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Abstract: In this paper we present an agent oriented implementation of the transfer of the references 
emergencies in a hyper-encyclopedia. First of all, we formally define a hyper-encyclopedia as a reunion of 
encyclopedias which belong to some network nodes. Furthermore we present a model of the hyper-
encyclopedia based on oriented graphs. Finally, we propose a distributed algorithm which describes the 
functionality of some agents within their nodes. Such agents transmit tasks from one node to another, 
regarding the definition of new (encyclopedias) articles. These tasks are hierarchically structured by an 
evaluation function which describes both the importance and the emergency of one task. We also present some 
efficient modalities of calculus. 
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1   Introduction 
Wikipedia is an example of a high success 
distributed encyclopedia, which can compete with 
well-known encyclopedias like Britannica or 
Encarta. By one hand, Wikipedia does not have a 
hierarchical system based on references (mutual 
citations), on the other hand, Google uses PageRank 
algorithm in order to hierarchize the web pages. 
PageRank uses simple mathematical functions 
applied to the web pages super-graph. There are 
different other formulas [3,4,5] for page ranking, 
each of them with practical advantages and 
disadvantages. We will suggest such a system to 
hierachize the articles in a hyper- encyclopedia. As a 
result we will define a measure of the importance of 
existing articles and a measure of the emergency in 
defining new articles, based on the citations of the 
existing ones. 

2   The problem 

2.1 Developing a hyper-enciclopedya 
We consider a computer network. We suppose that 
in each node we have some human users (students) 
who want to develop a hyper- encyclopedia. A 
hyper-encyclopedia is a distributed encyclopedia. 
The articles are defined in different network nodes 
and each article could have (within his definition) 

links, both to articles in the same node and to 
articles in other nodes. 
A hyper-encyclopedia is practically a network of 
encyclopedias, in each node there exists one 
encyclopedia (figure1): E=E1 E2 E3  … En,
where Ei is the encyclopedia developed in node i,

ni ,1 .
     Each user i has to develop a certain theme or 
encyclopedic document Domi. It is possible and 
permitted for most users to introduce data and, thus, 
to define the same entry in their encyclopedias, but 
with different definitions and in different nodes. 
     One encyclopedia Ei is a collection of articles, by 
the form Ei = (Domi, {Aij} iMj ,1 ), where Mi is the 
number of articles from encyclopedia Ei, Qi= Ei .
An entry-article Aij in Ei encyclopedia has the form 
Aij=(Tij,Dij,LSij), where Tij is the article title, and Dij
is its definition. The article definition includes 
different links from the  LSij set to another articles of 
hyper/encyclopedia. One link could be to one article 
in the same encyclopedia, or to another one, from 
another encyclopedia.  
     One link Lijk LSij has the form Lijk=(u,v) which 
means that Lijk is a references to the article u from 
encyclopedia numbered with v. Thus, the 
encyclopedia of user i, is: Ei = (Domi,{Aij}), where 
Aij defines the j-article from encyclopedia numbered 
with i.
     The users have to develop the encyclopedias. The 
development  implies  writing  articles, which means 
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writing their titles, definitions, and editing the links 
within their definitions to other articles which exist 
or not.  
     Each user will introduce the articles of his own 
encyclopedia. When he introduces one particular 
article A in his own encyclopedia, the student has to 
write the title, then the article’s definition, and to 
make references to other articles related to A. In this 
way, the student has to create a link between A and 
other articles from his own encyclopedia or from the 
others. The user introduces the title himself; for the 
definition he could use books, journals, web 
resources etc. In the mean time, he could find 
inspiration from the definitions (of the same article) 
that his colleagues could give to him. In this way, he 
will access the encyclopedias of his colleagues and 
he will search for article A. He will take the 
definitions of A, given by his colleagues and he will 
create his own. 
     In order to realize the references of this article to 
others articles, these articles must exist, if not they 
must be created afterwards. If these articles do not 
yet exist, they became a task for a particular user. 
Every user will have, in this way, more tasks, which 
means the introduction in his encyclopedia of a 
definition for one term or another. 
Initially, the user will think at some articles from his 
encyclopedia’s domain, to whom A bears on. He 
will search for these articles in his encyclopedia and, 
if they exist    he will create the links. If not, he will 
make the links, but he will note in his task scheduler 
to append this article in his encyclopedia.  
     After that, he will look to create links between 
his article and articles related to this one from other 
encyclopedias. He will search at his colleagues those 
articles related to A, or those which are linked to A 
and he will create the proper links. If every student 
has a well defined domain to fulfill then the links 
between A and the articles from other encyclopedias 
will be made according with the domain (or 
domains) where A belongs. 

2.2 An example of hyper-encyclopedia 
     Assume that some students (users) develop a 
hyper-encyclopedia about computer sciences. In 
figure 1, the assignment of student number 1 is 
programming languages. Student number 2 has the 
assignment peripheral equipment and student 
number 3 has to write about algorithms and data 
structures. 
     Let us suppose that student number 1 has 
introduced already the articles called Pascal and C, 
and now he has to introduce the article about Basic. 
Suppose that student 2 and 3 have introduced their 

articles as we can see in figure 3. At the moment 
when student 1 defines the article "Basic" from his 
encyclopedia, he could make the following types of 
links:
1. links to already defined articles, from his 
encyclopedia, like Pascal or C – in this case he only 
creates the links and they became functional; 
2. links to other articles that do not yet exist in his 
encyclopedia, but they should be, for example 
Fortran or Java. In this case, he will create the link 
(which is not functional for the moment) and he will 
append in his tasks list that he must introduce    
these articles; 
3. links to articles which already exist in other 
encyclopedias, like "Monitor" or “Keyboard" from 
encyclopedia 2 or "Input/output operations" in 
Basic); in this case the links are created and they are 
functional; 
4. links to articles that do not exist in his 
encyclopedia, but they should be in other 
encyclopedias (they are in the task lists of those 
students); in this case the links are created, although 
they are no yet functional. 

Fig.1. An example with three students. The articles 
already introduced and the tasks lists 

     From this example we notice that every student 
has to have a list with the articles to append in his 
own encyclopedia. It is more suitable that each 
student can append articles in his colleague’s tasks 
lists if he considers that his colleagues should 
introduce some particular articles and they did not 
(or they did not suggest it). For example student 
number 1 could consider that in encyclopedia 3 
there should exist a definition for the “repetitive 
control structure”, but maybe student number 3 has 
not introduced such a notion and does not intend to. 
In this case, student 1 appends this article to 
student’s 3 tasks list. 

3 The solution 
3.1 An oriented graph structure for the 

hyper- encyclopedia’s articles 
 If we will consider that the articles (terms) from the 
whole encyclopedia and their related links, form an 
oriented graph G = (NG, MG), then each network 
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node has in fact, a part from G nodes and also a part 
from arc, corresponding to the internal links.  
     Let X be X = (NX, MX), and Y = (NY, MY) two 
subgraphs of this kind for G, which correspond to 
some encyclopedias within the network nodes. For 
an oriented subgraph X, let NX be the set of X
vertices. The vertices are words defined in the 
corresponding node of X. Thus, the graph X = (NX, 
MX) corresponds to an encyclopedia i, ni ,1 ,

where NX = {Aij} iQj ,1  and MX = {L  LSij; L 

= (u, i), iQk ,1  : Aik=u}. We also define by Dv
X

the text of the definition of the term v NX in X. The 
length of one definition is given by its number of 
words. Let length(Dv

X) be the length of definition of 
v in X. We will consider a certain term v from NX. If 
in the definition of v, a reference to the term u
occurs (no matter if u belongs to NX or to NG-NX), 
we will define by position(u,Dv

X) the occurrence 
position (the distance in words from the beginning 
of the definition). We will connect to the oriented 
graph G a cost matrix A=(avu), uv N, with (34.1): 

)(
),(

X
v

X
v

vu Dlength
Duposition

a
             (3.1) 

3.2 An estimation function for determining 
the emergency in defining an article 
within a node 

 Based on the notations above, we define the 
importance of a term u NX, in the subgraph X, by 
(3.2): importance (u, X) =  

XGv
uv

Xv
vu

Xv
uv

XGv
vu aaaa

     (3. 2) 

     The importance of one term within a definition is 
a measure of the position where this term should 
appear (in the connected encyclopedia) and it is 
related to terms already defined. 
     For non-existing terms, but with existing 
references (in their own encyclopedia, or in others), 
we define a node emergency. The emergency of 
node u referred in X, and which should be defined in 
Y, is given in formula (3.3). 
emergency (u, Y, X) = 

XNv
vuvuX aaNv 0|

       (3.3) 
     
    In the node Y, for a term u, we can calculate the 
emergency in defining this term by summation of 

the emergencies received from each node X from 
graph G.

 total-emergency (u, Y) =  

GX
XYuemergency ),,(

                      (3.4) 

3.3 The agent for transferring the 
emergencies of the articles from one to 
another  

An agent is a program that is capable of acting by 
him in order to achieve its goals. It runs without 
human intervention, proving pro- activity, reactivity 
to environment and communication skills [1]. 
     The transfer agent (ATR) associated with node X
will work like this:  

it will determine what new articles (new 
tasks) should be asked to the other nodes, in 
connection with the underlying domains 
(according to the user specifications from 
X);
it will receive from the network new articles 
(new tasks) that it has to define and append 
these to NX; 
it will calculate the emergencies of the terms 
referred in NX and send them to nodes that 
have to define these terms; 
it will receive from the network the 
emergencies of the terms witch have to be 
defined in NX; 
it will rank decreasingly the list of nodes 
that must be defined in NX, according to the 
values of total emergencies and show this 
list to the user. 

Hence, the algorithm for agent ATR from node X
will be: 
agent ATR(X) 
for each v NX
   for each Y from G 
     for each u NY

)(
),(

X
v

X
v

vu Dlength
Duposition

a

     end-for 
     New_Tasks_for_Y=Ø 
     for each link y from Dv

X

      receive Dom(y) from user(X) 
      if Dom(y)=Y then 

 New_Tasks_Y=New_Tasks_ Y  y 
      end-if 
      send New_Tasks_Y to ATR(Y) 
     end-for 
  end-for 
end-for 
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L = Ø 
for each Y from G 
  receive New_Tasks_X from ATR(Y) 
 for each task from New_Tasks_X 
   NX = NX  New_Tasks_X 
   receive NY from ATR(Y) 
   for each u NY
     k=0 
     for each v NX
        if avu>0 then k=k+1 
     end-for 
     e=0 
     for each v NX
        e=e+k*avn 
     end-for 
     emergency(u,Y,X) = e 
     send emergency(u,Y,X) to ATR(Y) 
   end-for 
   for each v NX
     receive emergency(v,X,Y) 
             from ATR(Y) 
     L = L  {emergency(v,X,Y)} 
   end-for 
   send NX to ATR(Y) 
 end-for 
 total-emergency(u,Y) = 

              
GX

XYuemergency ),,(         

 sort L descending,  
       criteria total-emergency 
 send L to User(X) 
end agent 

     This algorithm is based on messages exchange, it 
is correct and it functions in a network of nodes. It 
was implemented in a multi-agent system for 
assistance in natural language (MAgeLan). 
MAgeLan is developed in the Laboratory of 
Artificial Intelligence and Cognitive Science 
(LAICOS), at the University of Bac u, Romania. 
We used MAgeLan for the Rocarta encyclopedia [2] 
with 10 nodes (10 different domains) and a total of 
2295 articles. The ATR agents hyerarchized the 
articles and they used the process of developing the 
encyclopedia. 

4   Conclusion and future work 
 In this paper we found a measure to define the 
importance of the existing articles from an hiper-
encyclopedia. We also defined the emergency of the 
new cited articles. The hiper-encyclopedia is a 
reunion of local encyclopedias, belonging to the 
nodes of a network. In the future, we want to modify 
the algorithm, such that it would function when 
some nodes will fail. 
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