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Preface

Dear reader,

in front of you are the proceedings of The 2nd Student 
Computer Science Research Conference (StuCoReC)1. 
The conference started its journey among Slovenian 
higher education institutions and it is this time hosted 
by the Jožef Stefan International Postgraduate School.

Furthermore, the conference expanded its program to 
invite even a broader audience and therefore includ-
ed the national session for master and undergraduate 
students to present their work. Consequently on the 
conference were presented three contributions in the 
national session and seven contributions in the interna-
tional session. The authors come from all three Slove-
nian universities, or more precisely from their faculties 
with the Computer Science program and from Szeged 
University. All papers were reviewed by at least two 
members of the international programme committee 
who made comments that were sent back to authors to 
further improve their papers

The topics of presented contributions prove the variety 
of research done by students. On one side we have pure-
ly theoretical topics in algorithm theory and then ex-
panding to very applied research in bioinformatics and 
linguistics. Quite a number of contributions are in the 
area of engineering and also HCI.

Let us wrap up the preface with an observation that 
the conference does serve its purpose to bring togeth-
er student researchers to exchange their experiences and 
ideas, and to establish future contacts. See you on The 
3rd Student Computer Science Research Conference!

1 http://labraj.feri.um.si/stucosrec2015/ 
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Multikonferenca Informacijska družba 2015

Predgovor

Multikonferenca Informacijska družba (http://is.ijs.si) 
je z osemnajsto zaporedno prireditvijo osrednji srednje-
evropski dogodek na področju informacijske družbe, 
računalništva in informatike. Letošnja prireditev traja 
tri tedne in poteka na Fakulteti za računalništvo in 
informatiko in Institutu »Jožef Stefan«.

Informacijska družba, znanje in umetna inteligenca se 
razvijajo čedalje hitreje. V vse več državah je dovoljena 
samostojna vožnja inteligentnih avtomobilov, na trgu 
je moč dobiti čedalje več pogosto prodajanih avtomobi-
lov z avtonomnimi funkcijami kot »lane asist«. Čedalje 
več pokazateljev kaže, da prehajamo v naslednje civili-
zacijsko obdobje, hkrati pa so konflikti sodobne družbe 
čedalje težje razumljivi. 

Letos smo v multikonferenco povezali dvanajst odlič-
nih neodvisnih konferenc. Predstavljenih bo okoli 300 
referatov v okviru samostojnih konferenc in delavnic, 
prireditev bodo spremljale okrogle mize in razprave ter 
posebni dogodki kot svečana podelitev nagrad. Refe-
rati so objavljeni v zbornikih ultikonference, izbrani 
prispevki pa bodo izšli tudi v posebnih številkah dveh 
znanstvenih revij, od katerih je ena Informatica, ki se 
ponaša z 38-letno tradicijo odlične znanstvene revije. 

Multikonferenco Informacijska družba 2015 sestavljajo 
naslednje samostojne konference:

	 Inteligentni sistemi
	 Kognitivna znanost
	 Izkopavanje znanja in podatkovna skladišča 
	 Sodelovanje, programska oprema in storitve v infor-

macijski družbi
	 Vzgoja in izobraževanje v informacijski družbi
	 Soočanje z demografskimi izzivi
	 Kognitonika
	 Delavnica »SPS EM-zdravje«
	 Delavnica »Pametna mesta in skupnosti kot razvoj-

na priložnost Slovenije«
	 Druga študentska konferenca s področja računalni-

štva in informatike za doktorske študente
	 Druga študentska konferenca s področja računalni-

štva in informatike za vse študente
	 ISSEP15 - Osma mednarodna konferenca o infor-

matiki v šolah: razmere, evolucija in perspektiva. 

Soorganizatorji in podporniki konference so različne 
raziskovalne institucije in združenja, med njimi tudi 
ACM Slovenija, SLAIS in Inženirska akademija Slove-
nije. V imenu organizatorjev konference se zahvalju-
jemo združenjem in inštitucijam, še posebej pa udele-
žencem za njihove dragocene prispevke in priložnost, 
da z nami delijo svoje izkušnje o informacijski družbi. 
Zahvaljujemo se tudi recenzentom za njihovo pomoč 
pri recenziranju.

V 2015 bomo tretjič podelili nagrado za življenjske 
dosežke v čast Donalda Michija in Alana Turinga. 
Nagrado Michie-Turing za izjemen življenjski prispevek 
k razvoju in promociji informacijske družbe bo prejel 

III

Information Society 2015

Foreword

In its 18th year, the Information Society Multicon-
ference (http://is.ijs.si) remains one of the leading 
conferences in Central Europe devoted to information 
society, computer science and informatics. In 2015 
it is extended over three weeks located at Faculty of 
computer science and informatics and at the Institute 
“Jožef Stefan”. 

The pace of progress of information society, knowledge 
and artificial intelligence is speeding up. Several coun-
tries allow autonomous cars in regular use, major car 
companies sell cars with lane assist and other intelli-
gent functions. It seems that humanity is approaching 
another civilization stage. At the same time, society 
conflicts are growing in numbers and length.

The Multiconference is running in parallel sessions 
with 300 presentations of scientific papers at twelve 
conferences, round tables, workshops and award cer-
emonies. The papers are published in the conference 
proceedings, and in special issues of two journals. One 
of them is Informatica with its 38 years of tradition in 
excellent research publications.  

The Information Society 2015 Multiconference consists 
of the following conferences: 

	 Intelligent Systems 
	 Cognitive Science
	 Data Mining and Data Warehouses 
	 Collaboration, Software and Services in Information 

Society
	 Education in Information Society
	 Facing Demographic Challenges 
	 Cognitonics
	 SPS EM-Health Workshop
	 Workshop »Smart Cities and Communities as a 

Development Opportunity for Slovenia«
	 2nd Computer Science Student Conference, PhD 

Students
	 2nd Computer Science Student Conference, Students
	 8th International Conference on Informatics in 

Schools: Situation, Evolution, and Perspective.

The Multiconference is co-organized and supported 
by several major research institutions and societies, 
among them ACM Slovenia, i.e. the Slovenian chapter 
of the ACM, SLAIS and the Slovenian Engineering 
Academy. In the name of the conference organizers we 
thank all societies and institutions, all participants for 
their valuable contribution and their interest in this 
event, and the reviewers for their thorough reviews. 

For 2013 and further, the award for life-long outstand-
ing contributions will be delivered in memory of Don-
ald Michie and Alan Turing. The life-long outstanding 
contribution to development and promotion of infor-
mation society in our country is awarded to Dr. Jurij 
Tasič. In addition, a reward for current achievements 
was pronounced to Dr. Domnu Mongusu. The informa-
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prof. dr. Jurij Tasič. Priznanje za dosežek leta je pripa-
dlo dr. Domnu Mongusu. Že petič podeljujemo nagradi 
»informacijska limona« in »informacijska jagoda« za 
najbolj (ne)uspešne poteze v zvezi z informacijsko 
družbo. Limono je dobilo počasno uvajanje informati-
zacije v slovensko pravosodje, jagodo pa spletna aplika-
cija »Supervizor«. Čestitke nagrajencem!

Nikolaj Zimic, predsednik programskega odbora

Matjaž Gams, predsednik organizacijskega odbora

tion strawberry is pronounced to the web application 
“Supervizor, while the information lemon goes to lack 
of informatization in the national judicial system. Con-
gratulations!

Nikolaj Zimic, Programme Committee Chair

Matjaž Gams, Organizing Committee Chair
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establishment of a dynamic web technology standards 

[1]. Java program segment (Script let) and JSP tags is 

inserted into a traditional web HTM file to form a JSP 

file which expands the Html function by java syntax. 

JSP is easy to be used, fully object-oriented, 

platform-independent and secure, with all the 

characteristics of the need of Internet system design. 

Java code is not required to be complete or 

self-contained within a single script let block. It can 

straddle markup content, provided that the page as a 

whole is syntactically correct. The JSP syntax adds 

additional tags, called JSP actions, to invoke built-in 

functionality. Additionally, the technology allows for 

the creation of custom JSP tag libraries that act as 

extensions to the standard JSP syntax. A JavaServer 

Pages compiler is a program that parses JSPs, and 

transforms them into executable Java Servlets. A 

program of this type is usually embedded into the 

application server and run automatically the first time a 

JSP is accessed, but pages may also be precompiled for 

better performance, or compiled as a part of the build 

process to test for errors.  

2 Combination of JSP and MySQL Data 

Base 

2.1 JDBC Technology 

JDBC (Java Database Connectivity) is a Java API 

[2] to execute a SQL statement, and program can be 

connected to a relational database by JDBC API. The 

query and update of the database can be achieved by 

using the Structured Query Language [3] [4]. 

2.2 The Structure of JDBC 

In order to make cross-platform use of JDBC 

program, the appropriate drivers are need which can 

combine different database provide vendors. The frame 

of JDBC structure is shown in Figure.1 [5] [6].  

By the JDBC driver conversion, the same 

program written in JDBC API can run on different 

database systems. 

 

 
Fig1. The frame of JDBC 

 

2.3 The Process of JDBC Programming  

The public class ‘DBManager’ of Java is as follows. 
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Table 1: Summary of the benchmark functions.
Tag Function De�nition Domain

f1 Ackley’s f (x) = −20 exp(−0.2
√

1
n

∑n
i=1 x

2
i ) − exp( 1

n

∑n
i=1 cos(2πxi)) + 20 + e [−10,10]

f2 Griewank f (x) = 1 + 1
4000

∑n
i=1 x

2
i −

∏n
i=1 cos(xi√

i
) [−10,10]

f3 Rastrigin f (x) = 10n +
∑n

i=1(x2
i − 10 cos(2πxi)) [−10,10]

f4 Sphere f (x) =
∑n

i=1 x
2
i [−10,10]

f5 Whitley f (x) =
∑n

i=1

∑n
j=1

[
(100(x2

i−xj)
2+(1−xj)

2)2

4000
− cos(100(x2i − xj)2 + (1 − xj)2) + 1

]
[−10,10]

Table 2: Experimental results.
Alg. Np f1 f2 f3 f4 f5

BA 40 1.11e+01 ±8.66e-01 2.76e-01±2.70e-01 1.70e+02 ±3.92e+01 7.79e+01 ±2.53e+01 3.21e+04 ±1.95e+04
PL-1 10 1.15e+01 ±8.91e-01 3.96e-01±2.68e-01 2.18e+02 ±4.61e+01 9.65e+01 ±3.33e+01 4.87e+04 ±2.47e+04
PL-2 20 1.13e+01 ±1.15e+00 3.63e-01±2.94e-01 1.72e+02 ±5.09e+01 7.80e+01 ±2.82e+01 4.65e+04 ±2.65e+04
PL-3 40 1.06e+01 ±7.11e-01 2.52e-01±2.59e-01 1.46e+02 ±4.47e+01 6.56e+01 ±2.00e+01 3.03e+04 ±1.27e+04
PL-4 80 1.01e+01 ±7.59e-01 1.79e-01±1.64e-01 1.27e+02 ±3.58e+01 5.49e+01 ±1.88e+01 1.90e+04 ±1.26e+04
PL-5 160 9.68e+00 ±8.44e-01 1.07e-01±3.24e-02 1.24e+02 ±3.59e+01 4.58e+01 ±1.58e+01 1.63e+04 ±7.32e+03
PL-6 320 9.42e+00 ±7.32e-01 1.16e-01±3.82e-02 1.01e+02 ±2.25e+01 3.67e+01 ±1.17e+01 1.16e+04 ±3.95e+03
PL-7 640 8.76e+00 ±9.29e-01 1.02e-01±2.45e-02 9.28e+01 ±2.45e+01 3.16e+01 ±1.38e+01 9.08e+03 ±3.49e+03
PL-8 1280 8.57e+00 ±8.62e-01 1.02e-01±2.08e-02 9.22e+01 ±2.63e+01 3.23e+01 ±1.07e+01 1.08e+04 ±4.40e+03

the proposed PLBA can achieve comparable results as those
obtained by the original BA. Such �ndings encourage us to
continue with this work in the future. As the �rst goal,
we would like to develop also a variant of a parameterless
cuckoo search algorithm. We will also investigate the e�ect
of the population size further in various applications.
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Using trees to speed up the Floyd-Warshall algorithm

Marko Grgurovič
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University of Primorska
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ABSTRACT
A classic problem in algorithmic graph theory is to find
shortest paths, and a common variant is the all-pairs short-
est path problem (APSP). We consider non-negatively weighted
APSP. Due to its simplicity and efficiency, the Floyd-Warshall
algorithm is frequently used to solve APSP in practice.

We propose a combination of the Floyd-Warshall algorithm
with a hourglass-like tree structure, which reduces the num-
ber of path combinations that have to be examined. Only
those path combinations that provably cannot change the
values in the shortest path matrix are omitted. The result-
ing algorithm is simple to implement and uses no fancy data
structures.

In empirical tests, the new algorithm is faster than the Floyd-
Warshall algorithm for random complete graphs on 256 −
4096 nodes by factors of 3.5 − 4.8x. When we inspect the
number of path combinations examined compared to the
Floyd-Warshall algorithm, they are reduced by a factor of
12− 90x. All code was written in C.

Categories and Subject Descriptors
F.2.2 [Theory of Computation]: Nonnumerical Algorithms
and Problems

General Terms
Algorithms, Theory

Keywords
Dynamic programming, shortest path

1. INTRODUCTION
Let N = (V,A, `) be a directed network where we refer to
V = {v1, v2, ..., vn} as the set of nodes and A as the set
of arcs (directed edges). To simplify notation we will write
|V | = n and |A| = m. The function ` : A → R maps
arcs to (possibly negative) lengths. Finding shortest paths

in such networks is a classic problem in algorithmic graph
theory. Two of the most common variants of the problem are
the single-source shortest path (SSSP) problem and the all-
pairs shortest path problem (APSP). In the SSSP variant,
we are tasked with finding the path with the least total
length from a fixed node s ∈ V to every other node in the
network. Similarly, the APSP problem asks for the shortest
path between every pair of nodes u, v ∈ V . In this paper we
will focus exclusively on the APSP variant of the problem.

The asymptotically fastest APSP algorithm for dense graphs
runs in O(n3 log log3 n/ log2 n) time [2]. For non-negative
arc length functions and for sparse graphs, there exist asymp-
totically fast algorithms for worst case inputs [10, 12, 11],
and algorithms which are efficient average-case modifications
of Dijkstra’s algorithm [6, 3, 9]. In fact, it turns out that
any SSSP algorithm can be asymptotically sped up in the
average-case setting when solving APSP [1].

In practice, the Floyd-Warshall algorithm is frequently used,
along with variations of Dijkstra’s algorithm when the graph
is sparse. One can also approach APSP through funny ma-
trix multiplication, and practical improvements have been
devised to this end through the use of sorting [8]. There exist
many optimizations for the Floyd-Warshall algorithm, rang-
ing from better cache performance [13], optimized program-
generated code [4], to parallel variants for the GPU [5, 7].

In spite of intensive research on efficient implementations
of the Floyd-Warshall algorithm, the authors are not aware
of any improvement to the number of path combinations
examined by the algorithm. In this paper, we propose a
modification of the Floyd-Warshall algorithm that combines
it with a hourglass-like tree structure, which reduces the
number of paths that have to be examined. Only those path
combinations that provably cannot change the values in the
shortest path matrix are omitted. The resulting algorithm
is simple to implement, uses no fancy data structures and
in our tests is faster than the Floyd-Warshall algorithm for
random complete graphs on 256 − 4096 nodes by factors
ranging from 2.5−8.5x. When we inspect the number of path
combinations examined however, our modification reduces
the number by a staggering factor of 12− 90x.

2. ALGORITHM
The simplest improvement over Floyd-Warshall involves the
use of a tree, denoted as OUTk, which is the shortest path
tree containing paths that begin in node vk and end in some
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node w ∈ V \ {vk}, but only go through nodes in the set
{v1, ..., vk−1}. In order to reconstruct the shortest paths, the
Floyd-Warshall algorithm needs to maintain an additional
matrix, which specifies the path structure. In our algorithm
this information is essential, since the path structure is used
during the execution. We augment the Floyd-Warshall algo-
rithm with a matrix L[i][j] which specifies the penultimate
node on the shortest path from i to j. This suffices for re-
constructing the shortest path tree for all paths going out
of k as follows: create n trees {T1, ..., Tn}, now go through
j = 1 to n and place Tj as the child of TL[k][j]. This takes
O(n) time.

We then have the following algorithm:

Algorithm 1 Single-tree Algorithm.

1: procedure Single-Tree(W )
2: Initialize L, a n× n matrix, as L[i][j] := i.
3: for k := 1 to n do
4: Construct OUTk.
5: for i := 1 to n do
6: Stack := empty
7: Stack.push(vk)
8: while Stack 6= empty do
9: vx := Stack.pop()

10: for all children vj of vx in OUTk do
11: if W [i][k] + W [k][j] < W [i][j] then
12: W [i][j] := W [i][k] + W [k][j]
13: L[i][j] := L[k][j]
14: Stack.push(vj)
15: end if
16: end for
17: end while
18: end for
19: end for
20: end procedure

For the sake of brevity, we omit proofs. We can augment
Algorithm 1 with another tree. The second tree is similar
to OUTk, except that it is the incoming shortest path for
vk. Strictly speaking, this is not a tree1, but we can reverse
the directions of the arcs, which turns it into a tree with
vk as the root. The augmented algorithm is referred to as
Hourglass (as opposed to Single-tree).

3. EMPIRICAL RESULTS
Our implementations were written in C and compiled with
gcc using flags -std=c99 -O3. We ran the experiments on
an Intel i7-2600 CPU running on Windows 7. All tests were
ran 20 times and averaged.

The input graphs were pseudorandomly generated. For com-
plete graphs, this meant assigning each arc an indepen-
dently uniformly distributed random length in the range
(0, 1). Sparse graphs were generated by starting with an
empty graph on 1024 nodes and adding a desired number of
arcs, which were chosen independently according to the uni-
form random distribution, and assigned an independently
uniformly distributed random length in the range (0, 1).

1The hourglass name comes from placing this structure atop
the OUTk tree, which gives it a hourglass-like shape, with
vk being the neck.

Arc lengths were represented using floating-point numbers
in both cases.

We performed two sets of experiments, one on random com-
plete graphs, and one on random sparse graphs. In both
cases, we measured two quantities: number of path combi-
nations examined, and actual running time. Since the results
are numbers that range from very small to very large in both
cases, we display the results as a percentage of the Floyd-
Warshall algorithm, which is always 100% in the plots, but
is not drawn explicitly.

The first set of experiments was for the input of random
complete graphs of varying sizes. The results are shown in
Figure 1. The second set of experiments was for the input of
a random graph of 1024 nodes whose number of arcs varied
from 10 − 80% where 100% = n2. To make the compari-
son between Floyd-Warshall and the modified versions fairer
in the second set of experiments, we augmented the Floyd-
Warshall algorithm with a simple modification, that allowed
it to skip combinations i, k where W [i][k] = ∞, which re-
duced the running time and number of path combinations
examined. The results of the second set of experiments are
shown in Figure 2.

4. CONCLUSIONS
In the proposed algorithm, we can observe a significant re-
duction in terms of path combinations examined (see left
plot of Figure 1) . This quantity dominates the algorithm’s
asymptotic running time and, as observed, decreases com-
pared to the cubic algorithm when inputs grow larger. It
might be possible to obtain sub-cubic asymptotic bounds in
the average-case model. Despite this reduction in path com-
binations examined, the actual time savings shown in the
right plot of Figure 1 are more modest. A variety of factors
contribute to this disparity, ranging from cache performance
to implementation details that have not been thoroughly
optimized. Regardless, the speedups remain significant for
practical applications, and future work could improve this
further. The experiments on sparse graphs in Figure 2 show
a reduction in path combinations examined as the graph be-
comes sparser, but the effect on the running time seems to
be minor.

Overall, the Single-tree algorithm is the simplest to imple-
ment and offers good performance. The Hourglass algorithm
has the potential to be even faster, but would likely require
a better implementation. It is also worthwhile to note that
the additional space requirements for the Single-tree algo-
rithm are very modest, as most applications would typically
require storing the path reconstruction matrix regardless.
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Figure 1: The left plot shows the percentage of path combinations examined by the two modifications of
Floyd-Warshall, when compared to the original algorithm (which is always at 100%, not shown), for the input
of complete graphs of various sizes. The right plot shows the difference in execution time, compared to the
original algorithm.
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Figure 2: The left plot shows the percentage of path combinations examined by the two modifications of
Floyd-Warshall, when compared to the original algorithm (which is always at 100%, not shown), for the input
of a graph with 1024 nodes and various arc densities. The right plot shows the difference in execution time,
compared to the original algorithm.
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ABSTRACT
The goal in this project was to create visualization of connec-
tions in interactive 3D world between Dutch female writers
in years between 1790 and 1914. In this world, writers are
represented by houses and windmills, and player can disco-
ver these connections by travelling between them.

Categories and Subject Descriptors
H.5.1 [Multimedia Information Systems]: Artificial, au-
gmented and virtual realities

General Terms
Visualization

Keywords
Women writers, Dutch, 3D walk, visualization, virtual re-
ality, Digital Humanities, spatialized reading, interdiscipli-
nary collaboration, Unity3D

1. INTRODUCTION
The field of Digital Humanities has been a territory of expe-
rimental collaborations between different disciplines for the
last thirty years, with especially intense developments in
the last decade. However, the possibilities to pose research
questions, the answers to which are possible only now with
the use of new information technologies, and the creation
of media hybrids as representation and visualization tech-
niques are far from being exhausted. The paper will present
a case of interdisciplinary collaboration, an attempt at a
digital humanities project that connects and displaces the
traditional conceptions of text, map and space.

2. PROJECT
2.1 The institutional framework and the con-

cept of the project
This project was realized as a seminar work at the Intro-
duction to Design class at the Faculty of Computer and
Information Science, University of Ljubljana, under the su-
pervision of Assist. Prof. Dr. Narvika Bovcon and Assist.
Jure Demšar. It was a part of an international collabora-
tion with HERA project "Travelling texts 1790-1914: The
transnational reception of women’s writing at the fringes of
Europe".

The students were given the task to create an interactive
3D space that would contain the network of quotations of
Dutch women writers. The concept behind this type of pre-
sentation of data from the field of literary history was quite
experimental for both disciplines that were put in dialogue
in this project, i. e. the literary studies and the computer
games development, however, the middle ground that allo-
wed for a successful collaboration was found in new media
art approaches that research virtual spaces beyond the use
for gaming. The concept of ”spatialized reading” was pro-
posed in the form of a script that guided the user’s walk
through the 3D space from one object to the next.

The project was inspired by various examples of 3D spa-
ces used in conjunction with language or artworks and by
adventure computer games with 3D text and graphic ele-
ments. In the project The Legible City [1] the interface is
in the form of a bicycle, which enables riding through the
computer generated space, where instead of buildings in the
city there are letters which make up text. ArsDoom [2] is
a patch of the first person shooter game Doom, where the
scene is modelled as the space of the new media art festival
Ars Electronica and the objects in the space are artworks, in-
stead of shooting, one can paint with a brush. Srečo Dragan
and Computer Vision Laboratory made The Virtual Jako-
pic Gallery (1998) [3] as a 3D web gallery written in VRML
language. If you look back, it won’t be there anymore [4] is a
3D computer generated space that is created based on what
the user has already seen and what not; objects in space are
letters.

2.2 Realization
The main goal for the students was to create the visualiza-
tion of the connections between Dutch women writers in the
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Figure 1: House and windmill representing two writers along with quote on the top.

years between 1790 and 1914 - how they referenced or quo-
ted each other in letters that they wrote to their friends or
to other writers, in newspaper articles or in books. Because
of the limited time for realization of the project, only a few
writers and connections between them were used.

The visual representation of the connections between Dutch
women writers has been created as a 3D computer “game”
with the help of the Unity3D game engine. This gaming
engine has been chosen because it is easy to use and one can
very quickly create landscape and logic behind it. However,
in our project the gaming experience is reduced to walking
in space, finding the objects and reading the quotations (Fi-
gure 1), and of course the contemplation of the connections
thus represented. In this 3D space there are two types of
interactive objects: the writers are represented by the hou-
ses, if they had mentioned other writers in their work, or by
windmills (Figure 2), if they have only been mentioned by
others.

The user discovers the connections between the women wri-
ters by traveling between the houses. As he/she approaches
a house so that he/she is close enough to it, the quote by this
writer (that is the one represented by the house), in which
she mentioned another writer, is shown on the upper side of
the screen. There are only two writers (houses) shown in this
virtual world at the same time – the one that has referenced
the other and the one that has been referenced. When a
writer that has no connections (has not mentioned another
writer) is visited, the player moves back to a previous one
that has another connection (Figure 3) and only then the
new connection to a new writer is shown. The connections
and the successive appearance of the houses and windmills
are ordered by the length of the continuous path that con-
nects the writers by their references, that means that the
chain of connections that connects the most writers that
had mentioned others is shown first.

There are also instructions at the bottom of the screen for
easier traveling and navigation. The instruction about which
house or windmill should be visited next appears on the

right. A mini map on the left side of the screen shows
where the player is (the blue square on the mini map in
Figure 3) and where houses are (the yellow and red circles).
The quote, the instructions and the position of the indica-
tors on the mini map are changed when a new connection is
discovered, showing the position of the new house.

The reading of quotes is temporal and corresponds to the
user’s movement through 3D space. The quote is shown on
the screen for as long as the user takes to walk to the next
house. The map of the connections between the writers is
not disclosed in the form of a diagram, instead it shows al-
ways just the two writers connected by the quote that is
being read at this moment. The map is revealed temporally
and dependent on the user’s reading. In this way the con-
templation of the text is put in the foreground. If the entire
network of connections would be shown and all the quotes
would be present in the space at the same time, the spatial
relations between them would have to be determined in a
completely different way, so that they would carry meaning.

The landscape of this game has been designed to look like
a typical Dutch landscape with water channels, bridges and
boats. Houses and windmills that represent Dutch women
writers have also been chosen for this reason, so that a homo-
genous image of the landscape is achieved. House and wind-
mill models had been taken from website http://tf3dm.com/
(uploaded by user “3dregenerator”), other objects, which
appear in landscape, are part of the standard assets in Unity3D
development program. To use this objects one can simply
apply them by "painting" them on the landscape. The hei-
ght map for landscape has been created in Adobe Photoshop
as a gray scale image and later applied to this virtual world.
For illumination of the landscape, directional light has been
used, placed above the landscape.

2.3 Technical aspect of the project
As mentioned earlier, Unity3D gaming engine has been used
for realization of this project. This engine uses scripts for
manipulation with game objects which can be written in
JavaScript or C# programming languages.
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Figure 2: One of many windmills representing writers.

Figure 3: Player has already visited windmill.

In this project three different scripts have been used. First
script, written in JavaScript, is the main script of this pro-
ject and contains almost all of the game logic. It is used for
manipulation of the quotes and instructions shown on the
screen as well as for showing and hiding houses and wind-
mills. It is attached to first person controller (the object
which moves around and is controlled by player) and is tri-
ggered when this controller comes to the predetermined di-
stance from the house or windmill - the area which object
collider covers.

Other two scripts are written in C# and they control but-
tons in main menu and teleportation of the player which
makes the interaction easier and enables player to quickly
return from windmill to the house. When player enters te-
leportation area, he/she is teleported back to the vicinity of
the house that he/she came from to this windmill, instead
of walking all the way back.

3. CONCLUSIONS
The project of this kind involves the expertise of collabo-
rators from different disciplines, where one of the problems
that surface is also how to find a common language to com-
municate what is important for each of them. This entails
communicating the way, how each of the collaborators has
to prepare the necessary materials with which the other di-
scipline has to work, and also explaining, what are the goals
and standards of each of the collaborators that have to be
met in the project. Our collaboration was successful, the 3D
visualization of connections between Dutch women writers
that has been presented in this paper will be exhibited at
the conference related to the Women Writers database in
Letterkundig Museum in Hague in September 2015.
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