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Abstract

The graph database is suitable for storing millions of nodes and edges.
However its rather difficult to see through even a graph with twenty nodes
and connections between them. It makes the search and the managing of the

graphs difficult and complicated.

| would like to show the process of the system at the TDK. | am going
to choose the key points and related topics. | want to emphasize that if it
works like that here, it will work on the research of the professors in a

different system. This kind of tool has been called ScienceMesh.In my work,

| am going to use SienceMesh as the name of the process. This new
scientific point of view will help to improve in all field of science. As result,
remarkable change will happen to the human's way of thinking. The question
is why this has never happened yet. We have used the graphs in many fields

of science but we have never used in everyday life.



Kivonat

A grafadatbazisok alkalmasak tobb millids méretli grafok tarolasara,
ezzel szemben hlsz csomopontos graf atlatasa is nehéz egy ember szdmara.
Ez az ellentmondas nehézkessé teszi a grafadatbazisok ellendrzését, keresést

benntik, és Ugy altaldban a hasznalatat.

A graf vizualizacioval egy adott felileten tobb talalatot tud
megjeleniteni és a kapcsolatokat is megtalalja kozéttiuk. gy ha egy cikkre
akarunk rékereseni akkor a kapcsolodo cikkek is egybdl megjelennének és

ralatast nyernenk a kutatasi tertlet tobbi cikkére is.

A publikécio sordn a TDK-an fogom bemutatni a graf vizualizacid
modszertanat. Az eddig feltoltott publikaciok és adatok felhasznalasaval egy
graf adatbazist €pitek €s mutatom be rajta a mddszer eldnyeit. Ennek a
folyamatnak a ScienceMesh elnevezest adtam. A grafokat szinte minden
kutatasi tertileten hasznaljuk, de a mindennapi életben meg nem tértént meg
az attorés. A keresés graf vizualizacioja els6 sorban most kutatoknak késziilt,
de a jovOben mindenki szdmara alkalmas lehet a grafok adta informécid

tobblet megértésére.



1 Introduction

In 1735 Konner Euler! published the Seven Bridges of Konigsberg and became
the first person who wrote about how graph helps to understand problems. He started to

build a new tool case to see the world in a different aspect.
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Figure 1.1 The Seven Bridges of Koningsberg

Since 1735, there have been many advances in the field of graph theory and
topology. With a rigorous foundation for the field being built shortly thereafter, today’s
graph theory has grown to be quite broad in scope. Focusing only on the practical
applications, we can see that there are many domains where the understanding of graphs

and graph algorithms are vital to answering real business questions.

Probably the biggest known application of graph theory is Social Network
Analysis or SNA for short. SNA is the study of social networks, their structure and how
knowing this structure can lead to better understanding of behavior within social

networks. The most well-known social network is, of course, Facebook.
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Figure 1.2 Community of Facebook

There are many tools freely available on Facebook that allow you to study your

own social network structure and see patterns within your list of friends.

More than simply being a tool to show social networking structure, graphs are
used to predict what your interests are. These predictions are based not only on your own

behavior within a social network but also on the behavior of your friends

When | was an undergrad taking a graph theory course, I was assigned an
interesting project. The client was a hypothetical airline who needed a new system for
finding flights for customers. This airline had planes flying between 18 cities. They
needed a way to take customers from one city to another while ranking them by one of
three conditions: least number of layovers, lowest cost or earliest arrival time. Having
cities represented by nodes and flights between cities being represented by edges, we can
see that this problem is merely finding the most efficient path based on which of the three
conditions we want to be satisfied. This relatively simple problem has a very

straightforward solution, provided you know about Dykstra’s algorithm.

Ever wonder where your computer network is most vulnerable or susceptible to
failure? Well, computer networks are probably the easiest thing to represent as a graph
since networking pretty much uses graphs to represent the layout of any computer
network.

It’s easy to see that your graph will have nodes consisting of all the physical
connections within a network (computers, routers, hubs, switches, bridges, etc.) and the
edges in the network will be the actual connections (wireless or hardwired). Having a
simple weighted network graph (weights on edges representing load capacities), we can

determine if there are vulnerabilities within a network.



The question is why we stuck using only in science. Why don’t we use in all fields
of life starting with search?

1.1 Search systems today

We usually use keyword-based search to find expressions on the internet. This is
how Google, Bing and our mentality work. We type something into and we want to

browse the results to find the most specific answer for our keyword.

1.1.1 An illustrative example
Let's say we want to search the publication of Euler. We will type “Euler graph”,

which matches. Millions of results that is showed in an order given by an algorithm.

GO gle Euler graph m J Q

Osszes Képek Videdk Térkép Hirek Egyebek Beallitasok Eszk6zok
Nagyjabol 5 050 000 talalat (0,35 masodperc)

Eulerian path - Wikipedia

https://en.wikipedia.org/wiki/Eulerian_path ¥ Oldal leforditasa

In graph theory, an Eulerian trail (or Eulerian path) is a trail in a finite graph which visits every edge

exactly once. Similarly, an Eulerian circuit or Eulerian cycle is ...
Definition - Properties - Constructing Eulerian ... - Counting Eulerian circuits

Eulerian Graph -- from Wolfram MathWorld

mathworld.wolfram.com » ... » Simple Graphs » Eulerian Graphs ¥ Oldal leforditasa

irta: EW Weisstein - 1999 - Kapcsolddé cikkek

Some care is needed in interpreting the term, however, since some authors define an Euler graph as a
different object, namely a graph for which all vertices are ...

Figure 1.3 Keyword based search

It will contain the publication, maybe it is the first result or the third one. However,
the human brain works in a slightly different way, it is not only interested in the specific
answer but tries to find a connection to some related knowledge. For example, probably
we will get interested in Euler’s life as well. Should google list a reference about Euler’s
life in the search result? Currently, for one search we only get the information which is

the closest to the search word.

Let us give a simple intuitive example of how our brain can process information.
Assume we want to find a pencil on a table. Here, a Google search result can be
interpreted as listing the coordinates of the three pens on the table. However, showing a

picture of the table would be way more information to a human than a result list. A human



can immediately identify the three pens on the table, and can easily pick up one. Our brain
can process a lot of complex graphical information which should be better utilized in

presenting the search results.

Whoever, as soon as we find our pencil we will know where the pencil was and
what on the range of the pencil was. But Google only tells us the exact location of all
pencils but that’s all it can do. Our brain can understand more than the google results.

1.1.2 Several results same information

Most of the search results bear the same meaning but they are from a different
source. In most case, the user will choose the first option, which is mostly a good pick
but you used only a small fraction of the information you can see on the first page. The
high-level idea of the study to use a graph to represent the results which can help us to
see several closely related content to the search phrase that gives a more comprehensive

answer to the user’s query.

sound recorder m J Q

Osszes Képek Videok Térkép Hirek Egyebek Bedllitasok Eszkozok
Nagyjabdl 128 000 000 talalat (0,38 masodperc)

Online Voice Recorder - Record Voice from the Microphone
https://online-voice-recorder.com/ ¥ Oldal leforditasa

Our Voice Recorder is a convenient and simple online tool that can be used right in your browser. It
allows you to record your voice using a microphone and ...

Audio Recorder - Apps on Google Play
https://play.google.com/store/apps/details?id...audiorecorder&hl... ¥ Oldal leforditasa

Add to Wishlist. Install. Screenshot Image. Mentioned in The New York Times “...how to record your
own podcast” article for audio recording: ...

Free Sound Recorder - Capture any sound played by your computer
www.freesoundrecorder.net/ ¥ Oldal leforditasa

Free Sound Recorder helps you record any sound passing through any line of your sound card
including streaming audio/Skype/YouTube.

Audio Recorder - Download
https://audio-recorder.en.softonic.com/ ¥ Oldal leforditasa

Audio Recorder, free and safe download. Audio Recorder latest version: Go Beyond Recording with
Audio Recorder. Windows is a nawerful OS with loads of

Figure 1.4 Google results
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1.2 Advantages of graph visualization

In graphs nodes and edges are drawn, where an edge connects two nodes. When
the graph is an outcome of a search query nodes represent different contents related to the

search result.

There are many ways to present data to your users, but the node-link structure
instantly makes sense, even to people who’ve never worked with graphs before. With
graph visualization, it’s easy to explore relationships and uncover trends, insights and
network structures in graph data. This means your analyst tools can be used by the widest
possible audience. The node-link model of graph visualization can be applied to pretty
much any dataset. As long as there’s an interesting relationship in your data somewhere,

you’ll find value in graph visualization.

°
o

°
00

Figure 1.5 An example: Bitcoin transactions

Whether your users need to visualize email communication, credit card fraud, IT
networks, or data that isn’t inherently ‘graph’?— graph visualization can help. It brings a
new dimension to any dataset, revealing insight that would otherwise go undiscovered.
Our brains struggle with processing data but are great at spotting patterns if the data is
presented in a tangible format. Armed with visualizations, we can spot trends and outliers
very effectively. Integrating graph visualization into your web application will help your
users gain insight into their data quickly. Analysts often need to make fast decisions,

based on a deep understanding of data. Graph visualization empowers them to do that

11



with confidence. Exploring network data interactively allows users to gain deeper
knowledge, understand the context and ask more questions, compared to static

visualization.

1.3 ScienceMesh

We have also a university project called ScienceMesh. In the future, we want to

use graph visualization in a bigger database where the professors and publications can

Tree of Science - T. Janos, T. Laszlo, K. Ferenc, M. Daniel, K.-P Daniel

Figure 1.6 Tree of Science base page
upload all the researches they have. Make a community with the researchers from all field

of science and build together the Tree Of Science.

1.3.1 Google knowledge graph
Somewhere in 2012, Google announced the unveiling of the Knowledge Graph, a
tool which collates all the facts about people, places, and things to create interconnected

search results and present them in form of useful answers and not just links.

12



Data Sources for Google's Knowledge Graph

Knowledge
Graph Data for Know-Simple
Data for the Entity Boxes Boxes, Medical
and Knowledge Boxes Semantic database Knowledge Panels etc.
for identifying e.g. weather.com
entities and the
relationships
between them
Licensed
Data
Data for Entity Boxes ~ Kno ‘ Data for
and Carousel Boxes, X ‘ Entity Boxes
usually aided by
structured data and
information from the =3
Knowledge Vault

© Aufgesang Inbound Marketing, Olaf Kopp, 2017

Figure 1.7 Data for Knowledge

In science, the numbers of publications are growing like a tree. We make
publications from publication. And humanity wants to know about himself more and
more. The Knowledge Graph is a knowledge base used by Google and its services to

enhance its search engine's results with information gathered from a variety of sources.

The information covered by the Knowledge Graph grew significantly after launch,
tripling its original size within seven months (covering 570 million entities and 18 billion
facts), and being able to answer "roughly one-third" of the 100 billion monthly searches
Google processed in May 2016. The Knowledge Graph has been criticized for providing

answers without source attribution or citation.

13
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Figure 1.8 The Flow of Knowledge

1.3.2 Aims

We would rather build a system which could be helpful to scientists all over the

world to browse the knowledge tree in a different way.

1.4 How it works on TDK?

TDK is a good example to show how ScienceMesh can help to improve search
and browse experience of scientific knowledge.
offered to university students in the framework of the so-called Scientific Students'

Associations ("TDK", which stands for 'Tudoméanyos Diak Konferencia' in Hungarian).
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Perhaps the TDK report is not as informative as a scientific paper but it is a closer

example.

Tudomanyos Diakkori Konferencia

Figure 1.9 TDK main page

1.4.1 Nodes and edges
To build the SicenceMesh on TDK we have to choose what will be our nodes and
find connections between them to localize all the edges. We also have to make nodes

types to show the difference between the publications and the keywords.

15



2 Preparation for Database

To build this new system the first thing is to get the data for the optimized graph-
based database. If we had the tools to connect directly to the database, the preparation
would be simple. We get the data and transfer into nodes and edges but in this option, we
don’t have this tool, so we have to build an automatic downloader to get all the
information from the webpage. Using this technic, we can build ScienceMesh from any

structured web pages.

2.1 Get data from TDK webpage

The TDK topology is simple, there are faculties, rankings, years and keywords on

the main browsing page.

Bongészés a dolgozatok kozott

karok kulcsszavak
Tanszék, konferencia, szekcid, téma, és kiilondij szerinti bongészéshez valasszon  Legnépszertibb kulcsszavak:
kart:

anyaszat 31)-
sztes (2]

mérnoki Kar (EPK) (458 dolgozat]

AK) (361 dolgozat)

tudomanyi Kar (GTK) (661 dolgozat
(GPK) (735 dolgozat)
S Kar (KSK) (239 dolgozat)
(TTK) (205 dolgozat)
mérndki Kar (VBK) (444 dolgozat)

¢ Villamosmérnaki és Informatikai Kar (VIK) (576 dolgozat)

helyezések

* | helyezett @

(691 dolgozat) <)
) (4)- mérés 42)- mikrokontroller

(698 dolgozat]
orvezériés (3) - mihold (29) -
ek (4

zett (659 dolgozat)

* Jutalom (828 dolgozat) )

Figure 2.1 Browsing page

2.1.1 Make topology
The webpage also has a searching page where we can choose where and what we

want to search. From this, we can start the hierarchy choosing the faculties and start the

16
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sub category

Publication Publication Publication Publication Publication

Publication Publication

Publication

Publication

Publication

Publication

Publication Publication

&3
=
=
=

Publication

Publication

Publication Publication Publication

Publication Publication

Publication

Publication

JITTT

=
=
=
=
=

JITT]

Figure 2.3 Example of structure

search engine. It will give us all the results on that faculties and we can start to get the
details of the publications, going into the results and download the details and the pdf.

Dolgozatok listazasa

Listazasi feltételek

Kar: | Epiteszmenoki Kar (EPK) v

Tanszék: | Osszes v|

Konzulens: | Osszes v | Konzulens szerinti listazashoz elobb valasszon ki egy tanszéket!
Konferencia: | Osszes v|

Szekcio: | Osszes v | Szekcid szerinti listazashoz elébb valasszon ki egy konferenciat!
Téma: | Osszes v|

Szponzor: | Osszes v |

Kari ktilsndij: | Osszes v|

EE‘{;&ZT | Osszes v|

Ev: | Osszes v ‘—tc’:l‘ Osszes v g

Helyezés: | Osszes v|

Kulcssze: | |

Listazas

Figure 2.2 Search page
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The system will go step by step into all the research from all the pages and then
do the same in the next faculties.

dolgozatok

A szén allotrop médosulatainak erétani vizsgalata és épitészeti alkalmazasai
Epitészmérnaki Kar » Epitészmérnaki Kar 2012 konferencia » Tartészerkezeti Szekcid szekcié, 2012
Epitészmérnski Kar » Szilardsagtan és tartoszerkezetek téma

& Vetd Daniel Dr. ( Sziltan)

® Toth Viola

Jutalom

A tiikor sajat természete
Epitészmérnski Kar » Epitészmérnoki Kar 2012 konferencia » Képzémivészeti Szekcié szekeis, 2012
Epitészmérnoki Kar » Képzomiivészet téma
& Uveges Gabor Dr. ( Rajzi)
W Boros Eszter
IIl. helyezett

"Az én hazam, az én varam"
Epitészmérnaki Kar » Epitészmérnaki Kar 2013 konferencia » "Az én hazam" szekcis, 2013
Epitészmérnski Kar » Epitémivészet "Az én hazam" téma

& Kolossa Jozsef Dr. ( Lako)

4 Buriana Vanda Beatrix, Kun Déavid , Farkas Adam

Il. helyezett

"Hibrid" muzeumi terek - antik emlékek bemutatésa revitalizalt terekben

Epitészmérnoki Kar » Epitészmérnoki Kar 2014 konferencia » Epitészeti kritika és elmélet szekcio, 2014

ika és -elmélet téma

& Vasaros Zsolt Dr. ( Ipar)
® Molnar Martina Rebeka

Ill. helyezett

"Kortars piktorializmus™
Epitészmérnaki Kar » Epitészmérndki Kar 2012 konferencia » Képzémiiveszeti Szekcio szekeis, 2012
Epitészmérnski Kar » Képzomuvészet téma

& Uveges Gabor Dr. ( Rajzi)

W Borcsok Daniel

II. helyezett

lapozas: KMl « 1 2 3 4 5 »

Figure 2.4 Publications

2.1.2 Request and Beautiful python libraries
The request package in python gives us the opportunity to automate the webpage

calling.

Requests* allow you to send organic, grass-fed HTTP/1.1 requests, without the
need for manual labor. There’s no need to manually add query strings to your URLS or to
form-encode your POST data. Keep-alive and HTTP connection pooling are 100%

automatic, thanks to urllib3.

With BeatifulSoup® we can download the page and parse into a string to find the
data we want to save to our database. It also helps us to get the next reference to open by

request.

18



BeautifulSoup is a Python library for pulling data out of HTML and XML files.
It works with your favorite parser to provide idiomatic ways of navigating, searching and

modifying the parse tree. It commonly saves programmers hours or days of work.

2.1.3 Publication details selection

Some of the details are also in the publications and in the pages, we download
from, like our teacher’s name, my name etc. In order to avoid duplication of the data.
First, we get all the information we have from the web page and after that, we download

the pdf and get the text from it by a parser.

Kezdélap > Villamosmérncki és Informatikai Kar > Halozattervezés és szimulacio > Dolgoza

Egyuttmukodeési és adatfeldolgozasi
megoldasok a mai ipari loT vilag szamara

SZerzo
A dolgozat jelenlegi és lehetséges architekturdlis megoldasokat térgyal a Dolgok Internete (loT) Hegediis Csaba
koncepcidjanak ipari esetekre valo alkalmazasahoz. Felvezetésképpen bemutatom az Ipar 4.0 elképzeléseit, Villamosmérnski szak, mesterképzés
foként a régi-uj elvarasok begyljtésével és értelmezésével, esetlinkben a Productived.0 [1] eurdpai unids mesterképzes (MA/M5Sc)

projekt kapcsan. Ebben a projektben, a MANTIS projekthez [2] hasonldan, az loT vildag megkozelitéseit,
koncepciait és technikai megvalositasait kivanjuk az ipari esettanulmanyok kivitelezésére igaba fogni. A
MANTIS-on beliil szames iparag szerepelteti magat, tobbek kézott présgépek, hagyomanyos (féldgaz alapu) ko nZUleﬂS

energiatermelés vagy akar specialis ipari jarmivek (példaul targoncak) gyartoja is.
Dr. Varga Pal
Mindkét eddig emlitett eurépai projekt az Arrowhead [3] architektirdjara tamaszkodik, igy ezekben az elézé egyetemi docens, Tavkozlési és

munkaim eredményeit hasznaljak fel a partnerek. Tovabba, mindkét projekt esettanulmanyai érdekes, esetleg Médiainformatikai Tanszék
eddig még nem lekezelt kbvetelményeket tAmaszthatnak az Arrowheaddel szemben. Ezek rendkiviil fontosak,

az ipari partnerek 6 (izleti folyamataihoz és példaul logisztikajukhoz kéthets. Igy példaul az adat létrehozas

és intelligens feldolgozas vagy a piaci termékek integralhatosagénak kérdései is nyitottak. Néhany ilyen
probléma mar megoldott - néhany pedig még elemzésre szorul. \etOhZéS
Ezen problémak egy részét mutatom be dolgozatomban. igy példaul a MANTIS architektira referencia 8356 kB

implementacidit, melyben az Arrowhead jatssza a tobbszereplds rendszerek integratoranak a szerepét valds

tzleti demonstratorokban (példaul a fentebb emlitett esetekre). Ezen esettanulmany implementdciokban
mutatom be sajat, jelenlegi munkamat, illetve targyalom a problémakat és nyitott kérdéseket, melyek

felmertiltek a rendszerek tervezéseikor (és amelyek relevansak az Arrowhead tovabbfejlesztéséhez)

Végezetul bemutatom a munka kévetkezd, lehetséges fazisait, amelyek egyenlére a megvalésithatdsagi

tervezési fazisban vannak. Természetesen, ezen ipari igényeken alapulnak, a Productived.0 projekt kapcsan.
[1] The ECSEL Productive4.0 projekt. Elérhetd: http://www.productive40.eu/
[2] The ECSEL MANTIS projekt. Elérheta: http://www.mantis-project.eu/

[3] The ECSEL Arrowhead projekt. Elérhetd: hitp://www.arrowhead.eu/

Figure 2.5 An example publication

2.1.4 PDF downloader
With BeautifulSoup, we can find the tag which contains the reference for the

article. After we found it we have to send a request and it will download it.

v <div class="download">
> <a href="/VIK/DownloadPaper/Egyuttmukodesi-es-adatfeldolgozasi-
megoldasok” class="tile tile-download bgc-paper-download”>..</a>

</div>

Figure 2.6 The link for pdf
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2.2 Parse pdf into JSON

2.2.1 ScienceBeam
A set of tools to allow PDF to XML conversion, utilizing Apache Beam and other
tools. The aim of this project is to bring multiple tools together to generate a full XML

document.

TensorFlow - ' - ol o ;
POF Madel . Grobid XSLT P Pick & Mix —)@

-~

Content Mine
(pdi2svg -
swvg2xml)

Y

Figure 2.7 ScienceBeam process

2.2.2 Parse information by the scheme

Almost all the research was written by the same schema. We will parse all the
texts we have in the publication into XML by ScienceBeam®. In XML we have tags for
the string types. From this tags we make json. From json we can get all attribute we will

save in our database.

2.2.3 Get references from publications
The most exciting things are the references. We want to know how many people

have used our research and from that, we can make more nodes for the referenced article.
Therefore, we have to find also the footnotes inside the text and select the sentence

which was referred.

2.2.4 Make the structure
Above the all we have to make an automatic data miner which would be also good

if there is a new research and can connect for the keywords and to be stable for the system
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3 Database

Now we have all the data from the old system. The next step is to build a database

management system to save the information we have in a structured way.

3.1 Choosing a database management system

The database management system is the heart of modern applications, and
choosing the best DBMS software for your organization is imperative to the success of

your IT projects and systems.

3.1.1 Mongo
MongoDB/ stores data in flexible, JSON-like documents, meaning fields can vary

from document to document and data structure can be changed over time.

MONGO is a NoSQL type system. Which would be good for the project because
we can build our system based on nodes and edges and NoSQL language can handle
easily if the connections number its not the same. But the main problem is that if we want
to search we will have problems in the future with the time and for the selection what we

want or what we don’t.

Any relational database has a typical schema design that shows a number of tables
and the relationship between these tables. While in MongoDB, there is no concept of

relationship.

3.1.2 Neo4j

The graph platform takes a connections-first approach to data. It broadens a
company’s ability recognize the importance of persisting relationships and connections
through every transition of existence: from the idea, to design in a logical model, to
implementation in a physical model, to operation using a query language and to
persistence within a scalable, reliable database system.
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Subgraph & neo;

Figure 3.1 Subgraph from Neo4j

Neo4j? is a graph based database tool. It's really good for making the edges and
nodes but not enough to make a structure which also contains the information of the nodes

if there is a lot of information.

3.1.3 MySQL
MySQL? is the world's most popular open source database. Whether you are a fast
growing web property, technology ISV or large enterprise, MySQL can cost-effectively

help you deliver high performance, scalable database applications.

MySQL is an SQL language. For this project, I will use the only MySQL because
whit the tables and the keys and whit the capability searchable thinks it’s the best. If we
want to search something we have to write the query which will give us the best answer

and also the data can storage in the most optimum way.

3.2 MYSQL hierarchy

In this hierarchy, we have three layers. One for visualization which can help to
show the nodes and edges. Thes second layer shows the inside of the nodes and the third

one give us details of the connections.
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3.2.1 Visual label

This layer contains the nodes the edges and the textboxes. We make a node for
any object we can show for the user. We make the edges for all the connections we have
with the nodes. And the textboxes help us to get all the knowledge we have inside of the

node.

3.2.2 Knowledge label
In the knowledge label, we have a table for all types of nodes to have more specific

results if the user wants to know more about the node.

3.2.3 Details label
In this label, we store the connection tables to be able to count the types of the

subcategorize.

3.3 Tables

In MySQL If we have an attribute which contains more then one object, we have
to normalize to have a faster search and more compact database. Maybe we have to make
extra tables to save the information structure but it helps us to get more information about
the objects.

references
Textboxes

A A A
confidence

[ Publications ] Keywords

=
Qo
a
@
(2]
A
Y
m
o
«Q
[0}
w

keywordconncetion

Year -
Supervisors Authors

A supervisorconnection authorconncection

| Facylties
| Secfions

Subsections

L

|

Figure 3.2 Table connections
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3.3.1 Nodes

This table is from the Vision label. The labelid helps us to connect to the specific
type from knowledge label. The added field give us if it is from the database or some user
added to it.

id int(11)
labelid int(11)
type enum('publ’,’keyword’,’references’,’aut
hor’,’supervisor’,’year’,’section’,’subse
ction’
"faculties’)
label varchar(31)
title varchar(255)
colour varchar(31)
size int(3)
added bool

3.3.2 Edges
The edges table is also from vison label. We make edges between the source

nodeid and the target nodeid.

id int(11)
source int(11)
target int(11)
type enum('subproblem’,'desc',’ref”)
size int(3)
added bool

3.3.3 Textboxes
The last element of vision label. We can add content to nodes by the nodeid. The
type of the content its given by the user identified by the userid.

id int(11)
nodeid int(11)
content text

type varchar(31)

url varchar(255)
confidence int(3)
userid int(10)



3.3.4 Publications
Elements of knowledge label. We save here the rawtext, abstract, title and the year
of the publication.

id int(11)
title varchar(255)
rawtext text
year int(4)
abstarct text

3.3.5 Authors

Elements of knowledge label. We save the name the faculties and the counted

numbers of researches.

id int(11)
name varchar(255)
faculties varchar(255)

counted int(3)

3.3.6 Authorconncetor

Elements of details label. Make the connections in knowledge label.

pubid int(11)
authorid int(11)

3.3.7 Keywords
Elements of knowledge label. Keywords name and counted in publications.

id int(11)
keyword varchar(255)
keywordcount int(3)



3.3.8 Keyword connector
Elements of details label make the connection between keywords and

publications.

pubid int(11)
keywordid int(11)

3.3.9 Supervisors
Elements of knowledge label. We save the name the faculties and the counted

numbers of researches.

id int(11)
name varchar(255)
faculties varchar(255)
counted int(11)
3.3.10 Supervisorconnector

Elements of knowledge label. Keywords name and counted in publications.

pubid int(11)
supervisorid int(11)
3.3.11 References

Elements of knowledge label. We save here the references of the publications and

the sentence for the referenced text.

pubid int(11)
title varchar(255)
author varchar(255)
URL text
sentence text



3.3.12 Faculties, section, subsection
Elements of knowledge label. The names of the categories and the counted

publications in that categories. Both of the three tables have the same columns.

|nt(11)
name varchar(255)
count int(4)

3.3.13 Users
This is the table to save users information. The confidencenum is to show the user

recommendation number.

int(11)
username varchar(255)
email varchar(255)
passwd varchar(255)
coinfidencenum int(3)

3.3.14 Confidence
Elements of details label to save the points given to the contents by the users.

userid int(11)
textboxid int(11)
3.3.15 Rankings

Elements of knowledge label. We save the name of the rankings and the counted

numbers of researches.

int(11)
ran klngs varchar(255)
counted int(4)



3.3.16 Year
Elements of knowledge label. We save the years and the counted numbers of

researches.
id int(11)
year int(4)
count int(4)

3.4 Graph representation

We also want to browse in the graph not only search. We have to make an opening
view to start somewhere the browsing if we don’t know what we want to search we can
find it in this way. We have to find the optimum number of nodes and edges to show. If

we have too many we can't see through the graph and we will lose information.
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4 Search algorithm

Nowadays search algorithms give the results which contain the keyword. If our
system would work like this, we will give dozens of nodes and if we are lucky they

connect to each other but most of the time they are not.

| Keywords |
Keymantic

Weight
Computation

—— o o o

RN Results

Metadata Query =
extractor engine Te—=
Wrapper

Figure 4.1 SQL keyword search engine

4.1 Algorithms

In Google, if we want to search for one common word or a more specific
expression the algorithm will be the same. We will have fewer results in the second

search.
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4.1.1 Simple search
For a basic search, we use simple SQL query to find nodes. The aim is to have
nodes result and for the nodes we have to find edges which connected to them. The users

give us the expression to search in the nodes table.

All nodes

Get edges

nodes edges other nodes

Y

Visuaization [

Figure 4.2 Get nodes and neighbours

4.1.2 Search in database
We also have the opportunity to search inside of the publications or the given
contents in the textbox. We have the rawtexts of the researches in publications tables. The

contents are inside of textboxes table in the column of texts. This type of search is more

30



All nodes

Textbox table Search in DB Publications table

expression

expression

Get edges

N

other nodes

Visuaization

Figure 4.3 Search in texts

complicated, we have to get texts from the tables to have all the results which contain the

expression.

4.2 A new way to get results

With the power of graph visualization, we have the opportunity to show the range
of the expression. If we have all kind of nodes it will be an unsettled graph. To solve this
problem we have view types which help the user to have well-tended architecture.

4.2.1 Get results of neighbours

The first thing is to found the results nodes. After that we search in edges table to
have all the connections, then we search for the end of the edges to find the neighbours
of the nodes. It will help us to localize the results in the system and get more knowledge

about the expression we are looking for.
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4.2.2 Choose the specific nodes based on view types
The chosen view gives us which type of nodes will be shown. The pre-settled
hierarchy improves the browsing experience.

4.3 The number of nodes

If the nodes rank we can not see the connections and if we have too many edges

we don’t understand the meanings of them. We have to optimize the number of nodes.

For this, we give the opportunity to change the limit of the nodes. The default

number is twenty, it is the optimum number of nodes to show in any device.

4.4 Order by the recommendation system

Now all the nodes we have are on the same level but if we want search we have
to make an order on the results. In TDK all the research have a rank given by the
professors of the judge. On the other way, we can count the publication number of

supervisors or by the keywords. Based on this information we can order the results.

The users will also have the opportunity to give feedback on the contents in the

textbox.

4.4.1 Size of nodes

We have to create rules for all type of nodes. With publications, we know the
ranking. If it’s first prize winner the size of the node is bigger then if its only have placed
in third. We can count the research based on the keywords, supervisors and in all objects

have count column. The size of the nodes is proportional to the counted number.

4.4.2 Confidence

We can add nodes and textbox contents in this system. About this new knowledge
given by the users, we don’t have any information. We have to add confidence points for
the textboxes. If a user reads a content about the nodes he can recommend a number from

one to ten to give feedback.

4.5 View types

In Google, we can choose the type of results. We can search in pictures and in the
map. In our graph visualization, we have view types which help us to look after a problem

with other prospects.
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4.5.1 Reyword based
The root nodes of this type of view are the keywords. Then we have publications

and the author of the publication and the supervisor.

Faculties Supervisor

Vi

(€5 Add Node (#) Add Edge

author supervisor

type: Keyword

publication

publication

SUPErvisor

publication }

supervisor supervisor

supervisor

Figure 4.4 lllustration for keyword based view

4.5.2 Supervisor based
Here the root nodes are the supervisors. The supervisors have students who wrote

the researches. The research also has a reference to show.

4.5.3 Faculties based

We start from the faculties to the section for subsection to get the publications

Supervisor

View type:

(@ add niode () add edge

subseciion
section

section

section section

- subsection
subsection subsection
subscction
B subsection
subscction

g e —

Figure 4.511lustration for faculties based view

4.5.4 Year based
The base nodes of this kind of view are years. From years we have the faculties
and the publications. It is a good view if we want to compare the years.
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5 Visualization

Graph visualizations are a powerful tool to convey the content of a graph. They
can highlight patterns and show clusters and connections. There are many excellent

options for graph visualization, such as D3.js, three.js, sigma.js, Alchemy.js and vis.js*.

5.1 Vis JavaScript

A dynamic, browser-based visualization library. The library is designed to be easy
to use, to handle large amounts of dynamic data, and to enable manipulation of and

interaction with the data.

€D

Figure 5.1Example view of nodes

5.1.1 Connect to database

Flask!! is a micro web framework written in Python. It is classified as a
microframework because it does not require particular tools or libraries. It has no database
abstraction layer, form validation, or any other components where pre-existing third-party
libraries provide common functions. However, Flask supports extensions that can add

application features as if they were implemented in Flask itself.
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5.2 Objects

Network Coding

Optimal Linear Network Codin...
ecure Network Cod...

o

Figure 5.2 Nodes and edges in vis.jss

5.2.1 Nodes

By definition, a Graph is a collection of nodes (vertices) along with identified
pairs of nodes. A node v is a terminal point or an intersection point of a graph. It is the
abstraction of a location such as a city, an administrative division, a road intersection or

a transport terminal.

5.2.2 Edges
Edges can be either directed or undirected. Directed edge points from one vertex
to another and an undirected has no direction. An example of this distinction would be on

the Facebook and Twitter social graphs.

5.2.3 Textboxes

To browse inside the contents of the node we make pop-ups inside of the webpage.
With this solution, we don’t have to leave the main page we can see the main graph and
the content od a node at the same time. This textbox can be full sized of the blank and we
can choose how many percent of the page wanted to be shown by editing the window

size.
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Optimization (disambiguation)

Frem ‘Wikioedie, the ee encyslodadia

ecure Network Cod...

P-Coding;

Optimization, aptimisation, or optimality may refer to
+Mathemazrical optimization. the theary and computation of extrema or stationary pairts of fanctions
*Eng neering opltimization, te use of oplimizztion techriques to aid the enginesrir g design process
Economics and business
+Optimelity, In economics
+Profil
«ULlily
sEconomic efficiency
sFarem cptimality, or Pareic efficiency, a concept usad in economics, game theory, engineering, and the social sciences.
»Proczss opbimization, in business ard engineering, nelhodelogies ‘or impreving fhe efficiency of a produc: on process
+Preduct optimization, In bus ness and marketing, methodologies for improvirg the quality and desirability o a procuct or product conceat
Information technology

+Program oplimization, improving so'tware to make it work more efficiently or use “ewer resources

+Compiler optimizatien, improving the performance or efficiercy of compilec sode
Op{mization »Asymototica ly optimal algorithm, an algorithm that s at most a constant faztor worse than the best possitle algorithm for large inpu: sizes

+Seach engine optimization, in Ir:2rret marketing, mathodalogies aimed 2t imgroving the ranking of a webste In s2arch eng nz listirgs
+Image search optimization, in ilernel marketing, methodologies aimed at improv ng the ranking of ar image in image searcn ergine listings

Other

+Oplimelity theary, In linguistics, a madel preposing that observed forms of language arise from the intaraction of conflicting constraints
+Optimization (role-playing garies), a gaming play style

Figure 5.3 Example of a textbox

5.3 Editable surface

If we have a recommendation, for example, to add a keyword for a publication,
vis js have a function to add, edit or delete edges and nodes. These functions can improve
social recommendation system.

@ Add Node () add Edge @ Edit Node (‘;\ Delete selected

Optimal Linear N ork Codin...

Figure 5.4 The functions in the toolbar
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5.3.1 Add node or edges

You can use these options to switch certain functionalities on or off of attach a
handler function to them. These functions are called before the action is performed. If a
node is going to be added through the manipulation system, the addNode function will be
called first. With this, you can provide a guide for your users, abort the process or
anything else you want to do. For all except the editNode functionality, these handler

functions are optional.

When you supply a boolean, you only toggle the ‘add node' button on the GUI of
the manipulation system. The lack of handling function could effect the APl when using
the methods. When a function is supplied, it will be called when the user clicks the canvas
in 'addNode' mode. This function will receive two variables: the properties of the node
that can be created and a callback function. If you call the callback function with the

properties of the new node, the node will be added.

This function will receive two variables: the properties of the edge that can be
created and a callback function. If you call the callback function with the properties of

the new edge, the edge will be added.

5.3.2 Edit node or edges

Editing of nodes is only possible when a handling function is supplied. If this is
not the case, editing of nodes will be disabled. The function will be called when a node is
selected and the 'Edit Node' button on the toolbar is pressed. This function will be called

like the addNode function with the node's data and a callback function.

If boolean, toggle the editing of edges in the GUI. If a function is supplied, it will
be called when an edge is selected and the 'Edit Edge’ button on the toolbar is pressed.
Initially, the endpoints of the edge may be dragged to connect to a different node, then
the function will be called in the same way the addEdge function is called. If an object, if
a function is given for the 'editWithoutDrag' property, the function will be called
immediately (without dragging any endpoints) in the same way the addEdge function is
called. If the callback is not performed, the edge will remain hanging where it was
released. To cancel, call the callback function with null as an argument or without

arguments.
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5.3.3 Delete

If boolean, toggle the deletion of nodes in the GUI. If function, it will be called
when a node is selected and the 'Delete selected’ button is pressed. When using a function,
it will receive a callback and an object with an array of selected nodeids and an array of

selected edges Ids. These are the items that will be deleted if the callback is performed.

Boolean or Function true If boolean, toggle the deletion of edges in the GUI.
If function, it will be called when an edge is selected and the 'Delete selected’ button is
pressed. When using a function, it will receive a callback and an object with an array of
selected nodeids (empty) and an array of selected edges Ids. These are the items that will

be deleted if the callback is performed.

5.4 Information of nodes

The nodes are the results of the search query. We can see the range of the
expression we are looking for but the only thing we can see of nodes is the title. To have
specific information about the nodes we have to use a textbox.

5.4.1 Multiple contents

If the type of the nodes is a publication in textboxes we can show the user the
research in pdf or the abstract in another type of content. We can add our point of view
of the topic to the nodes or an URL connected to the topic. In keywords, the base content
in the textbox is the URL of the Wikipedia page if its exist. In all type of nodes, the users
can add contents and the community will be the judge about the truth value with the

confidence points.
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6 Future Work

Between 2008 and 2014, the number of scientific articles cataloged in the Science
Citation Index of Thomson Reuters” Web of Science grew by 23%, from 1 029 471to 1
270 425. Growth was strongest among the upper-middle-income economies (94%),

primarily driven by growth in Chinese publications (151%)*?

The knowledge of humanity growing exponentially. With ScienceMesh we can

improve the experience of research even if the database will be enormous in the future.

6.1 Make a new trend

The graph visualization is simple, we can explain that for the people in two

minutes. This type of visualization is more effective also in cooking in financial in almost

all part of life.
- . .
Where Consumers Conduct Product Research Online ::,:: Marketing
ane
85% 84% B Average (US, UK, Germany and France) uUs
2% 71%
36% 37%
16% 2 20% 18%
14%
l 12% 12% 10% 11% 9% 10% 8%
Google  Amazon Retailer Facebook Pinterest Bing Cnline Instagram  Inde- Twitter
websites magazines pendent
blogs

Published on MarketingCharts.com in September 2017 | Data Source: Kenshoo
Based on a survey of 3,100 consumers in the US, UK, Germany and France
Q: "Which of these online sites are you likely to use to help you find product ideas and information before making a purchase?"

Figure 6.1Which of these sites are you likely to use to help you find product ideas and information

before making purchase?

6.1.1 Statistics
There are over 1.5 billion websites on the world wide web today. Of these, less

than 200 million are active. The milestone of 1 billion websites was first reached in
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September of 2014, as confirmed by NetCraft in its October 2014 Web Server Survey and
first estimated and announced by Internet Live Stats.!3

Internet Live Stats claims there's around 5,5 billion Google searches per day or

more than 63,000 search queries per second as you're reading this.*

[
4,056,964,565 1,925,023,705 168,063,817,128
Internet Users in the world Total number of Websites Emails sent today
4,147,973,585 3,923,402 486,237,536
Google searches today Blog posts written today Tweets sent today
1,.@‘
4,486,170,411 51,697,188 85,233,029
Videos viewed today Photos uploaded today Tumblr posts today
on YouTube on Instagram

Figure 6.2 Growing fast
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6.2 Financial

Search platforms are the best place to advertise. If this project will grow more and
we can use also in everyday life we can sell places on the webpage for advertising. With

this, we can finance the project.

The Biggest Google Search Advertisers in the U.S.

Estimated spending on Google search advertising in the U.S. in 2013*

amazon | ¢
I :::

St N :: o

@expedic [N 57 6m

82 vicrosor: | <.

% Experian- _ $61.7m

Walmart _ $59.7m

Sears NN >:» (50 316

IACr I $::om

- I ¢5: >

@ ® @ * exluding mobile ads and product listing ads
@statistacharts  Sources: Ad Age, Adgooroo

Figure 6.3 Search platform advertising fundations
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