

There are three types of classifications in Supervised Learning?.

e Binary Classification: We are going to classify our input data in two categories
assigning them one of two labels. Example: an email can be classified as Spam or Not
Spam. In this example, “Spam” and “Not Spam” are the two labels.

e Multi-class/Multinomial Classification: We are going to classify our input data in one
of many categories (more than two). For example: a fruit can be classified as banana,
pineapple, orange, and so on. Each of them is a label, as “banana” or “orange”. A
fruit cannot be more than one, it is “banana” or an “orange”.

e Multi-label Classification: We are going to classify our input data in one or more
categories. For example: a movie can be classified as a thriller, romantic, comedy,
terror, and so on. We have, in this case, several labels: “thriller”, “romantic” as
examples. A movie can be classified as “romantic” and “comedy”.

1 Luu, H. (2018). Beginning Apache Spark 2. Berkeley, CA: Apress.



In supervised learning we infer a model from a training data which we have labelled
previously. There are some algorithms that we can use, the most important are:

e Linear Regression

e Logistic Regression

e Naive Bayes

e Decision Trees

e K-nearest neighbour

e Support vector machine

e Random forest
In our case we will use Logistic Regression, which is great for a binary classification problem,
as it is our problem. It consists in giving a series of input variables, find the coefficient that
weight each input variable. The logistic regression is named for the function regression,
whish has an S-shaped curve. This curve maps any value into a value that goes from 0 to 1,
those values are not included. As we can see in the following figure, when we are training
the model, the algorithm is finding the coefficients that better fit curve to our training data,
dividing the inputs in IT jobs (green) and other kind of jobs(red). This will allow to predict
the label of the new input.

Figure 8: Logistic Regression

Software

PostgreSQL

In our project we will use two ways to save our data. First, we will use a most traditional
approach: RDBMS. Our choice has been PostgreSQL. PostgreSQL is one of the most
advanced open source relational database. It is a software that has been used for over 30
years, so, it is quite reliable and mature. It is extended used by many organizations in their
production environments like: Udacity or Cloudera, and it has over 5% of the Market Share?.
The main reason to use PostgreSQL is because we don’t need a licence, it is reliable and
mature. The other choice could be MySQL or MariaDB, also its use is very extended among
many companies and it is open source, however it lacks functions as: Intersect, full outer
join, partial indexes, so on. PostgreSQL allows many programming languages for stored
procedures: Ruby, Perl, Python, JavaScript... and MySQL only SQL.

2 |datalabs.com. (2019). PostgreSQL commands 5.56 % market share in Database Management System.
[online] Available at: https://idatalabs.com/tech/products/postgresgl [Accessed 10 Jan. 2019].



Solr

Second, we will use a NoSQL database as it is Solr. Well, Solr is more than just a database, it
is also a search engine. It has been designed to deal with millions of documents, indexing
then automatically. You don’t have to worry about what scheme you have to create, or
what is the structure of the data and their relations, not even dealing with indexes or
normalization. Solr will manage that for you, we just have to focus in add documents and do
the query. Solr is written in Java and uses the Lucene Java search library, as it does Elastic
Search. Solr is an open source project from Apache Software Foundation. It is scalable, so,
we can add new resources in case that our data increase, as it can have multiple serversin a
cluster; it is highly reliable and fault tolerance. It is a mature technology used by companies
like Netflix, Source Forge, Instagram, CNET and so on.3

IntellijIDEA

This will be our IDE to develop our java code. This IDE provide a lot of functionalities that
will allow us to speed up the development, checking constantly the syntax, managing
imports, even checking the spelling in our comment, among many other functionalities. It
also allows us to use Gradle for our builds.

PyCharm

This IDE belongs to IntelliJ, and it is a great tool to develop in python, helping us setting up
the environment, imports, and so on.

Gradle

Gradle is an open-source build automation system, like Ant or Maven, or at least following
the same concepts. It is a domain-specific language based on Groovy and will allows us to
automate the builds and deployments.

Jenkins

Jenkins is an open-source automation server, which will allow us to deploy automatically
our code into our test environment. It is a fork of Hudson developed by Sun in 20044, Once
we have setup the automated tasks, we won’t have to worry anymore about issues on the
deployment.

Spark

Spark is a general-purpose distributed data processing engine built for speed, ease of use,
and flexibility>. The key for being faster than other approach like Hadoop MapReduce is
because is built on memory. It does an exhausted use of memory to store the data. It allows
to use four languages using its API: Scala (the native language in which Spark is being
written on), Java, python, and R®. It was created as a research project, due to the bad
performance of Hadoop MapReduce for online jobs. APl Spark has 4 main libraries: Spark
SQL, Spark Streaming, MLIib, GraphX. In our project we will focus in Spark SQL, which will
allow us to work with Data Frames, instead of using RDD, which is the lowest datatype in

3 Wiki.apache.org. (2019). PublicServers - Solr Wiki. [online] Available at:
https://wiki.apache.org/solr/PublicServers [Accessed 10 Jan. 2019].

4 Heller, M. (2019). What is Jenkins? The CI server explained. [online] InfoWorld. Available at:
https://www.infoworld.com/article/3239666/devops/what-is-jenkins-the-ci-server-explained.htmi
[Accessed 10 Jan. 2019].

5Luu, H. (2019). Beginning Apache Spark 2: With Resilient Distributed Datasets, Spark SQL, Structured
Streaming and Spark Machine Learning library. [online] O’Reilly | Safari. Available at:
https://learning.oreilly.com/library/view/beginning-apache-
spark/9781484235799/html/419951 1 En_1 Chapter.xhtml [Accessed 10 Jan. 2019].

6 Spark.apache.org. (2019). Overview - Spark 2.2.0 Documentation. [online] Available at:
https://spark.apache.org/docs/2.2.0/ [Accessed 10 Jan. 2019].



Spark. Also, we will use Spark Streaming which using micro batches, allow us to work with a
constant flow of data.

Apache web server

This is the most well-known web server. We will use this server for our search website. We
will create a website in PHP which will be the interface for the user requests. The user will

access to our website and introduce the search. This is a mature technology that has been

used during years and has a market share of active sites of 42.04%’

Codelgniter

Codelgniter is a framework to develop dynamic web sites in PHP. It is a loosely framework,
which avoid most of the boilerplate to create a site, and allows you, but not force you, to
use the development pattern MVC (Model Visual Controller). We have chosen this
framework because it is open source, it has a strong community, and it is very mature after
over 12 years. It has been recognized as one of the fastest and lighter PHP frameworks
(Lerdorf, n.d.). We will use it to create the website for searching, which will be used by the
user to perform their job searchs.

Git

Git is one of the most popular distributed version control system. It is open-source
developed by Linus Torvalds®. We will generate many files of code in different languages.
Although, there is not a team which have to synchronize their work, we are going to work in
different machines and have a history of changes. It is always good to have a repository,
specially one on the cloud that will do a backup in case that something bad happens. We
will use GitHub, as it has a free account for students.

Hadoop

Hadoop is an essential system if we want to handle big data. Our problem accomplishes the
4V's:

e Volume. Our system will have to manage all the jobs coming from all European
countries and keep them in a repository for further analysis. That is a huge volume of
data.

e Velocity. Crawlers are going to work at the same time in many domains,
downloading the description of each job. Jobs are being generated across all the
countries in a fast pace.

e Variety. The format of each website is different, we are going to need to work with a
diversity of formats, and not structured data.

e Veracity. Due to the information is on internet and there is no so much control about
what people post in those domains, we have to deal with this problem too.

Hadoop is a great ecosystem; however, we will use only HDFS integrated with Apache Spark.
Flask

Flask is s microframework for python to create light-weight websites. In order to manage
new domains for our crawler and check the history of the domains and how many pages we
have got, we need an interface. Flask will allow us to create that interface.

7 News.netcraft.com. (2019). May 2018 Web Server Survey | Netcraft. [online] Available at:
https://news.netcraft.com/archives/2018/05/29/may-2018-web-server-survey.html [Accessed 10 Jan.
2019].

8 Chacon, S. and Straub, B. (n.d.). Pro Git, Second Edition. Apress, p.13.



Hardware

We will create a virtual machine with 8GB of RAM, and two CPU’s. The operative system will
be Linux Debian 9. This will be our test environment. In this virtual machine, we will install
all the software that we need and do the deployment of the code implemented for this

project.



Chapter 3: Literature Review
As | am working with many technologies, there will be necessary a diverse of literature.
For doing the crawler, we have reviewed the book: Web data mining: exploring hyperlinks,

contents, and usage data Liu, B.

To start to work with flask, the place is the website: http://flask.pocoo.org/, as you can find a strong
community that has done a great job documenting this framework.

For learning about Hadoop, a great book is Professional Hadoop by Kai Sasaki and other.

For Apache Spark 2, a great book would be: Beginning Apache Spark 2

With Resilient Distributed Datasets, Spark SQL, Structured Streaming and Spark Machine Learning
library Hien Luu. It gave me a good understanding of this technology.

Text analysis is a specific area of machine learning, so, we have to dive into literature like: Applied
text analysis with Python: enabling language-aware data products with machine learning (Benjamin
Bengfort, Rebecca Bilbro and Tony Ojeda)

There are some good examples about word2vec and how apply in the book: Machine Learning with
Spark - Second Edition (Rajdeep Dua)

To get starting with Solr a good book is: Scaling Apache Solr (Hrishikesh Vijay Karambelkar)


http://flask.pocoo.org/

Chapter 4: Crawler

Requirements

[Req:001]

The system will be implemented in Java, so algorithm that parse the index document and
the web document must be java classes. They will extend the class Manager (to parse the
index document), and the class Worker (to parse the content document).

[Req:002]

The system will provide a web that allow to the user add new domains, specifying the URL
of the domain, as well as the name of two classes which contain the algorithm for parse the
index document and the content document. If those class are not in the library, they must
attach the jar with both classes.

[Req:003]

The system will provide another web that will allow to see the status of the process, how
many machines are connected, how many processes are running for each node, how many
pages has been processed for each domain, and so on.

[Req:004]

The system is composed by one Server master, which will contain the list of domains that
need to be processes. This machine will be also the host of the web server needed for the
interaction with the user. The server will not process any domain, for that we will add
nodes.

[Req:005]

For adding a Node, we need to install a program, a java program, and a properties file in
which we will specify the characteristics of the Node, and the address of the Server.
[Req:006]

The library with all java class for processing domains, will be stored in the Server, which will
provide access to each Node.

[Req:007]

When a new node starts, this will be open a communication (TCP) with the Server, to
register and inform to the server about what capacity of work it has.

[Req:008]

Every 3 seconds by default, although this can be setup in the properties file of the node, the
node will inform to the Server about the status of its capacity.

[Req:009]

We will develop a protocol of communication between Server and Nodes, for each type of
message.

[Req:010]

If the Server doesn’t respond to a Node, this will log an error. This will continue with its job,
until it has finished.

[Req:011]

All the documents downloaded from the web, will be storage in a Distributed System, for a
posterior analysis.

[Req:012]

There will be a database hosted by the Server, which will storage domains in a consistent
way, also this will provide a concurrent access.



[Req:013]

Each document that has been already downloaded will override the last version of the
document into the storage system.

[Req:014]

The system will allocate two server sockets, one for the web and other to listen the
communication with each Node.

[Req:015]

If a Node doesn’t communicate for a period greater than 30 secs, the Server will consider
that the Node is down and will log it as an error.

[Req:016]

Each Node will be able to run more than one domain in parallel, and access more than one
web content for each domain. There will be only one thread to process the index document.
[Req:017]

There must be a way to stop the server and nodes in an easy way.

[Req:018]

To add a new domain, we should have to create a manager class to parse the index page of
the domain, and a worker class to download the content. Those classes will provide
methods easy to extend.

System Design

Overview
The system will have the following architecture:
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Figure 9: Crawler Overview
Module \ Function
Web The web will provide the GUI to the user. There will be two webs: one to

add new domains and their classes, the other to be able to see how is



going the process, providing information about the nodes, the domains
and how many pages have been processed. [Req:002] [Req:003]

Shared File System This will provide a repository for the classes for each domain. This file
system will be a folder called lib, in which the server will upload the jars
provided by the user when they enter a new domain, if those classes
don’t already exist. Every Node should have access to it [Req:006]. Also,
we will save the logging in this file system. [Req:010] [Req:015]

Database Database which will provide support to the web, as well to contain the
list of domains and their classes, to parse them.

Socket Server This will be a process which will listen Node’s request.

Node Each Node of the system, which will process the domain that the server
sends to it.

HDFS Hadoop system in which all nodes will store the content downloaded

from each domain.

Communication

Discovery

Every Node has a configuration file node.config in which the IP address of the master will be
setup. So, when the machine start will load the configuration file and load the IP address. It
the IP address is wrong, this error will be recorded into the log, and the node will stop
working as it is not able to connect to the master. As well, it will be in the node.config file
the port in which the master will be listening. As soon, as the node reach the master, this
will start the communication to register.

Protocol

The pattern of communication that the system will follow is Client-Server model:
Master/Slave. The Server will be listening any request and the client will start every
connection. The transmission will be one-to-one, and data can be transmitted in both
directions.

Message

The message will be codified in ASCII, so this protocol will be text-oriented. This has some
advantages, as it is easy to understand and monitor, flexible to extend and easy to test. We
can use a telnet application to connect and send messages to the server. As disadvantage, it
is too large.

This protocol will allow different types of messages: control and data transfer. The message
will follow always the following structure:

CMD PAF;AM T

The first part will be the command, which specify the meaning of the message, what is going
to be about the parameters. Following the command are the parameters, can be one or
more, depend of the command. Every part of the message: commands and parameters will
be separated by the character|. Every message will end with a character ‘\n’, new line. This
will indicate that the message has finished, and the Node or the Server has the message.
The message will be validated, and then processed.




List of valid messages

[ INIT|MACHINE NAME |IP]

This is the first message that a Node will send to the Server, to be registered. If the system
has already another machine already registered with the same name, will send a message of
error to the Node that is trying to be registered, and this one will stop and log the error. In
case that the machine doesn’t already exist, the server will register the node as an active
node in the database and send confirmation message.

Mode Server

INIT|NAME

ERR|001 [

-——

Wode | Server

INIT|NAME
%{M —
OK|

——

Figure 10: Communication Diagram

[ERR|001]

This message will go from the server to the Node, in case the message that is trying to
register is already registered. The node will stop.

[OK|ID]

This message will go from the server to the Node, in case the Node has been registered
successfully. The ID is the identifier of the Node in the system, is a unique number. This
number will be stored by the Node for future communications, so it can be identified by the
server.

[REP|ID|CAP|SPARECAPACITY]

Every 3 seconds, the Node will report to the server its status. The command is REP, followed
by three parameters. The first parameter is ID, which is the unique identifier of the Node in
the system. Then, the second is the Capacity of the Node, it means, the number of jobs that
can carry on. The last parameter is the spare capacity, which is means, that, how many more

jobs is capable to take.
REP|ID|CAP|SCAP

JOB|DOMAIN|MANAGER|MJAR|WORKER|WJAR
Figure 11: Communication Diagram 2

In case that there is spare capacity and there are more jobs pending, the Server will send a
message with the job to do. Then, the Node will send again the Report with the capacity
updated, and the server will repeat the process. In case there is no spare capacity (it is
cero), or there is no jobs to do, the server will send a ACK-> OK| message, so the Node will
end the communication.



[JOB| URLDOMAIN | MANAGER|MJAR|WORKER|WJAR]
In case that there is spare capacity for the Node and there are any job outstanding, the
Server will send a message with the job that the Node has to do. The message will have the
command: JOB, and the following parameters:
e URLDomain: This is the domain that is going from which we are going to get all the
documents.
e Manager: This is the name of the class of the manager, the java class which will get
the indexes for all the documents that we are going to download from the domain.
The name of the class must has the complete address into the package:
com.anansi...nameofclass.
e MJAR: The name of the jar in which this class is. This class will be loaded by the Node
from the server.
e Worker: The name of the class of the worker, the java class which will download the
document specified by the manager.
e WIJAR: The jar which contains the Worker class.

[DEV|NODEID|URLDOMAIN |[NUMBEROFPAGES]

This message is sent by the Node, when it has finished a job, to inform of that to the Server.
This information will be sent in the periodic 3 seconds report. The message is DEV, followed
by the parameters: Nodeld, the identified of the Node in the system; URLDomain is the
domain that has been processed; NumberOfPages, the number of pages that has been
downloaded from that domain.

[STOP|]

This message will be sent to the Server by a telnet application or other. When the server
receives this message, it will send this message to the rest of the Nodes. Every Node will
stop. After about 30 seconds, the server will stop too.

[OK]]

The server will send this message to finish the communication with a Node, to indicate that
there is nothing else to say.

Heartbeat and Node report

As we said, after register, the Node, will send a report with the status every three seconds.



Database Design

data model
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Figure 12: Data Model

The database will consist in one schema: anansidb with 4 tables.

Ana_domains
This table will contain every domain that the system will access to download their

documents.
e Domain_id: The primary key, will be a natural primary key, the actual URL to the

website.

e Domain_description: This is an optional value, a description about the website.

e Domain_status: This is the status of the node. The status can have two values (we
need to create a constraint for this, so we can keep the database integrity): ‘A’
active, ‘D’ disables.

e Manager_class_id: The name of the class for the manager which is going to handle
this domain. This is a foreign key to the table ana_java_classes.

e Worker_class_id: The name of the class for the worker which is going to handle this
domain. This is a foreign key to the table ana_java_classes.



e Domain_creation_timestamp: This is an audit column to record when the domain
was created.

Ana_nodes
This table will contain all the nodes that has ever been registered into the Server.

e Node_id: Surrogate key which will be the unique identifier for a node online. Along
the life of the application, a node can have many rows in this table. Everytime a node
is registered into the Server, a new row will be created.

e Node_name: Name of the node. Only one row with the same node_name and the
status A can exists. A constraint in the database to check this is created.

e Node_status: A for an active node, D for a node when is no longer online.

¢ Node_creation_timestamp: A field which let us know at what time the node was
registered into the system.

Ana_node _domains
This table will register every job performed by a node. Every time the server assign ajob to a
Node, a new row will be created. A node, can handle more than one job at the same time.

e Node_domain_id: Surrogate key, which will be the unique identifier.

e Node_id: The identifier of the Node which is doing the job

e Domain_id: Id of the domain .

e Node_domain_status: This is the status of the job. When the node is in the middle of
this task, the status will be P (processing), when it has finished it will be C
(completed).

e Number_of_pages: This is the number of pages that has been processed for that
domain. This data will not be available until the job has completed the task.

e Node_domain_creation_timestamp: This is the date at what the job was assigned to
the node.

e Last_update_timestamp: This is the last time when the row was updated.

Ana_java_classes
This table will contain every new class that has been registered into the system. For every
domain, there are two kind of classes (they can be the same or used across many domains),
the worker and the manager. In this table, we register them and link them with the jar
which contains them.

e class_id: Natural primary key, which is the name of the class.

e Class_jar: Name of the jar which contains the class, so the node can call remotely

and load the class.
e Record_timestamp: The time when the class was registered into the system.

Software design

overview

There are three components software in our system: website, server and node. The website
will provide the interface to the user, so they can add new domains and check the status of
the nodes. Also, will provide the jar classes to every Node. The server will orchestrate
nodes; it will provide jobs and will check the status. Node will be the software which will do



the job, which can have more than one instance. Let’s have a look about how they are
integrated:

MultithreadHQServei ) HeadQuarterfi )
| » NodeTalkative. Office
Serve
erver . - Team
DatabaseConnectior. .  HqTalkative: Node Team
Factory
2 NodeTalkative Office
( \_ - Team
Node Team
anansidb |

AN

\ ClassLoader

e

index adminDomains adminNode

Views

Figure 13: Sowftware Design Overview

Anansiweb
The web will provide the interface to the user, so they can add new domains, classes and
check the status of the process. It will have three views:



e Index: This is the main web, it is a presentation to the user, and it has a link to the
rest of the pages.

Anansi Welcome Adimin Domaine: [l Admin Nodes

Welcome
Anansi Power

This website allows you to admin the domains that are going to be crawlers,as well . X

as the machines that are going to do the hard work. Ctve R &y 10 010 smazhig poses of
Anansi and distributed systems. The

Admin Domains ultimate solution that allows you to craw
all the web, in a easy way. A lot of

In this section you would be able to add or remove what domains you want to information, that you can use for your

scratch using Anansi, your favorite spider! own analysis is out there on the
network. Take a look to the possibilities

Admin Nodes of this new and amazing tooll

There are a series of Nodes that are going to process all pages for each domain.
In the section of Admin Nodes, you will be able to follow up what nodes are doing.

AnansiWeb 2018

Figure 14: Anansi Web Home Page

e adminDomains: This is the page in which the user can add new domains and their
classes.

Admin Domains

Administration of Domains

Please enter the name of domain

Add optional description
Manager Class Worker Class Submit

url Description Date Recorded

https://www.irishjobs.ie/jobs irish jobs 2018-09-18 18:02:09.637184 [x] |

AnansiWeb 2018

Figure 15: Anansi Web Domains Page

When the user adds classes that not exist into the system, the website will redirect it
to a page which will allow them to update those classes. Only the class missing will
be required.



Anansi Admin Domains Admin Nodes

Upload new classes

Please enter the name of Manager Class = Examinar... No se ha seleccionado ningln archivo.
Please enter the name of Worker Class = Examinar... No se ha seleccionado ningln archivo.

Submit

Figure 16: Anansi Web Upload Class

Only jar files are allowed, in case to try to upload another kind of files, the system
will give an error and it will inform to the user.

Please enter the name of Worker Class = Examinar...
« only jar files

As we can see in the first screenshot of the adminDomain, below the form that
allows to the user to introduce new domains, there is a table showing all domains
actives. Domains can be removed with the cross that exists in the table. This won’t
actually remove the domain, but it will change the status to D, which will do it
invisible to the user, but will keep the integrity of our database.

e addNodes: This page will show every node active into the system, and what domains
are working on.
Anansi Admin Domains Admin Nodes

Administration of Nodes

E— -

colonialone https://www.irishjobs.ie/jobs 125 2018-09-18 14:07:28.593064

Figure 17: Anansi Web Nodes Page

Server
The server will communicate with the web through the database. This means, that the web
will insert new domains, and the Server will register new nodes, and they share this
information through the database. The database will provide the concurrent access, that
our distributed system needs. This database must have failure recovery process, guarantee
the atomicity and the consistency of the information. The server has four components:
e HeadQuarter: This will start up the rest of components, it is the entry point of the
application.
e DatabaseConnectionFactory: This class will create a pool of connections that can be
reused by any server socket.



e MultithreadHQServer: This is the server socket which will accept the connection
from the nodes. For every connection accepted, this will create a new thread, which
will process the communication. In this case, the server can provide service in
parallel to multiples nodes.

e HQTalkative: This will take care of the communication with the node. This will
process the message and connect to the database to get the next jobs, and assign
the job to the node. Following the protocol, will communicate with the Node. When
the communication has finished, this will close the socket. There could be more than
one HQTalkative instance at the same time, so we have to manage the concurrency.
These nodes are not sharing objects, all of them will access to the database which
will guarantee the concurrency and the integrity

MultithreadHQServer HQTalkative

e

%

Figure 18: Master Flow Control

Node

The Node is the most complex module. As each node can have multiples threads workings,
we call them teams, and each team is going to have from one to n workers downloading
pages, and a manager to orchestrate them, the complexity and the concurrence will be a
challenge. To afford this, we have tried to mimic an office structure. Each node will be an
office, which can have many teams. In each team there will be a manager, which will assign
the tasks and workers who will perform them. In order to manage all the work, there will be
a scrumboard, in which the manager will set the new tasks. Let’s see this concept in a
diagram for clarification
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Figure 19: Office component

As we can see, in order to communicate the process, workers and managers, we will have
an object called scrumboard. This object will have a queue with every task, pages to be
downloaded. The Manager will put new pages into this queue called backlog and workers
will take them from the queue when they are available, and they have finished their
previous task. Teams will not share their tasks, so they don’t need to share the scrumboard
object. However, all teams will share two queues, the first queue is the queue where jobs
will be added, projectQueue. The second queue is the deliveryQueue, every time a team
complete a job, they will put in this queue and the NodeTalkative process will pick up from
the queue and communicate to the server.



Create new manager and a ngw worker with the right class

N I

Team Manager Worker

projectQueue

Yes

bacLlog
N

deliveryQueue
Figure 20: Node Flow Control

For the queue we use a Java object that allow to block the object until it has a value on it, so
we don’t have to worry about the object wasting time into the processor. ReleaseTime is a
shared object, we use Java techniques to synchronize its access. This means, semaphores.
Every worker will write a new file for each document in the HDFS system, using the native
APl that Hadoop provide.

Extension of new classes

As the requirement 3.1.18 [Req:018] specify, we need to provide an easy way to extend the
number of domains that our system can process. So, the system can process a new domain,
it should extend the following classes:



Manager Worker

Figure 21: Manager and Worker Classes

The new Manager class must override the method manageTasks, which should call to
addBacklog for every new index to a page that it finds.

The new Worker class must override the method toDo, which should call to publishWork for
every new page that has been downloaded, so the framework will take care of storing it into
the HDFS system.



Chapter 5: Al

Requirements

[Req:019]

The system must be able to detect a new job in the file system.

[Req:020]

The system must be able to load a job from a file formatted in JSON with the following
attributes:

® Title: Title of the job. Websites have a title for each job.
® Description: The whole text of the job. Without html tags.

® Link: The URL link which point to the source of job offer.
[Req:021]
The system must be able to distinct and filter jobs that are not IT with an accuracy of over
90%.
[Req:022]
The system must be able to send those jobs that have been identify as IT jobs, to Solr, using
a JSON format.
[Req:023]
The system must be fault tolerance, in case that there is any problem with a job, it will
process as far as it becomes available again.
[Req:024]
The system must be highly scalable. In case that the volume of work increase, it should be
possible increase the throughput increasing the number of resources.
[Req:025]
The system must be able to be integrated with Hadoop and access to its HDFS system.

System design

Overview
The system will have the following architecture.

ML Spark

==

Model

Spark SQL
Spark Streaming

O‘O

oW
!
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Figure 22: Al System Design Overview
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Module \ Function

HDFS Hadoop system in which all nodes will store the content downloaded
from each domain. [crawler system]

Spark Streaming Spark streaming will be able to detect and load a new file in Hadoop
System [Req:019] [Req:025].

Ml Spark It will be able to distinct jobs and filter using Spark SQL capabilities
[Req:021]

Spark SQL Using Spark SQL capabilities will able to load a JSON format file out-of-
the-box [Req:020]

Connector This module will send each processed job to Apache Solr using JSON
format [Req:022]

Spark Spark technology it is fault tolerance [Req:023] and highly scalable
[Req:024].

Apache Solr Apache Solr will be the storage system for IT Jobs filtered by our machine
learning. Our system will send new documents using Solr) connector
[Search Engine System].

Training Model Design

Input training data

First thing needed when we are going train a model is to prepare the training data. The
training data is a sample of the data that we need to classify, which we have already classify
manually, without intervention of Machine Learning. It is a tedious work, but we must be
accurate if we want to create a robust model. We save a sample of 3141 jobs downloaded
by the crawler in a folder, 1832 have been classified as “IT jobs” and 1309 have been
classified as “No IT jobs”. It is good that the sample is well-balanced. Each job is saved in
individual files codec in UTF-8 and the format of the information is in JSON. The structure of
the JSON file is the following:

{
“title”:”<<title of the job>>",
“labelIT”:"”<<classification>>",
“description”:”<<description>>"
}

o title: Title of the job, that has been created by the agency or company which has
created the entry.

e labellT: This value is the one that we have added manually. It can have two values, 0
for those jobs that are not IT, or 1 for those which are IT.

e description: This value is the whole text of the job. It has not been clean up, only
formatted in a way that is compatible with JSON attribute value.

Code:

# Loading the training data into our data frame
data_frame = spark.read.json("./training")

# Cast label IT as a double type, it must be a double to be label in ml algorithms
data frame = data frame

.withColumn ("labelITTemp",dfOriginal.data frame.cast ("double"))

.drop ("labelIT")



.withColumnRenamed ("labelITTemp", "labelIT")

Data Transformations

Data is coming from a web, what means that we are going to need to clean it up before we
can use it for training. Tags, html characters, punctuation symbols and so on can affect to
the result of our model, that is why it is important to do a previous transformation. Another
kind of transformation that we need to perform is specific for natural language processing.
We cannot use for our training what is called raw text, we need to tokenize and remove the
stop words®. Tokenize means, to convert a raw text in a vector in which every element of
the vector is a word. Basically, use space to know when start and end a word and it split it
into a vector. Removing stop words means, taking that vector which, we have converted our
raw text into, and remove the words that we use in our grammar to connect verbs, names,
adjectives, and so on. For example: the, and, this ... are stop words in English. Obviously,
each language has its own set of stop words. They are not relevant for the meaning of a
text, that is why they should be removed.

Ml library of Spark has the tools that allow us to tokenize the text and remove the stop
words for a specific language, included English.

Code:

# Regular expression to match html symbols: &nbsp; &amp; and so on
regexp html symb = "&[";]+;"

# Regular expression to match symbol of punctuation
regexp punctuation ="\. [, [=["I\"[@#I~I\_INVIN2INCIN) [[0=9T+ NN/ ;"

from pyspark.sqgl.functions import *

# Remove html symbols

data frame = data_ frame

.select (regexp replace (col("description"),regexp html symb,"")
.alias("textClean"), col ("labelIT"),col("title"),col ("description"))

# Remove puntuation symbols

data frame = data frame.drop ("description")

data frame = data frame

.select (regexp replace (col("textClean"), regexp punctuation,"")
.alias("description"), col("labelIT").alias("label"),col("title"))

from pyspark.ml.feature import RegexTokenizer

# Creating tokenizer: we specify where the raw text is: description; and the name
# of the new column with our text tokenizer: textVector.

# The pattern to split words is " " [blank]

# All the token will convert words to lowercase

regexp tokenizer = RegexTokenizer ()\

.setInputCol ("description") \

.setOutputCol ("textVector") \

.setPattern(" ")\

.setToLowercase (True)

# Apply tokenizer to our data frame
data frame = regexp tokenizer.transform(data frame)

from pyspark.ml.feature import StopWordsRemover

# We create the function which will remove the stop words. The language is English
englishStopWords = StopWordsRemover.loadDefaultStopWords ("english")

remover =

StopWordsRemover (inputCol="textVector",outputCol="textVectorClean", stopWords=englis
hStopWords)

9 Beysolow Il, T. (2018). Applied Natural Language Processing with Python. Berkeley, CA: Apress.



# Apply transformation to remove stop words
data frame = remover.transform(data frame)

# we are interesting only in the following columns: label, text and title
data frame =

data frame.select (col("label"),col ("textVectorClean").alias("text"),col("title"))
# label | text | title

B

Features

A vector of text is not adequate for training a model. Machine learning works with vector of
number, each element is a feature and the number is the value of that feature. So, in order
to train our model, we need to convert in some how the vector of words that we got from
the tokenizer into a vector of numbers. To accomplish this, Tomas Mikolov, a Google’s
engineer develops a model architecture for computing continuous vector representations of
words from very large data sets'®. These models are shallow, two-layer neural networks that
are trained to reconstruct linguistic contexts of words (Word2vec, n.d.) Ml library of Spark
has an algorithm that implement this solution for us.

Code:

# Feature
from pyspark.ml.feature import Word2Vec
feature = Word2Vec ()

Learning Algorithm

As we have said in the introduction, we are going to use the Logistic Regression algorithm,
which will do a binary classification.

Code:

# Classification Algorithm
from pyspark.ml.classification import LogisticRegression
lr = LogisticRegression(labelCol="1label", featuresCol="features")

Pipeline

Pipeline in the glue which joins data frames, transformers and estimators. It allows us to
automate the process, so we can use it to iterate over and over on it to adjust the learning
algorithm. Improving the model in each step, as we can see in the following diagram.

Evaluator

Model

Training
|ata ingestion | Fe2tre |13
Model

Figure 23: Training Model Pipeline

Code:

# Creating the pipeline with the feature and classification algorithms
from pyspark.ml import Pipeline

stages = [feature,lr]

10 Mikolov, T.; Chen, K.; Corrado, G. & Dean, J. (2013), 'Efficient Estimation of Word Representations in Vector
Space', CoRR abs/1301.3781 .



pipeline = Pipeline () .setStages(stages)

Evaluation

In order to tuning the model, to improve it, we need to find a way to stablish when a model
is better than other. For doing this, we need an evaluator. Our evaluator will be specific for
binary classifications and will use the metric of area under ROC (receiver operating
characteristic) to score our model. This metric is based on the rate of true positive and false
positive. True positive is when the prediction was positive, in our case it is an IT Job, and it
actually is an IT Job. A false positive is when the prediction was positive, in our case it is an
IT job, it was negative, no an IT job.

True positives rate

False positives rate
Figure 24: ROC area

The area under the function, in our figure the line in red, it is bigger when the prediction is
better. So, we can compare distinct models and know which is better.

Code:

# Evaluator. It will work on the prediction column

# we will use the metric “areaUnderROC”

from pyspark.ml.evaluation import BinaryClassificationEvaluator
evaluator = BinaryClassificationEvaluator () \

.setMetricName ("areaUnderROC") \

.setRawPredictionCol ("prediction™) \

.setLabelCol ("label™)

Tuning

One of the most important tasks in Machine Learning is tune the algorithm that we are
going to use to get the best result. Each model that we are trying to predict has a different
behaviour. The maths that under the hood of the algorithms that use machine learning to
predict those models have a series of so-called hyperparameters. Those parameters are not
related to the data, they are parameters that adjust the machine learning algorithm to get a
better prediction. Our feature algorithm, as well as, our learning algorithm have a series of
parameters that can be tuned to get a better fit to our training data. Finding the best values



for those hyperparameters can take a much effort, however, most of the machine learning
libraries provide with tools to automatize this task. In spark, inside the library ml there is a
module called tuning that helps with this. We are going to use ParamGridBuilder which is
used to define the hyperparameter space, we add what are the hyperparameters that we
want to tune and the range of values that can take. The class that will do the split of our
training data in test and training to perform the tuning will be TrainValidationSplit.
<<Validation for hyper-parameter tuning. Randomly splits the input dataset into train and
validation sets and uses evaluation metric on the validation set to select the best model.
Similar to CrossValidator, but only splits the set once>>

(Spark.apache.org, 2019).

Code:

# Tuning

# Creating the hyperparameter space
from pyspark.ml.tuning import ParamGridBuilder

params = ParamGridBuilder () \
.addGrid (feature.inputCol, ["text"])\
.addGrid (feature.outputCol, ["features"])\

.addGrid(lr.elasticNetParam, [0.0,0.5,1.0])\
.addGrid(lr.regParam, [0.1, 2.0]1)\
.build()

(

( ]
.addGrid (feature.minCount, [3,5,10,15])\

(

(

# Automate tuning to get the best parameters and

# hyperparameters

from pyspark.ml.tuning import TrainValidationSplit
tvs= TrainValidationSplit () \

.setTrainRatio (0.75) \
.setEstimatorParamMaps (params) \

.setEstimator (pipeline) \

.setEvaluator (evaluator)

Results
After running the setting up all the functions, we fit the model and get the result.

Code:
# Fitting the model
tvsFitted = tvs.fit (train)

## check
evaluator.evaluate (tvsFitted.transform(test))

Getting the following result:

Figure 25: Result of training model

So, we have a 90%.[Req:021]
We can save the model to reuse it later in our application.

tvsFitted.bestModel.write () .save ('./modelTrainSplit90")



Software Design

First approach

Once we have the model trained, we are ready to develop the application that is going to be
run by Spark. We can create our application in Java, Python or Scala. Scala is the native
language in which Spark is written, and many developers prefer to use it because of this
reason, however, learning Scala is out of the scope of this project. The prefer choice, after
training the data model and get familiarized with the APl in python of Spark it is to write the
application in Python. There is an API developed by lucid works, the same people who has
developed Solr to do the integration of Solr with Spark. This APl can be used in python. After
writing the whole code, we realized that this APl doesn’t support structured streaming!?.
Structured streaming in the technology that Spark recommended, and is encouraging to
developers to use it, as RDD is lower lever data type.

Final approach

We decide don’t use the API to integrate Solr and Spark developed by lucid work team and
use our own design. In order to connect our application with Solr, we will use the connector
created for Java by Apache Solr. The APl is called Solr).

Class Diagram

VoidFunction2
{abstract} JobDetails
+ fitle: Siring
+ himl: String
+ link: String
+ label: Double
Extends
+ selTitle{String)-void
+ setHtmI{String)-void
ProcesslJobBatch + setLinkiString:void
______ _ + setLabel{Double):void
Use= = = = 2> . gefTitle()-String
+ getHtmi()-String
+ call{Dataset=Row=,Long): yoid + getLink{): String
A + getLabel(): Double
]
Use
]
1
1
AnansiSpark

solrClient: HitpSolrClient

+ main(Stringl] args): void

Figure 26: Al Class Diagram

AnansiSpark

In order to create an application that must be executed by Spark, we need to create a main
class, which must have a main method. The main class must specify when we launch the
application using spark-submit, in case that the class has not an entry point: main, it will
raise an exception. The control flow of the program is the following:

11 GitHub. (2019). Solr support for Structured Streaming - Issue #185 - lucidworks/spark-solr. [online] Available
at: https://github.com/lucidworks/spark-solr/issues/185 [Accessed 12 Jan. 2019].
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Figure 27: Al Flow Control

JobDetails

This is the Java Bean class needed by Spark to convert a Data Set into an RDD. As we can see
in the class diagram, it has four attributes. Each attribute corresponds with one of the
columns of our data set, after we have applied the Pipeline Model, and selected only title,
htmltext, link and prediction.

I

Y

title
text
htmltext

link /Uata Set

vy Y

JobDetails

features

rawPrediction
probability
prediction >

_
Figure 28: JobDetails Mapping

ProcessJobBatch

In order to be able to select a sink that is not part of the Spark API, we must create our own
solution. One of the choices is using the method foreachBatch of the DataStreamWriter.
This method allows us to implement a logic which will be applied to each batch of our data
set. This method needs as parameter a class which implements
org.apache.spark.api.java.function.VoidFunction2. ProcessJobBatch must implement the
method call, this method is the one that will be called for each batch. The batch will be a
Data Set. We will convert this data set in a collection of RDD. For each RDD, we will create a
Solr Document, using the SolrJ API, and will send to Solr. We have to do commit, if we want
that the document is saved into Solr. We can see the control flow of the program in the
following figure.
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Figure 29: ProcessJobBatch Flow Control

Architect of the system

We can see the whole system and how is integrated in the following diagram.
title —_—

title
title o~ — ; \\ ~h text
description JSON /Data Set , o htmltext

y / \ Solr]
link : himitext '[—F'i/ellne Model link ata 5e o /\h\
Spark Streaming link P e / JobDetails ( Salr 5
+ Clean Up / e

rawPrediction
probability

prediction ——

. /
Figure 30: Architect of Al

Spark Streaming is listening the folder of Hadoop for new files, in which the crawler is saving
new jobs in JSON format. Every ten seconds (configuration stablished in our code
ApacheSpark class), Spark Streaming get every new file and create a new micro batch. It
loads every job that is provided as a JSON format into a row of a new data set. It cleans up,
tokenizer and remove the stop words in the same way that we described in the Training
Model section. Once this has finished, it uses the Pipeline Model that we create during the
training to transform the dataset in a new one with, among other, a prediction column. This
new column would be 1.0 in case it is an IT Job, and 0.0 in otherwise. The program filters
those with the column equal to 1.0, so we keep only the IT Jobs. Finally, we got our dataset
with IT Jobs, so it is time to send them to Solr. We use a Java Bean class to transform our
data set into a collection of RDD, as each row will be converted into one RDD. For each RDD,
that is a Job, we create a new Solr document using the Solr) APl and send them to Solr. This
process is repeated every ten seconds if there is any new file into Hadoop folder.



Chapter 6: Search Engine

Requirements

[Req:026]

The system must be fault tolerance, in case that there is any error, it should be able to
continue.

[Req:027]

The system must be highly scalable. In case that the volume of work increase, it should be
possible increase its capacity increasing the number of resources.

[Req:028]

The system must be able have any connector which allows to integrate with a Java
application.

[Req:029]

The user must be able to access to the system through their favourite browser.

[Req:030]

The user must be able to introduce a sentence or set of key words to the system using an
interface and perform a search.

[Req:031]

The system must retrieve a list of jobs which match the search performed by the user.
[Req:032]

The user must be able to get a score about the best match, so they can figure out how good
was the search, in terms of relevance.

[Req:033]

The user must be able to see how many jobs have been found for the current search.
[Req:034]

The interface to the user must be simple, with the search box in the middle and a button.
Below, it will show the list of jobs that match the search.

[Req:035]

The user must be able to go to the source of the job to get more details and apply, in case
they are interested in.

[Req:036]

The terms of the search that appears in the text of the match, should be highlighted, so the
user can easily recognize them.

[Req:037]

The title of the job should be in the top of the text of the job, so, the user can know what
the job is about.
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Figure 31: Search Engine Design Overview
Module ' Function
Apache Solr Apache Solr will be the search engine of our system. It will automatically

index the text and process the searching. It will calculate the score and
retrieve the list of jobs that match the search. [Req:026] [Req:027]
[Req:028] [Req:032] [Req:033]

Apache Web Server This will provide the pages to each browser client which connect to our
system. [Req:029]

Codelgniter This will be the framework for our PHP application. It will allow us to use
the programming pattern Model View Controller

AnansiSearch This is the application built on the apache web server which will contain
the logic of our system.

Client This module will send each processed job to Apache Solr using JSON

format [Req:022]

Software Design
User Interface

User Flows
The first page will be to introduce the search, after clicking on the search button, the user
will get the retrieving job list page.

42 2
Entry Search Retrieving Job List

Figure 32: Search Engine User Flows

Entry Search
The user interface will have a box in the middle and a button to do the search. The following
will be the look when the user access to the web site [Req:030] [Req:034].
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Figure 33: Search Engine Home Page

1. Box to entry a sentence or a set of keywords.
2. Search button. After the user click on the button, the system will perform the search.

Retrieving Job List
After performing the search, the user will get a list of jobs that match their entry.

1. Max score shows the relevance with the search text introduced by the user for the
first job shows in the list [Req:032]. This number is coming from Solr and is using the
Lucene scoring model (solr-search-relevancy, n.d.).

Number of documents found for the search [Req:033].

Title of the job [Req:037].

Text of the job, with the terms of the search highlighted [Req:036].
This list will show a link to the URL of the source of the job [Req:035].

vk wnwN



Anansi Search

What are you looking for?

pl/sql Search!

Docs:0-20/172 2 1 MaxScore:10.960176
Archer Recruitment 3

Description Great opportunity for an Cracle plisql Developer to join an Agile development team building new enterprise scale appfications using 4
Cracle plsql and Oracle ADF. This is a friendly environment with go Oracle plésql Developer Great opportunity for an Oracle plisq! Developer to
Join an Agile development team building new enterprise scale applications using Oracle pl/sql and Oracle ADF. This is a friendly environment with
good benefits, flexibility and work - fife balance. Great opportunity to 3ain excellent experience building compiex, high performing systems. This
rofe could suit a senior Oracle developer or a mid levef Oracle developer looking to make a step up. This is an excellent cpportunity for a developer
who enjoys both back end and front end development, particularly solving challenging back end probiems using plisql code. Role / opportunity:

. Oracle pifsql Deveioper ¢ Agile Scrum Team « Building business critical applications ¢ Oracle ADF « Backend and
Ui development o West Dublin « Oracle plfsql, Oracle ADF, Unix Permanent Role « Strong benefits package » Great
training and career progression opportunities Skills / experience: ¢ 3 6+ years' experience building software applications « Strong
plisgl development skilis Interest in learning and expanding your skill set Pockage: ¢ EUR 55,000 - 62,000 dependent on
experience « Strong Benefits Packoge ¢ Permanent For more information contact Kieran Tumulty in confidence on 01 649 85100r |
specialize in dotabose and business intelligence recruitment.

https://weww.irishjobs.ie/Jobs/Oracle-PL-SQL-Developer-8263179.aspx 5

EOLAS - IT RECRUITMENT SPECIALISTS JOBS
Description Leading South Dubiin based client is looking for an Oracie pi/sqi Developer. Oracle Developer Leading South Dublin based client is

lnnlionm Fre mm Oemeln ol feal Dl Tha Aidmra will b i bind i daa A mnd mrndibine menrt af clinnte cnnnebion

Figure 34: Search Engine Retrieving Job List

Components
We have used the programming pattern Model View Controller. It is not a complex website,
as it has no so many components.
Controller
We have two controllers, one which will handle the first status of the page, when the user
access to the site. A second to handle the search.
View
We have three views.
e Home.php: the first view when there is not request performed.
e No_response.php: when there is no match
e Response.php: shows the list of jobs
Model
We only have one model, to access the data in Solr: Anansi_model.php



Controllers

Views
home.php
home.php
response php
search.php
no_response.php
Model
—

anansi_model
Figure 35: Search Engine Components Overview



Chapter 7: Results and Evaluation

The purpose of this project was to create a portal web, so everyone could be able to search
for IT jobs in Europe. Not only that, but to create a system capable to crawl the web using a
distributed system, highly scalable and fault tolerance, perform machine learning on those
data and send to a NoSQL database in which the text will be indexed. In order to test the
system, | have chosen one domain: www.irishjobs.ie. | have extended the crawler to be able
to parse the pages of this domain and download its content in Hadoop.

We launch the web to admin the domain our crawler is going to get information from.

Anansi Admin Domains Admin Nodes

Administration of Domains

Please enter the name of domain

Add optional description
Manager Class Worker Class Submit

https: //www.irishjobs.ie/jobs irish jobs 2018-09-18 18:02:09.637184

AnansiWeb 2018

Figure 36: Testing Anansi Web Domain Control

We run the Master, which start to listen for new requests. Every minute, it will retrieve a
TimeOut, so we know that is working.
® O @ - alonso — anansiweb@osboxes: /tmp/gittmp — ssh anansiweb@Iocalhost -p 4...

[anansidb=> update ana_nodes set node_status='A"'; ]
UPDATE 1

[anansidb=> \qg

[anansiweb@osboxes:~$ 1s

projects

[anansiweb@osboxes:~$ cd /tmp/gittmp/

[anansiweb@osboxes: /tmp/gittmp$ s

README.md anansi_node-8.1.jar poc-office-8.0.1.jar
anansi_hq-8.0.1.jar node.config src
[anansiweb@osboxes:/tmp/gittmp$ ls -la

total 130028

drwxr-xr-x 4 anansiweb anansiweb 4096 Sep 17 16:02 .

drwxrwxrwt 23 root root 4096 Sep 19 18:13 .

drwxr-xr-x B8 anansiweb anansiweb 4096 Sep 17 16:02 .git

-rw-r-=-r-— 1 anansiweb anansiweb 5 Sep 16 14:32 README.md

—-rwxrwxrwx 1 anansiweb anansiweb 44919427 Sep 17 16:02 anansi_hg-0.08.1.jar
-rwxrwxrwx 1 anansiweb anansiweb 43930300 Sep 17 16:02 anansi_node-8.1.jar
-rw-r-—r-— 1 anansiweb anansiweb 138 Sep 16 16:43 node.config
-rwxrwxrwx 1 anansiweb anansiweb 44269203 Sep 17 16:02 poc-office-8.0.1.jar
drwxr-xr-x 2 anansiweb anansiweb 4896 Sep 16 16:02 src
[anansiweb@osboxes: /tmp/gittmp$ java -jar anansi_hqg-0.0.1.jar

TimeOut

Figure 37: Testing Executing Master


http://www.irishjobs.ie/

After the node has been registered, we can see the message between one node and the
server:

TimeOQut

| TimeOut

TimeOut

TimeOut

lanan51web@osboxes /tmp/glttmps ]ava -jar anansi hq -0. 0.1 jar

.Message parseMessage

INFO: Par51ng message. INIT|colonialone|10.0.2.15

.dla .Message <init>
INFO: Message cmd INIT Parameters[colonlalone, 10.0.2.15]
Sep 19, 2018 6:17:36 PM org.apache.tomcat. jdbc.pool.ConnectionPool init
WARNING: initialSize is larger than maxActive, setting initialSize to: 6
Sep 19, 2018 6:17:36 PM org.apache.tomcat. jdbc.pool.ConnectionPool init
WARNING: minIdle is larger than maxActive, setting minIdle to: 6
Sep 19, 2018 6:17:36 PM org.apache.tomcat.jdbc.pool.ConnectionPool init
WARNING: maxIdle is larger than maxActive, setting maxIdle to: 6
Sep 19, 2018 6:17:37 PM com.anansi.common.communication.Message <init>
INFO: Message cmd: INIT Parameters[12]

i - . P ication.HqTalkative registerMachine
INFO: Sending id for new node INIT|12

INFO: Par51ng message REP[12|4|4

| INFO: Message cmd: REP Parameters([12, 4, 4]

ommunication.Message parseMessage

ommunication.Message <init>

Figure 38: Testing Communication Node

The first message is the Node sending the message to register: INIT| Name of the node|IP
The second is the answer from the server: INIT| 12, telling to the node which is its Node Id.
After this, the node send a message REP|NodelD|4|4. We can see as the node has received
correctly which is going to be its identified for communications: 12, and it is indicating its
capacity: 4, so it has 4 teams working. This node can do 4 jobs at the same time, and with
the last number: 4, it is telling to the server that it has no jobs currently, so, the server can
assign 4 jobs to it.

After that, the server send a job: JOB|12].... The JOB command, followed by the ID of the
node, the url domain, and the classes.

Server @ © @  alonso — hadoop@osboves: tING@EM@ — ssh anansiweb@localhost -p 4000... |
Sep 19, 2018 6:17:37 PM con.anansi.common.communication.Message <init>
Sep 19, 2018 6:17:37 PM com.anansi.common.communication.Message parseMessage INFO: Message cmd: INIT Parameters(12]
| INFO: Parsing message: REP|12]4|4 Sep 19, 2018 6:17:37 PM com.anansi.communication.NodeTalkative registerMachine
Sep 19, 2018 6:17:37 PM com.anansi.common.communication.Message <init> INFO: Registered Machine: colonialone with ID: 12
INFO: Message cmd: REP Parameters(12, 4, 4] Sep 19, 2018 6:17:37 PM com.anansi.communication.NodeTalkative run
Sep 19, 2018 6:17:37 PM com.anansi.common.communication.Message <init> INFO: Socket opened with HQ!

INFO: Message cmd: JOB Parameters[12, https://www.irishjobs.ie/jobs, irishjobs_s|Sep 19, 2018 6:17:37 PM com.anansi.common.communication.Message <init>

| pider-0.8.1.jar, com.anansi.irishspider.ManagerIrishlobs, irishjobs_spider-@.0.1|INFO: Message cmd: REP Parameters(12, 4, 4]

.jar, com.anansi.irishspider.WorkerDownloadWeb) Sep 19, 2018 6:17:37 PM com.anansi.common.communication.Message parseMessage
FPPRET T LTS T A i P MoTolioed iooloh INFO: Parsing message: JOB|12|https://www.irishjobs.ie/jobs|irishjobs_spider-0.0
INFO: Sending JOB|12|https://www.irishjobs.ie/jobs|irishjobs_spider-8.0.1.jar|co .1.jar|com.anansi.irishspider.ManagerIrishlobs|irishjobs_spicder-08.@.1.jar|com.an
m.anansi.irishspider.ManagerIrish)obs|irishjobs_spider-0.0.1.jar|com.anansi.iris Jansi.irishspider.WorkerDownloadWeb

hspider.WorkerDownloadWeb Sep 19, 2018 6:17:37 PM com.anansi.conmon.comnunication.Message <init>

INFO: Message cmd: JOB Parameters([12, https://www.irishjobs.ie/jobs, irishjobs_s
Sep 19, 2018 6:17:38 PM com.anansi.common.communication.Message parseMessage pider-@.8.1.jar, com.anansi.irishspider.ManagerIrishlobs, irishjobs_spider-9.0.1
| INFO: Parsing message: REP|12]4|3 .jar, com.anansi.irishspider.WorkerDownloadWeb]
Sep 19, 2018 6:17:38 PM com.anansi.common.communication,Message <init> Sep 19, 2018 6:17:37 PM com.anansi.communication.NodeTalkative protocolReporting
| INFO: Message cmd: REP Parameters(12, 4, 3] INFO: Response from HQ JOB|12|https://www.irishjobs.ie/jobs|irishjobs_spider-2.0
Sep 19, 2018 6:17:38 PM com.ansnsi.common.communication.Message <init> -1.jar|com.anansi.irishspider.ManagerIrishlobs|irishjobs_spider-8.8.1.jar|com.an
| INFO: Message cmd: OK Parameters(] ansi.irishspider.WorkerDownloadWeb
Sep 19, 2018 6:17:38 PM com.anansi.communication,.HqTalkative assignlob
| INFO: Sending OK| ep 19, 2018 6:17:38 PM com.anansi.common.communication.Message <init>

NFO: Message cmd: REP Parameters(12, 4, 3]
Sep 19, 2018 6:17:41 PM com.anansi.common.communication.Message parseMessage ep 19, 2018 6:17:38 PM con.anansi.communication.NodeTalkative protocolReportin

Figure 39: Testing Communication Master-Node

The Node receive that, and update its spare capacity, telling the server that REP|12]4]3, it
is the Node with id 12, it has 4 teams, and it can take 3 jobs more.




We can stop the server and the nodes, with a telnet connection, sending the command
STOP. As the connection is with format ASCII, we can communicate using this kind of tools.

INFO: Message cmd: REP Parameters[12, 4, 3] INFO: Message cmd: REP Parameters[12, 4, 3]
Sep 19, 2018 6:33:22 PM com.anansi.common.communication.Message <init> | Sep 19, 2018 6:33:22 PM com.anansi.common.communication.Message parseMessage
INFO: Message cmd: OK Parameters[] INFO: Parsing message: OK|
Sep 19, 2018 6:33:22 PM com.anansi.communication.HqTalkative assignlob Sep 19, 2018 6:33:22 PM com.anansi.common.communication.Message <init>
INFO: Sending OK| INFO: Message cmd: OK Parameters(]
Sep 19, 2018 6:33:22 PM com.anansi.comrunication.NodeTalkative protocolReporting
Sep 19, 2018 6:33:23 PM com.anansi.comnon.communication.Message parseMessage | INFO: Response from HQ OK|
INFO: Parsing message: STOP
Sep 19, 2018 6:33:23 PM com.anansi.common.communication.Message <init> Sep 19, 2018 6:33:22 PM com.anansi.communication.NodeTalkative protocolReporting
INFO: Message cmd: STOP Parameters| INFO: Ended communication with HQ
Sep 19, 2018 6:33:23 PM com.anansi.communication.HqTalkative setStopServer Sep 19, 2018 6:33:25 PM com.anansi.comrunication.NodeTalkative run
INFO: We have to stop... INFO: Socket opened with HQ!
Sep 19, 2018 6:33:25 PM com.anansi.common.communication.Message parseMessage Sep 19, 2018 6:33:25 PM com.anansi.common.communication.Message <init>
INFO: Parsing message: REP|12]4|3 INFO: Message cmd: REP Parameters[12, 4, 3]
Sep 19, 2018 6:33:25 PM com.anansi.common.communication.Message <init> Sep 19, 2018 6:33:25 PM com.anansi.common.communication.Message parseMessage
INFO: Message cmd: REP Parameters[i2, 4, 3] INFO: Parsing message: STOP|
Sep 19, 2018 6:33:25 PM com.anansi.common.communication.Message <init> Sep 19, 2018 6:33:25 PM com.anansi.common.communication.Message <init>
INFO: Message cmd: STOP Parameters(] INFO: Message cmd: STOP Parameters|(]
TimeOut Sep 19, 2018 6:33:25 PM com.anansi.communication.NodeTalkative protocolReporting
TimeOut INFO: Response from HQ STOP|
TimeOut
TimeOut Sep 19, 2018 6:33:25 PM com.anansi.comrunication.NodeTalkative protocolReporting
TimeOut INFO: Server ordered to go to sleep

hadoop@osboxes: /tap/gittmps ||

-

Woung 110

10': 7 Escntg ® @ 7 alonso — -bash — B0x13 o isat i atatnatine seaspinh
| 6:17:41 PH com.a 15 g DisPOsithos [37 DOCUft Last login: Wed Sep 19 23:14:3@ on ttys@e2 0l st PerIseYiase
| .8 | | Transcen MacBook-Pro-de-Alonso:~ alonso$ telnet localhost 6700 o
e © Descal trying ::1... towmachir
.0 Etiquetas o~ | telnet: connect to address ::1: Connection refused
v s (sl alonsg Trying fe8®::1...
.8 Referenc | telnet: connect to address feB8@::1: Connection refused
.Q 2 Dispositivos | Trying 127.0.0.1... hoy 23:28
.0.cv2 =058 T , Connected to localhost. Modif hoy 23:30
ran: Y
.0.2.2 - - [19/8 — sqE-scape character is '~1'. g 8 hoy 23:30
.0.2.2 - - (19/8 ;STOPl 2
.0.2.2 - - [19/¢8 Etlquetas Connection closed by foreign host. 1148x 373
.0.2.2 - - [19/8 Referel MacBook-Pro-de-Alonso:~ alonsos [ Etiquetas
.0.2.2 - - [19/8 |

Figure 40: Testing Stop Command for Server

The server receives the message, and then, it will communicate to the Nodes, when they
send the status report.

® ® - alonso — hadoop@osboxes: /ftmp/gittmp — ssh anansiweb@localhost -p 4000 — 116x24
drwxr—xr—x - hadoop supergroup 2 ZB1B-@89-18 14:87 Shomefanansiweb/2018/089/18

hadoop@osboxes: /ftmp/gittmp$ hadoop fs -1s fhomefanansiweb/281B/89/18

18/85/19 1B:36:25 WARN util.NativeCodelLoader: Unable to load native-hadoop library for your platform... using builti
n-java classes where applicable

Found 125 items

—rw—r——r-— 3 hadoop supergroup 124238 ZR1B-B9-1B 14:087 fhomefanansiwebﬁ2918!99;18!httpswwwirishjobsieJoszxFin’
ancialAccountantInternetB22BB17aspx t
—rwW=F=—r-— 3 hadoop supergroup 138806 201B-05-18 14:87 /home/anansiweb/281B/@59/1B/httpswwwirishjobsielobsADCTe |
amLeader]obB22BB58aspx |
—rwW=F=—r-— 3 hadoop supergroup 148802 Z@18-@%-18B 14:87 /home/anansiweb/281B/0%9/1B/httpswwwirishjobsielobsAccou
ntantB222853aspx f
—rwW=F=—r-— 3 hadoop supergroup 124149 Z@18-8%-18B 14:87 /home/anansiweb/281B/09/1B/httpswwwirishjobsielobsAccou
ntsAssistanteuro2BkB22BB24aspx

—FwW—F——r—— 3 hadoop supergroup 123424 2Z018-89-18B 14:87 /home/anansiweb/281B/09/1B/httpswwwirishjebsielobsAccou
ntsPayableAccountsAssistantRetailB22B8B822aspx

—FwW—F——r—— 3 hadoop supergroup 142282 Z@18-@89-18B 14:87 /home/anansiweb/281B8/09/1B/httpswwwirishjebsielobsAccou
ntsPayableAdministratorB221752aspx

—FwW—F——r—— 3 hadoop supergroup 145798 Z@18-@9-18B 14:87 /home/anansiweb/281B/09/1B/httpswwwirishjebsielobsAccou
ntsReceivableTeamLeaderCoB22B29Baspx

—rW—Fr—F— 3 hadoop supergroup 154188 2018-85-18 14:87 fhomefanansiweb/2B18/85/18/httpswwwirishjobsielobsAngul
arFrontEndSoftwareDeveloperB219772aspx

—rW—Fr—F— 3 hadoop supergroup 141442 2018-85-18 14:87 fhomefanansiweb/2B18/85/18/httpswwwirishjobsielobsAppre
nticeButcherJobDublinB221817aspx

—FwW—F——r—— 3 hadoop supergroup 125150 201B8-R9-18B 14:87 /home/anansiweb/201B/@9/1B/httpswwwirishjobsielobsArchi

Figure 41: Testing Hadoop Integration

After the node has finished, we can see how the documents have downloaded and saved
into the HDFS file system.

Then we launch Spark Streaming which will start to check for each new file that is the folder.
After being running in background for a while, we check Solr:



i/
E ; Request-Handler (gt} =< http://localhost:8983/solr/gettingstarted/select?q=":*
O r [select
{

W

common "responseHeader" : {
. Dashboard q “zkConnected":true,
I “status":@,
(= Logging : "QTime":34,
<= Cloud “params":{
fq g
| Collections = "_":"1547419414248"}},
- . "response”:{"numFound”:927, "start”:0, "maxScore":1.8,"docs": [
. Java Properties sort
{
Thread Dump "id":"549868dd- f3b7-41ea-9556-2b58934022d8",
; "title":["Computer Futures"],
. start, rows
i Suggestions 0 10 “html":["Description . *#* Front-End Developer, based in Wexford** A unique opportunity tc
"link":["https://wew.irishjobs.ie/Jobs/Software-Developer-8268587.aspx"],
gettingstarted - fl "label”:[1.0],
" _wersion_":1620844835939287040},
i Overview L
T Analysis df *3id":"39628bf-5401-49ef-aSee-5207691d7db0" ,
"title":["Irish Recruitment Consultants"],
| Dataimport "html":["Description You will get the opportunity to design &amp; develop new, innovative :
Raw Query Parameters ’ ’ -
| Documents "link":["https://waw.irishjobs.ie/Jobs/scftware-engineer-or-Dev-Ops-8268512.aspx"],
v keyl=vall&key2=val2 -
label":[1.0],
L Files wt " version_":1628844884553318208},
,;' ------ “ {
D "id":"a9f%alde-75e9-4e3c-821b-8d3b950eB2ea™,
@ Stream indent off "title":["Enterprise People &ndash; IT Recruitment Specialists"],
-] schema DdebUQQueW "html":["Description Service Delivery Manager required for leading Dublin based client. Cal
"link":["https://waw.irishjobs.ie/Jobs/Service-Delivery-Manager-8268483.aspx"],
[ dismax "label":[1.0],
Core Selector = | | O edismax "_version_":1620844961761867008},
{
O

"id":"68e41dBa-B8427-4c5e-8539-948498393e51",
D facet "title":["Workday"],
[ spatial “html":["Description Tt's fun to work in a company where people truly believe in what they'

Figure 42: Testing Solr

We can see that documents have been loaded for each job, with the JSON structure.
We go to the searching web and introduce the keywords pl/sql:



What are you looking f

pl/sql

Docs:0-20/172 Max.Score:10.960176

Archer Recruitment

Description Great opportunity for an Oracle pl/sql Developer to join an Agile development team building new enterprise scale applications using Oracle pl/sql and Oracle ADF. This is a friendly environment
withgo Oracle pl/sql Developer Great opportunity for an Oracle pl/sql Developer to join an Agil team building new ise scale applicati ing Oracle pl/sql and Oracle ADF. Thisis a
friendly environment with good benefits, flexibility and work - life balance. Great opportunity to gain excellent experience building complex. high performing systems. This role could suit  senior Oracle
developer or a mid level Oracle developer looking to make 6 step up. This is an excellent opportunity for a developer who enjoys both back end and front end development, particularly solving challenging back
end problems using pl/sql code. Role / opportunity: e Oracle pl/sql Developer » Agile Scrum Team o Building business critical applications o Oracle ADF » Bock end and Ul
deveiopment o West Dublin o Oracle pi/sql, Oracie ADF, Unix o Permanent Role o Strong benefits package » Great training and career progression opportunities Skills /

experience:e 3- 6+ years' experis ications e Strong plfsql skilss  Interestin yourskill set Packoge:s  EUR55,000-
62,000 dependent on experience e Strong Benefits Package Formore i i Kieran Tumulty in confidence on 01 645 8510 or | specialize in database and business
intelfigence recruitment.

https://www.irishjobs.ie/Jobs/Oracle-PL-SQL-Developer-8263179.aspx

EOLAS - IT RECRUITMENT SPECIALISTS JOBS

Description Leading South Dublin based ciient is looking for an Oracie pl/sql Developer. Oracle Developer Leading South Dublin based ciient is fooking for an Oracle pi/sql Developer. The successful
candidate will be involved in thy and ion support of clients reporting appiicati fence: 2+ years Oracle pl/sql, SQL development 2+ years Oracle Forms experience Experience
with Oracle Performance Tuning Excellent English language skills, verbal and written Ability to work with users and to analyse user requi Team player B2 ble to work under pressure and
react to ever-changing user requirements HOW TO APPLY - Product Implementation Support Consultan If you are interested in this role - please apply for this role with your updated CV and [ will be in

It retrieves 172 documents.

The system is working, as expected.



Chapter 8: Conclusions and Future Work

In order to get a system such, | have designed, | have analysed different approaches, and
technologies in the market. All the technologies that | took into account must be open
source and free of licence. The target of the project was too ambitious, trying to get a portal
which gives users statistics for different languages, considering security, and so on.
However, the main objective that was put in place an application able to collect information
from the web and make it available to the user through a web, has been accomplish from
end-to-end. Even, when spark, solr and other technologies are giving so good results in
production environments, it seems to me that there is a gap on its capabilities of
integrations. There is no so much documentation about then, and most of the knowledge
are in forums and Stackoverflow.

For future work, there are many possibilities. The system is working only for one web, and
this web has jobs in English. One of the first things would be training a model to be able to
distinct between an English job and a job in another language. After getting this done, it
would be possible to start creating parsers for web sites in other countries of Europe, so we
can filter only those in English.

Another thing would be doing a multi-label classification of the jobs with languages that are
required for that job position: Java, P1/SQL, SQL Server, Python, Scala, and so on. Doing that,
would be possible to Solr do search by languages and technologies. Also, it could be possible
to connect Spark to Solr, this time to read from Solr, and analyse what technologies are
trendy, and adding an attribute with the country, classified most important technologies for
countries. As you can imagine, there are a lot of possibilities, once we have a system like this
working. The extension and future works are huge.



Chapter 9: References and Bibliography

Lerdorf, R. (n.d.). sitepoint.com. Retrieved from https://www.sitepoint.com/rasmus-lerdorf-
php-frameworks-think-again/

solr-search-relevancy. (n.d.). Retrieved from solrTutorial: http://www.solrtutorial.com/solr-
search-relevancy.html

Spark.apache.org. (2019, 01 01). Retrieved from
https://spark.apache.org/docs/1.6.0/api/java/org/apache/spark/ml/tuning/TrainVali
dationSplit.html

Word2vec. (n.d.). Retrieved 1 12, 2019, from Wikipedia: The Free Encyclopedia:
http://en.wikipedia.org/wiki/Word2vec

xAppendices

Crawler
Common libraries

al
anansi_common-master.zip

Node Code

Al
anansi_node-master.zip

Master Code

1
|
anansiHQ-master.zip

Anansi Web in flask to administrate domains

|
anansiweb-master.zip
Classes to parse irishjobs [extended Manager and worker classes]
i
irishjobs_spider-master.zip

Al
Code in python to train the model

..

training_model.py

Code to run in Spark to classify jobs and load them into Solr

?.

jobs-spark-master.zip



Search Engine Application
Code using Codelgniter for the web to perform searching

|

anansi_search-master.zip
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