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Abstract—In our paper we describe in detail a three-
dimensional virtual library model inspired by the system and 
presumable content of the ancient Library of Alexandria. In 
addition, we introduce one the possible implementation of our 
virtual library model based on the VirCA system and web 
technology (such as HTML, CSS, PHP etc.). In our model, we 
used the classification system elaborated by the famous librarian, 
poet and scholar Callimachus. Focusing primarily on the field of 
Greek poetry and drama in the 3rd century BC, in the current 
implementation of our model we selected those ancient and well-
known authors whose texts, completed with short biographical 
data, may be a good starting point for the content of the virtual 
library. Currently we prefer various English translations of the 
selected ancient Greek texts with an intention to gradually 
improve the content of the library with other texts and 
multimedia materials (other translations, paintings, images of 
papyri, sculptures, commentaries, selected quotations, dictionary 
and encyclopedia entries, related texts from the ancient and 
modern culture etc.) which form background knowledge for the 
interpretation of the processed texts. We describe a scale-free 
network model, the so-called Alexandrian model of network, 
which the organization and future development of the virtual 
library is based on. Finally, we discuss the main purpose of our 
virtual library model and its possible relationships with the 
current cognitive infocommunications research. 

Keywords—Library of Alexandria; three dimensional virtual 
library model; knowledge base of literary content; VirCA system; 
spatial hypertext; scale-free networks; Alexandrian model of 
network 

I.  WHY DID WE CHOOSE THE LIBRARY OF ALEXANDRIA? 

The Library of Alexandria is definitely the most prominent 
and celebrated collection of classical (Greek-Roman) antiquity, 
but nothing was left from it — it is known only from the 
contemporary writers’ works. Its fame has survived in the later 
ages too, for centuries it has been embodied a library ideal 
representing a symbolic force for modern public libraries. To 
formulate an appropriate answer to the above mentioned 
question we can say that it was an important aspect for us that 
all the ancient written materials collected in this library were 
eternal values for human culture and erudition. We also took 
into account that the study of the poetical Greek works 
remained an open issue till nowadays. It can be also realized 
that Greek mythology provides a kind of ‘common language’ 
and symbolic basis for the better interpretation and 
understanding of the ancient poetical works. Therefore we 
decided to focus on the field of ancient Greek poetry and 

drama once available in the Library of Alexandria. In our 
research we intended to present these ancient masterpieces in 
new formats and environment. In this sense it was crucial for 
us to attach various verbal and multimedia metadata to the 
English translations of the chosen ancient Greek texts in the 
three dimensional environment. 

The Musaeum or Mouseion (“Institution of the Muses”) at 
Alexandria was a research institution built by Ptolemy I Soter 
and by his son, Ptolemy II Philadelphus at the turn of 4th and 3rd 
centuries BC. Ptolemy I Soter initially wanted Theophrastus, 
Aristotle’s favored pupil and leader of the Peripatetic School, 
to manage and control the affairs of the Mouseion. Soter 
intended to establish the Mouseion, at least in part, by 
transplanting Aristotle’s Peripatetic School from Athens to 
Alexandria. The prestige of accomplishing this idea would 
have been enormous, and would have attracted other scholars 
much easier. Transplanting Aristotle’s school, Ptolemy I Soter 
would have reinforced Alexandria’s cultural ties to Alexander 
the Great; not only was the city founded by him, but it would 
have also participated in his intellectual tradition by continuing 
the famous institution of his beloved tutor, Aristotle. Although 
the Peripatetic School did not actually move to Alexandria, it 
had a great influence on the Mouseion and the Great Library. It 
is assumed that the Library of Alexandria has received some of 
the private library of the Peripatetic school’s founder, Aristotle 
himself. 

The Greek word Mouseion means “Seat (Institution, 
Shrine, Temple etc.) of the Muses” (i.e. a place devoted to the 
nine Muses) which designated the home of music or poetry, a 
philosophical institution or a place of contemplation such as 
Plato’s renowned Academy in Athens. Originally a Greek 
mouseion was a temple sacred to the Muses, so it was a purely 
religious establishment. The Alexandrian Mouseion mixed the 
religious and intellectual features of similar Greek institutions 
with the religious and bibliophilic characteristics of analogous 
Egyptian institutions. The latter features imply that the 
Museion was based on the Egyptian tradition of placing 
libraries within religious temples [1]. As far as we know, 
hundreds of studies have emphasized the nearly religious 
foundation of the Musaeum, as an expression of the human 
longing towards the wholeness and the unity of knowledge 
[2]. 
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We can observe that the physical structure of the Mouseion 
not only reflected Aristotle's division of knowledge into 
observational and deductive topics, but it was planned in a 
way to express and support Aristotle's peripatetic ideal of 
scholarship. The main Mouseion building and the Library 
building were joined by and surrounded with a network of 
paths, colonnades, and courtyards. Botanical gardens and 
zoological displays served the scholars’ entertainment and 
study needs. In addition, an outdoor amphitheatre called the 
exedra was the integral part of the Mouseion building. 

Use of the Latin form, museum, seems to have been 
restricted in Roman times mainly to places of philosophical 
discussions. The modern usage of the word “museum” is 
originated from the Greek version, Musaeum. The great 
Musaeum at Alexandria with its college of scholars and its 
library can be considered more a prototype university than an 
institution which has to preserve and explain material aspects 
of the cultural heritage. Demetrius of Phaleron worked on the 
library’s initial organization, who had a good knowledge of the 
achievements of the philosophers’ libraries at Athens. He 
organized both the museum and the library in faculties, with a 
president-priest at the head. His tutors were Aristotle and 
Theophrastus. He is considered to provide a relationship 
between Aristotle’s Peripatetic school and the Mouseion in 
Alexandria. According to our opinion, this initial structure 
created by Demetrius of Phaleron also reflects the above 
mentioned university concept which has been realized in the 
great Musaeum at Alexandria [1]. In fact Demetrius received 
large sums of money for the purchase or copying of Greek 
literary works, and occasionally even for the acquisition and 
translation of significant writings in foreign languages [2]. The 
Ptolemies offered scholars free board, lodging, servants, tax 
exemptions, and good salaries for life to attract them to the 
Mouseion. Some of the well known scholars of the Mouseion 
were Strabo, Zenodotus, Aristophanes, Eratosthenes, Euclid, 
Archimedes etc. We suppose that the Mouseion Library was 
somewhat similar to our modern academic libraries because the 
part of the library placed within the Mouseion was intended 
only for the use of the scholars who stayed there. 

At that time, being as one of the successor states, Egypt 
belonged to the extended empire of Alexander III of Macedon, 
whose name is commonly known as Alexander the Great. A 
subsidiary “daughter library” was founded about 235 BC by 
Ptolemy III (Euergetes) in the Temple of Serapis. It is believed 
that it included copies of literary works intended for general 
use by people who did not have access to the library of the 
Mouseion. In addition, the Temple of Serapis was a public 
building and open to all members of the public, so literate 
Alexandrians were the intended user group of the Serapeum 
library. It has been estimated that the total number of papyrus 
scrolls available in the Serapeum was 42 800. Though the 
Serapeum served a different group of users and was located in 
a different place than the Library of the Mouseion, the two 
libraries were leaded by the same authority. The same staff 
and policies served both, and therefore they are considered to 
be an institution with two branches. In Roman times the 
“daughter library” was the main literary center. From this we 
can arrive at the conclusion that the creation of the Library of 

Alexandria and its attendant institutions were absolutely 
essential contributions toward making Alexandria into an 
intellectual and cultural center [1]. 

It can be somewhat contradictory to point out that the 
historical sources on the Library of Alexandria are hardly 
much enough. Therefore we can say almost nothing certain 
about it; “where and how the papyrus scrolls were stored; 
what dimension its collections really had; what role the other 
public library of the town, the Serapeum library had in 
Alexandrian cultural life; if books continued to be added with 
the same regularity after the death of Ptolemy III Euergetes 
etc” [2]. Even the information about the end of the collection 
covers a period of six centuries, from the age of Caesar to the 
age of the prophet Muhammad. Given from this fact a flood of 
publications were filled with hypotheses and speculations 
about the fate of library.  

The Library of Alexandria formed one of the most 
significant parts of the Mouseion funded by the royal treasury. 
As far as the Mouseion and its library are concerned, we can 
state that they played an essential role in enhancing the prestige 
and influence of the royal house. Note that the main museum 
and library were placed at this time in the palace precincts, in 
the district named the Brucheium. Its mission was to gather all 
the Greek documents, so its ambition was to achieve 
completeness in written Greek literature. Soon it has amassed 
several thousands of papyrus rolls in its holdings. During its 
most flourishing period it is said to have included 490 000, or, 
according to another authority, involving all duplicates, as 
many as 700 000 volumes. Furthermore it can be mentioned 
that the collection included not only all Greek documents but 
also translations into Greek from the other languages of the 
Mediterranean countries, the Middle East and India. We are 
sure that the library of the Mouseion contained mainly Greek 
documents; the only translation recorded was the Septuagint 
(the earliest extant Greek translation of the Old Testament from 
the original Hebrew). 

The Ptolemies wished to acquire the best, the most original, 
the most authoritative copies of works, and they were willing 
to purchase, borrow, or plunder to obtain them. They employed 
ethically questionable means also for procuring materials. For 
example during a famine in Athens ambassadors from the 
Library of the Mouseion compelled the sale of valuable 
original manuscripts owned by that city in exchange for food. 
Ptolemies sent people out to buy books, looking especially for 
rare texts and libraries which might be bought. Because older 
versions of the manuscripts were preferred to newer copies 
(older versions were considered to be more authentic and less 
likely to include mistakes), a miniature industry sprang up that 
manufactured “old” texts. In addition to purchasing books, the 
Ptolemies acquired works through confiscation. It is reported 
that upon entering the Alexandrian harbor, ships were 
examined closely, and any books they were carrying were 
plundered. A copy was made and given to the original owner, 
but the original manuscript was preserved for the Great 
Library. Using such arbitrary means the Great Library has 
created a large collection of standard texts of Greek classics. 
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1The reason for this is that the Ptolemies had a concept of 
policies, goals, and procedures for obtaining documents, then 
they actually set that concept into practice and acquired scrolls 
for their Great Library, arising from these we can conclude that 
the Great Library of Alexandria showed the characteristics of a 
true “collection”. The library’s editorial program incorporated 
various elements which were as follows: namely the 
establishment of the Alexandrian canon of Greek poets, the 
division of works into “books” as they are now known 
(probably they corresponded to the standard length of papyrus 
rolls), and the gradual introduction of systems of punctuation 
and accentuation.  

Several stories survived about the utter destruction of 
the Library of Alexandria which could be tracked in various 
myths. Of course some of the events caused damage in the 
holdings of the library. For example during the siege of 
Alexandria by Julius Cæsar (in 48 BC) the greater part of the 
library was damaged badly by fire; but it was later replaced by 
the collection of Pergamos which was offered to Cleopatra by 
Mark Antony. The other part of the library was located in the 
temple of Serapis, where it remained till the time of 
Theodosius the Great. When this emperor allowed all the 
pagan temples in the Roman empire to be destroyed, the 
remarkable temple of Serapis was damaged badly by the 
Christians in AD 391. We mention that by this time, 
Christianity has been regarded as the official religion of the 
Roman Empire. The museum and library continued to exist for 
many centuries but were destroyed in the civil war that 
happened under the Roman emperor Aurelian in 272 AD. In 
2002 the Egyptian government inaugurated a new library 
building, the Bibliotheca Alexandrina which was established 
exactly on the site of the previous ancient institution [1, 2, 4, 
5]. 

II. STRUCTURE OF THE CLASSIFICATION SCHEME 

As preliminaries to Callimachus’ hierarchical system we 
can mention Zenodotus’ “subject/room” and alphabetization 
methods. He was the first director of the Library of the 
Mouseion appointed by the royal court. At this time, the 
director held a priestly position besides doing his secular 
duties, which is perhaps an influence coming from Egyptian 
traditions. Arising from the fact that an early Greek mouseion 
operated also as a religious establishment. In later times the 
director was appointed by the Roman Emperor, but the duties 
of the position remained mainly the same. Zenodotus 
introduced a rudimentary organization system where texts were 
assigned to various rooms based on their content. Zenodotus 
first made an inventory of the library’s holdings which he then 
divided into three major categories. The first category 
contained history books, edited and standardized literary 
works, and new works of Ptolemaic literature. The second one 
included materials used for comparison and in the creation of 

                                                           
1 King Ashurbanipal of Assyria (668 – c.627 BC) applied similar means like 
Ptolemies to increase his library’s collection at Nineveh. "In a letter (almost 
certainly from Ashurbanipal) the king orders the scribe to gather tablets, 
especially those bearing omen texts, from both private houses and temples for 
his palace collection" [3]. 

the standardized works mentioned above. This category also 
contained letters and maps. The third group comprised original 
works in foreign languages, many of which had been translated 
into Greek, and which, in translation were involved in the first 
category. Within each of these categories, Zenodotus arranged 
works alphabetically by the first letter of the name of their 
author. The principle of alphabetic order was first introduced 
by Zenodotus. He attached each work’s author, title, and 
subject to the end of each scroll, so that materials could be 
efficiently reshelved to the area in which they had been 
classified, but also so that library users did not have to unroll 
each scroll in order to see what it contained. It seems to be very 
impressive for us that it was the first recorded use of metadata, 
which can be considered as a landmark in library history. 

However as the size of collection grew, Zenodotus’ 
methods became less and less effective. A more efficient 
scheme of classification had to be found out. So while 
Zenodotus made a good start at organizing the Library of 
Alexandria, in order to finish this task, a scholar of 
encyclopedic knowledge and erudition as well as of infinite 
energy was needed [1]. Such a person was found in 
Callimachus who was the third director of the library between 
260 and 240 BC. Callimachus was born in Cyrene in Libya, but 
he spent the greatest part of his life at the Ptolemaic court in 
Alexandria. His patron was Ptolemy II, and Callimachus 
continued his activity in the era of Ptolemy III (246-222 BC). 
According to the Byzantine lexicon Suda, Callimachus was a 
famous grammarian and created more than 800 books in verse 
and prose. Ancient authors considered him as one of the 
greatest Hellenistic poets [2]. Under his leadership the library 
catalogue was created, resulted in the so called pinakes 
(tablets). Its name originates from the appropriate parts of the 
catalogue on papyrus leaves which were stuck (probably 
written) on wooden tablets. Those tablets were placed above 
the library cases or shelves to support a search for papyrus rolls 
and to make their reshelf more flexible. The full title of the 
catalogue was the following: Tables of Those Who Have 
Distinguished Themselves in Every Form of Culture and of 
What They Wrote. It was one of the first known documents that 
listed, identified, and categorized a library’s holdings. Within 
the pinakes, Callimachus gave a list of works alphabetically by 
author and genre. The very fact that he took Zenodotus’ 
organisational principle further emphasizes for us that the 
Great Library was an organized collection [1, 4].  

It is worth mentioning that pinakes as a Greek term can be 
used in the sense of ‘list’ or ‘register’. In the 5th and 4th 
centuries BC there was a well-established tradition of 
compiling lists of priests, victors and dramatists. Aristotle also 
wrote different works in the form of lists, pinakes that have not 
survived. Only from quotations by later scholars we know 
about his lists which were as follows: Winners at the Olympic 
Games, Winners at the Delphic Games, Victories in the 
dramatic contests of the Dionysia at Athens, and Dramatic 
Plays. The latter lists recorded the history of Attic drama, 
because they provided a list of all tragedies, satyr plays, and 
comedies performed in Athens during the 5th and 4th centuries 
at the most significant Dionysian festivals. So the pinakes of 
Callimachus formed part of this tradition strongly supported by 
the Aristotelian school [6]. 

21

Volume 14, No. 4 Australian Journal of Intelligent Information Processing Systems



In Greek the „literature” word refers to education or 
erudition, so Callimachus, being adjusted to the Egyptian 
ruler’s objective, intended to cover the complete Hellenistic 
culture in the index list of rolls [4]. The Ptolemies conceived 
the Library of Alexandria as a kind of repository for the 
accumulated knowledge of the humanity and as one in which 
all the written Greek documents could be found and accessed. 
They seemed determined to follow Alexander the Great’s plans 
to establish a universal library. Defining their institution as a 
“universal” library, modern readers are immediately provided a 
sense of the scope and priorities the Ptolemies had for their 
institution; they wished to collect everything. Using the 
author’s approach Callimachus added a short biography to each 
author’s name and he described the originality of each 
document. In modern sense we can say that he “added 
metadata” to each entry – writing a short biographical note on 
each author –, which prefaced that author’s entry within his 
catalogue. It supported to avoid confusion in the works of 
authors with similar or identical names, but separating 
materials of the original author and works of namesakes was 
extremely difficult. Since the title was seldom clear (if it 
existed at all), therefore he always added the first line of the 
work to his catalogue and noted how many lines the given 
work included. A brief summary of the content was also 
provided about the work. Variations in author’s names or titles 
were carefully recorded. Using the pinakes a library user could 
find out if the library contained a work by a certain author, how 
it was categorized, and where it might be found [1]. 

The catalogue was composed of 120 books (rolls), and it 
had registered approximately 200 000 papyrus rolls. Since the 
library of the Mouseion was practically complete as regards 
Greek literary works, the catalogue is thought to be a national 
bibliography of contemporary Greek literature too. It also 
appears as ancestor of bibliography and science history because 
of its biographical notes [7]. Briefly we summarize that 
Callimachus’ impressive work was a detailed bio-
bibliographical survey of the most significant Greek works. He 
tried to provide complete and reliable access to the library 
holdings, and that work consisted basically of literary criticism. 
Although now lost, it existed in the Byzantine period as a 
standard reference work of Greek literature. This reference tool 
was used by later scholars, as can be inferred from the fact that 
Aristophanes of Byzantium, the great Alexandrine grammarian, 
published corrections and supplements to the pinakes [1, 2]. 

The structure reflecting the contemporary scientists’ and 
literary men’s intellectual system was separated into two 
levels: 

 At the higher level there was a categorization of the 
writers that provided a ‘skeleton’ of the division. 

 At the other level each category was arranged in 
alphabetic order by author. 

Callimachus divided the library documents into two main 
parts: poets and prosaists. In both categories he created six sub-
groups separately: 

 poets: epic poets, elegists, satirical poets, lyrical poets, 
tragedians, comic playwrights; 

 prosaists: historians, speakers, philosophers, physicians, 
natural scientists, miscellaneous literature (comprising 
also writings on cooking and dining) [7, 8]. 

III. CONTENT IN THE VIRTUAL LIBRARY MODEL  

First we decided to implement Callimachus’ hierarchical 
structure in our virtual library model. We selected three 
illustrious Greek ancient authors who would stand for each 
sub-group within the „poets” main category. We followed the 
same author’s approach as Callimachus used in his catalogue 
by connecting the author’s image or his bust with the author’s 
name, and added a short biography to him. Using this approach 
we imitated the same the content layout once available in 
pinakes. 

We have integrated the collected and edited content into 
this library model in the following way: 

1. We tried to find images closely related to the authors’ 
life and poetical works. These images covered a wide 
spectrum of artistic works: statues, graphics, marble 
reliefs, paintings and maps. 

2. Then we gathered and edited a short biography of the 
selected authors. Referring to their significance in 
Greek literature, we provided a short overview about 
their life and listed the most important masterpieces 
they created. Entries in Encyclopedia Britannica and in 
Wikipedia online sources2 were used and checked for 
this task. 

3. Considering the copyright restrictions, we retrieved 
proper English translations of Greek poetical works. 
For this aim we could use the electronic version of 
literary works which were available in various 
digitization projects e.g. Perseus Digital Library 
Project (Tufts University)3, Project Gutenberg, Google 
Books Library Project, California Digital Library 
(University of California). Among them we emphasize 
the importance of Perseus Digital Library Project 
which has built a retrievable database from the old 
Greek texts both in native language and in English. 
They have also developed 3D data models with an 
intention to incorporate them into Perseus Digital 
Library. In this comprehensive project standardized 
schemas are used for describing ancient Greek texts 
[9]. Then we edited these English translations in one 
page (A/4) length and in the suitable format. 

4. We loaded all of the collected library content into the 
VIRCA system in a certain logical order and means 
according to the special characteristics of the software. 

                                                           
2 http://www.britannica.com/EBchecked/topic/14417/Library-of-Alexandria 
(et passim); http://en.wikipedia.org/wiki/Library_of_Alexandria (et passim) 
(2016-06-18) 
3 http://www.perseus.tufts.edu/hopper/ (et passim) (2016-07-13) 
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IV. IMPLEMENTATION OF THE VIRTUAL LIBRARY IN A 3D 

ENVIRONMENT 

In the implementation of our three-dimensional virtual 
library model about three years ago [10, 11] we decided to use 
the excellent 3D presentation and navigation features of the 
Virtual Collaboration Arena (VirCA) system developed in 
the 3D Internet-based Control and Communications Research 
Laboratory at the Institute for Computer Science and Control 
(MTA SZTAKI) [12, 13]. In the further development of the 
library model, the 3D environment of the VirCA system 
remained the base of the implementation, although we added 
new presentation features to the model (e.g. browser windows 
provided by the new version of the VirCA system) [14] and we 
have been developing alternative web-based presentation 
interfaces as well [15]. 

The base of the 3D model is a virtual room of the VirCA 
system which we decorated and ‘furnished’ according to the 
library content we selected for the presentation — not 
mentioning the atmosphere or ‘feeling’ which we intended to 
recreate imagining the ancient, precious environment of the 
Library of Alexandria. The back wall of the room contains the 
‘main title’ of the room – Mouseion – on a background picture 
representing the ancient Library of Alexandria (see Fig. 1). On 
the left there are some posters describing the brief history of 
the Library of Alexandria (with a map of the respective area); 
on the right we placed a few additional posters which provide 
the user or ‘visitor’ with some important information of the 
system of the library elaborated by the famous librarian, 
scholar and poet Callimachus. 

 
Fig. 1 The back wall of the room representing the 3D library 

model 

This part of the room is obviously important for the visitors 
to form an initial conception of the environment. However, the 
selected library content is presented in the front part of the 
room in carefully arranged boxes or ‘cabinets’. Each cabinet 
contains a selected text inside and has a lamp on its ceiling to 
illuminate the inner content properly. The cabinets are usually 
curtained or ‘veiled’ by an appropriate image identifying the 
content of the cabinet (e.g. by the title of the presented text, the 
image of the author etc.), but sometimes, e.g. when the text 
inside the cabinet is presented in a browser window, the front 

side of the cabinets can be wide open (i.e. without any ‘curtain’ 
image) so that their inner content can be seen (see Fig. 2). 

 
Fig. 2 Cabinets on the front wall of the virtual room with or without  

‘curtain’ images 

Each cabinet has a label which identifies a corresponding 
category (e.g. epic poets, elegists, lyrical poets etc.) selected 
from the ancient classification system of Callimachus. In 
addition to the texts which are available inside the cabinets, we 
attached on both sides a maximum of four relevant images to 
each cabinet in order to help the users find the cabinet they are 
looking for more easily (if possible, “at first glance”), or 
understand the represented content more clearly. We called the 
sequence of images ‘image corridors’ because they can serve 
as a kind of ‘navigator’ the main function of which is to direct 
the user to the corresponding cabinet (see Fig. 3).  

 
Fig. 3 Cabinets on the front wall of the virtual room with image 

corridors on their left side 

The images displayed in the image corridors achieve two 
different purposes. On the left side, each image belongs to only 
one cabinet illustrating, explaining or completing its content. 
The images can be ancient maps, paintings, antic sculptures, 
reliefs, papyruses, book covers etc. on the one hand, and 
selected quotations, concordances, explanations, commentaries 
etc. on the other hand. On the right side, the images may occur 
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in more than one image corridors. They can present dictionary 
or encyclopedia entries, lists of selected sources or references, 
bibliographies etc. which refer to every one of the cabinets (i.e. 
their represented content) in a particular set of cabinets. 

As regards the searchability and accessibility to the relevant 
content of the three-dimensional virtual library model, the 
careful arrangement – or juxtaposition – of the cabinets are of 
vital importance, especially in terms of the presented collage of 
the various content which the spatial hypertext structure is 
based on [16]. There is a wide variety of possible visual 
features which can imply meaning in a spatial hypertext system 
considered as a special collection of visually grouped elements 
or (as in our case) objects. Such features include “shapes, 
colours, borders, lines, arrows, regions of visual space, 
proximity of visual elements, and labels affixed to any of the 
above” [17], as well as the various styles or formats used in the 
presented (hyper)text (e.g. by using CSS in an HTML-based 
environment). In addition to the spatial arrangement of cabinets 
by categories of Callimachus, in the present implementation of 
our virtual library model additional labels, different curtain 
images and specific image corridors can be used to create an 
effective spatial hypertext structure in the virtual 3D space. In 
this space the users can move on purpose, searching for a 
specific information — or just walk across the room and amble 
along for pleasure, and explore everything they think is 
important or interesting. They can have a close look at the 
images and enter into each cabinet and read (or just have a 
short glance at) its content. Note that one of the great 
advantages of reading texts in the three-dimensional virtual 
space is that the users can freely choose the reading distance 
from the text they are interested. It is a feature which makes the 
three-dimensional space, at least concerning readability, an 
inherently accessible application because moving closer results 
in bigger fonts which obviously help the user to read the text 
more easily. 

In order to take full advantage of the 3D environment we 
need a dynamic server-based system which can manipulate a 
database of the virtual library content, offers an interactive 
interface for the users to compile a search query from the 
metadata (categories, keywords etc.) available, and generates 
spatial maps and multiple views respectively — using the 
features of both 2D (i.e. web pages) and 3D (i.e. the VirCA 
system). For example, the 3D view of the virtual room that can 
be seen in Fig 3 has been generated by a query such as 

(SELECT TOP 3 * FROM … WHERE CATEGORY LIKE 
‘EPIC POETS’)  
 UNION  
(SELECT TOP 3 * FROM … WHERE CATEGORY LIKE 
‘ELEGISTS’)  
 UNION  
(SELECT TOP 3 * FROM … WHERE CATEGORY LIKE 
‘LYRICAL POETS’); 

which provides all relevant information which is necessary to 
generate the corresponding view. Note that a query like this 
naturally implies the visual grouping (or the hierarchical order) 
of the library content to be displayed according to the given 
categories. 

V. THE HYPERTEXT REPRESENTATION OF THE 3D VIRTUAL 

LIBRARY MODEL 

Using HTML, CSS and JavaScript technology, we have 
created a hypertext representation or projection of our three-
dimensional virtual library model (see Fig. 4, 5). In a web 
browser window, we can navigate in the two-dimensional 
projection or ‘map’ of our 3D library model. We can see a 
selector table in Fig. 4 which consists of two parallel rows 
each containing nine cells symbolizing the selected cabinets. 
Every cabinet can be selected interactively by simply clicking 
on the corresponding cell in the table. Note that the content of 
the table is generated automatically (in fact, by a PHP script) 
according to the query the user has sent to search the database. 
To avoid the continuing and unpleasant use of the vertical 
scrollbar, we focus on only one cabinet displayed in a main 
cell instead of all the cabinets that can be displayed in the 
virtual room in the 3D space. The function of the main cell is to 
display the content of a selected cabinet (see Fig. 5).  

 
Fig. 4 The hypertext representation of the 3D library model 

Let us see an example of the use of the 2D environment. 
After ‘Sappho’ has been selected in the selector table, the main 
cell would display the text of the curtain image of the selected 
cabinet (e.g. the title ‘Sappho’ or her picture). The main cell is 
surrounded on the left side by the thumbnails representing the 
images which are attached to the left image corridor of the 
corresponding cabinet in the 3D space. We can select every 
image by simply clicking on the thumbnail on the left; for 
example, if we select the image of Sappho (that is, the second 
thumbnail), the result can be seen in Fig. 5. 

 
Fig. 5 The image of Sappho in the main cell of the hypertext 

representation with the left image corridor 
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In the current implementation of the model, the images of 
both the left and the right image corridors of the cabinets can 
be displayed at the same time. Fig. 6 displays the two-
dimensional projection of the virtual room focusing on the 
cabinet containing information on Homer. 

 
Fig. 6 The image of Homer in the main cell of the hypertext 
representation with both left and right image corridors 

VI. INFORMATION RETRIEVAL AND CONTENT GENERATION IN 

THE 3D VIRTUAL LIBRARY MODEL 

In order that the collected and processed information could 
be well-searchable we created a dynamic server-based system 
based on a MySQL database of the virtual library content [11]. 
A PHP-based interactive web interface is available for the 
users to create and modify a search query the functionality and 
content of which have been continuously improved since its 
first implementation (see Fig. 7). 

 
Fig. 7 Selecting and adding new criteria to a search query 

The users can select (any combination of) the available 
items from several lists that contain the proposed values of the 
different types of library metadata (e.g. author, category, title, 
language etc.). After the selection procedure has been 
completed the browser generates the corresponding SQL 
query statement (using JavaScript). One definite advantage of 
this solution is that the users can freely modify the query and 
search for other data in the database (with the natural risk that 

they will get no results). After all search criteria have been 
properly given, the users can simply click on the ‘Search’ 
button and thus can send the accepted SQL query for further 
processing to the DBMS. Note that in the “SQL Result” text 
area of the search interface the generated SQL query can be 
manually modified before sending it. 

After the query has been successfully processed the search 
results can be displayed, and thus can be quickly viewed and 
checked, in two different ways. In the first place, a specifically 
designed web page is generated which serves as a kind of 2D 
projection or hypertext representation of the three-dimensional 
presentation of the search results as we have described in the 
previous section. 

There is another way of displaying the search results. After 
clicking on the “Generate VirCA room description file” button 
just above the selector table on the web page (see Fig. 4) a 
well-formed XML file would be generated according to the 
corresponding validity requirements of the VirCA system. Of 
course, the main function of this XML file is to present the 
virtual room in the three-dimensional virtual world of the 
locally installed VirCA system (the corresponding folder of 
which can be accessed by the PHP program). But the virtual 
room described by the XML file can also be displayed as a 
web page using XSL technology [11]. In the current 
implementation of our virtual library model we also use the 
jQuery technology to implement some useful dynamic effects 
on the generated web page, e.g. placing opaque thumbnails 
representing the content of the image corridors on the left and 
right sides of the curtain images of the cabinets and, after 
clicking on them, displaying their contents (see Fig. 8). The 
inner content of the cabinets is displayed behind the curtain 
images, and they can be displayed by clicking on them. In case 
we attached a valid URL to the displayed images the browser 
can also display the linked pages. 

 
Fig. 8 The projected cabinets, labels and image corridors (as small 

opaque thumbnails) displayed on an XSL generated web page 

Both presentation forms provide a holistic overview of the 
objects representing the search results on one page. Note that 
in both projections all essential constituents of the 3D virtual 
environment (e.g. cabinets, labels, curtain images, the content 
of the cabinets as background pictures, image corridors on 
both sides, main arrangement characteristics of the cabinets 
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etc.) are represented on the 2D plane. The search results can 
be available in two ways: 
(1) after clicking of the symbols of the cabinets arranged in the 
selector table serving as a 2D map on top of the generated web 
page (see Fig. 4). The content of the selected cabinet can be 
displayed in the main cell of the web page surrounded by 
image corridors on both sides (see Fig. 5 and 6); 
(2) the search results are displayed as background pictures of 
the (symbolic) cabinets arranged in two parallel rows, just like 
in the 3D environment (see Fig. 8). 
If we are satisfied with the results, the generated XML file 
providing the description of the virtual room could then be 
used in the locally installed VirCA system to view the results 
in the cabinets in the virtual 3D space – offering all the great 
advantages and benefits described before. 

VII. THE 3D VIRTUAL LIBRARY MODEL AS A NETWORK AND 

KNOWLEDGE BASE 

The database structure of the current implementation of the 
3D virtual library model is based on three tables (called main, 
links and extras) which specify the structure and function of 
the elements or entities of the library model as a network. The 
records of the main table can be considered as the (parent or 
child) nodes of the network. They describe selected primary 
texts (poems, fragments, or selected passages of literary works 
etc.) and the visual representations of the various sources of 
the texts (e.g. web pages or printed materials). The records are 
classified into different categories including Callimachus’ 
original categories (e.g. Elegists, Epic poets etc.). 

The current implementation of our model, the records of 
the extras table have two different functions. First, they refer 
to images which are closely related to the texts or their sources 
(e.g. relevant pictures of a web page or illustrations in a book). 
Second, they refer to images representing commentaries or 
other verbal content (selected concordances or quotations etc.) 
which explain and/or emphasize certain parts of the texts of 
the main table or add relevant information to them. The 
records of the extras table are displayed in the left image 
corridors. As we mentioned before, the number of displayed 
images on each corridor is limited to a maximum of four 
items. They represent leaf nodes (i.e. nodes that do not have 
any child nodes) in the network of the library content. 

The records of the links table describe various relationships 
between the texts of the main table including e.g. collections 
of references and sources, translations, bibliographies, and 
other related documents. The records of the links table are 
displayed in the right image corridors. In addition to the 
hierarchical relationships (and the respective links) formed by 
categories and authors, the records of the links table form 
additional links between the nodes of the network. 

It is worth mentioning that using “the new science of 
networks” paradigm [18, 19, 20], the primary texts with the 
corresponding illustrative images and/or commentaries in the 
left image corridors might be considered as “small worlds” in 
the network because they are always displayed together in the 

3D space as well as in the spatial 2D hypertext representation 
(see Fig. 9). 

 
Fig. 9 A selected passage from Odyssey by Homer. The primary 

text with the images on the left side form a “small world” of nodes, 
while the dictionary entries on the right side act as “authorities” 

In addition, those nodes that convey basic reference 
knowledge (e.g. dictionary entries about Greek mythology) 
displayed in the right image corridors (as in Fig. 9) could play 
the important role of authorities [21, 22]. They link the highly 
interconnected groups of nodes (i.e. nodes forming “small 
worlds”) having a reference to the same dictionary entry. Note 
that in our virtual library model the authors of the texts could 
play the role of hubs linking those “small worlds” the text of 
which has the same author. 

Because in our virtual 3D library model the selection and 
organization of materials, and consequently the structure of 
the network of library entities depend only on the content we 
would like to represent and offer, we are free to build a 
network having a specifically designed characteristics. We 
have decided that our network should be scale-free because 
scale-free networks seem to have a strong relationship with 
human language, cognition and behavior [18, 21, 22, 23]. 
Therefore they seem to be especially suitable and efficient also 
in library environment. Our research hypothesis is that having 
been ensuring the scale-free characteristics of the network of 
nodes in our virtual library model (constructing “small-
worlds” of nodes, interconnecting them with appropriate hubs 
and authorities etc.) would gradually lead to a carefully and 
efficiently organized network of represented knowledge. 

VIII. THE ALEXANDRIAN MODEL OF NETWORK FORMING THE 

COGNITIVE FRAME OF THE VIRTUAL LIBRARY MODEL 

The validity of our research hypothesis is naturally based 
on the question whether our virtual library model could satisfy 
the basic requirements of scale-free networks. In the following 
we shall describe a simple abstract network model called the 
Alexandrian model of network which seems to comply with all 
the necessary requirements and, moreover, it provides some 
essential characteristics of the network with very plausible 
interpretations. We will show that the concepts of this abstract 
model can be easily mapped into the main concepts of our 
virtual library model (i.e. categories, authors, texts, illustrative 
images and/or commentaries in the left image corridors etc.). 
Consequently, we might consider the Alexandrian model of 
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network as a cognitive frame of our virtual library model, and 
the representation of the knowledge our virtual library model 
conveys. 

The Alexandrian model of network is represented by a 
directed graph forming a hierarchical (or tree) structure. The 
model contains four different levels. 

(1) For the sake of simplicity, let the first (or top) level have 
only one node or vertex which might correspond to a specific 
category of the library model (later we shall see that the 
number of nodes on the first level has only minor effects on 
the main characteristics of the model).  

(2) There are n1 nodes on the second level which are linked to 
the node on the first level; these nodes, according to 
Callimachus’ scheme, might correspond to the authors in the 
virtual library model.  

(3) The organization of the third level is similar to that of the 
second one, except that each node of the second level has 
exactly n2 links to the different nodes of the third level. 
Consequently, in the third level there are n1*n2 nodes which 
might correspond to the selected texts of the authors. 

(4) The organization of the fourth level is similar to that of the 
third one, except that each node of the third level has exactly 
n3 links to the different nodes of the fourth (and last) level. 
Consequently, in the fourth level there are n1*n2*n3 nodes 
which might correspond to the illustrative images and/or 
commentaries in the left image corridors. Note that in our 
virtual library model there can be only a maximum of four 
images in the left image corridors which results in n3=4. 

The Alexandrian model of network represents a scale-free 
network where the frequency or degree of nodes (that is, in 
our model, the number of outgoing links from nodes) should 
follow a power law distribution f(x) = c * x–γ which results in 
three simple equations: 

c * n1
–γ = 1 

c * n2
–γ = n1 

c * n3
–γ = n1 *  n2 

Supposing that the value of the parameters n2 and n3 has 
been already set by predefined values (n2 > n3), the second and 
third equations lead to the determination of the exponent γ by 
the formula 

γ = log n2 / (log n2 – log n3)   (A). 

Now that the exponent γ can be counted, the first and 
second equations lead to the determination of the variable n1 
(which might correspond to the necessary number of authors) 
and the constant c by the formulas 

log n1 = ( γ * log n2 )/( γ - 1 )   (B) 
c = n1

γ     (C). 

Assuming that n3=4 the exponent γ depends only on the 
number of (outgoing) links of each node in the second level 
pointing to different nodes of the third level, i.e. n2. Note that 

setting the value of n2 to 8 which is very close to George 
Miller’s “magic number seven” [23], we get for the exponent γ 
the exact value 3 (in fact, n2 = 7 results in γ = 3.47722525...).  

A simple interpretation of these results can be as follows. 
As we mentioned before, n3 is the number of (outgoing) links 
of each node of the third level pointing to different nodes of 
the fourth level which might correspond to the illustrative 
images and/or commentaries in the left image corridors of our 
virtual library model. Because the nodes of the third level 
might correspond to the selected texts of the authors in the 
virtual library model, and the texts and the corresponding 
images and commentaries form an inseparable whole which 
can be plausibly interpreted as a “small world” of the network. 
Hence, each small world contains (n3 + 1) nodes. In addition, 
n2 is the number of (outgoing) links of each node of the 
second level pointing to different nodes of the third level; the 
nodes of the second and third level might correspond to the 
authors and selected texts of the authors in our virtual library 
model, respectively. So the authors can be considered as hubs 
linking the small worlds formed around the selected texts of 
the authors. 

According to the Alexandrian model of network the value 
of the exponent γ of the power law distribution depends only 
on the degree (i.e. the number of outgoing links) of hubs and 
the size (i.e. the number of nodes) of the small worlds of the 
network described by the simple formula (A) which gives a 
very plausible interpretation for one of the most important 
characteristics of the described scale-free network. 

Finally, we would like to make some additional remarks. 
First, we mention that using more than one node in the first 
level (which might correspond to more than one category) 
only the constant factor c of the power law distribution will be 
affected (e.g. using two nodes c will be twice as much etc.). 
Second, adding new nodes to the fourth level of the model as 
authorities linking the appropriate nodes in the third level (e.g. 
those texts which have a reference to the same dictionary 
entry), only the parameter n3 will be affected, i.e. its value will 
be increased by a fixed number. This number, in our virtual 
library model, is equal to the maximum number of displayed 
nodes in the right image corridor which results in n3=8. 

IX. THE MAIN PURPOSE AND POSSIBLE APPLICATIONS OF THE 

VIRTUAL LIBRARY MODEL 

The main and unique design and development principle of 
our virtual library model based on the system and content of 
the ancient Library of Alexandria is to represent the library 
content deliberately as a scale-free network. The systematic 
and efficient organization of data, which is one of the expected 
results of the scale-free characteristics of the network of the 
represented library knowledge, reflects the main purpose of 
the virtual model of the ancient Library of Alexandria. There 
are a lot of valuable sites in the internet (e.g. the Perseus 
Digital Library4) which provide rich sources for those who are 

                                                           
4 http://www.perseus.tufts.edu/hopper/ (2015-09-06) 
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interested in the works and thoughts of the ancient authors. 
But they offer access to data in the first place and leave the 
selection and processing of data to the reader who might or 
might not cope with the enormous quantity and high 
complexity of the available materials (not mentioning the 
necessary background knowledge, linguistic competence etc.). 
For qualified scholars, it may seem to be quite acceptable; but 
for non-professional users (including students) there is a 
considerable and increasing need for a kind of efficiently 
preprocessed, “ready-made” knowledge which is suitable for 
understanding, interpreting, learning and/or memorizing the 
processed content “as is”. Which is, in our case, one of the 
most important cultural heritage of the western civilization – 
to say nothing of other important “side effects”, e.g. the 
outstanding educational role of the provided literary texts in 
language learning (in our case, learning English). During the 
development and implementation of our virtual library model 
we have been focusing on a kind of “read and learn at once” 
strategy which is perfectly supported by the three-dimensional 
and spatial representation of the provided knowledge (using 
both verbal and multimedia texts), the built-in limits for the 
available materials (e.g. a maximum of 18 cabinets in a virtual 
room, a maximum of four images in each of the two image 
corridors including illustrative images, appropriate quotations, 
commentaries etc. on the left side and related materials on the 
right side, the limited size or segmentation of primary texts 
etc.), and the conscious organization of the content. 

In addition to the possible applications described above, 
our research work is strongly connected to digitized content 
management which has a vital role in the infocommunication 
sector. Here we can speak about an expanding content space 
where ‘content’ is interpreted in a broader sense, covering 
voice, data and visual information as „traditional” inputs on 
the one hand, and smelling, touching, emotions, sensory 
information, 3D gestures etc. on the other hand. Combining 
infocommunications and cognitive science, and expanding the 
content space with cognitive and sensory contents, the central 
aim of cognitive infocommunications can be “to manage this 
expanding content space, and to provide opportunities for 
creating enhanced, richer applications” [24, 25], including the 
enhanced use of the 3D environment and virtual reality [26]. 
We would like to add that, by any form and composition of the 
content space the application is actually using, only the 
efficient organization and representation of data could 
effectively lead to the aspired transformation from the 
represented and manipulated content (e.g. the retrieved data of 
the application) to real knowledge, so that the cognitive 
“capabilities of the human brain” would be extended and may 
“interact with the capabilities of any artificially cognitive 
system” [26]. Not to mention that the study of the 
representation of knowledge is one of the main research areas 
of cognitive science. Besides, it seems to be a question of 
great interest whether the approach of considering the 
represented content as a scale-free network could lead to 
“emergent cognitive properties” of a systematically organized 
and well managed application – just like in the case of social 
networks where those properties are the result of “high-level 

structural and organizational management” which is therefore 
one of the main issues of interest to CogInfoCom [27]. So we 
firmly hope that our three-dimensional virtual library model, 
its implementation and content, and the scale-free Alexandrian 
model of network which the organization and content 
development of our virtual library model is based on, will be a 
really useful and valuable contribution to the cognitive 
infocommunications research which inspired our work. 
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