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The main goal of this wod:: is ro propose a col.labo~ tooi COL-AGORA (COLlAborative diGraph cünjecture 
Research Assistant), for improving fue grnpbist woik in the oonjecturing process. The usual prncrice i.n iliis 
domain. i.s to formulate oonjectures and try to prove, refute or leave iliem as open problems, on ilie basis of an 
existing imowledge. This !mowiedge is shared by ilie scientific oommunity in graph thoory and it is consriruted by 
Boolean and integer invariants, relations between invariants, examples of graph or digraph families.. ilieorems.. 

. --conjecrutes,-defirutions-aoo n~oriS. Móreo'\'er; the mówledge; iliafmrist be eaSY te conmil.( is-u.¡:¡d.ated-a:Dd 
augmented constantly by new results obtained by the research groups distributed al! over ilie world 'The avai.lable 
collaborative tools are in general l.imited to specialized text edirors and e-mail facility. COL-AGORA ,...ill benefit 
from network tedmology anda client-server mchlrecture, offering private lmowkdge repositories that can he 
easily updated and consulted by a specific researd.1 group. Moroover, clients may oonsult repositories of ol:bea­
scientific groups in ilie oomain ttrrough a Web browser using remote networking facility, increasing the 
potentiality of conjecmre evaluation on a specialized server. The reasoning system is based on intelligent agents.. 
charged of l:be repositocy administrntion and the conjecture evaluation process. 

Keywords: oollaborative tool, reasoning system, oonjecruri.ng process, digmph conjecture, intelligent agent. 
distributed arcbitecmre, Ww application. 

INTRODUCTION 

Our main problem is which computational system must be designed in order that research 
groups, teachers and students in graph and combinatorial theory can solve probiems in these 
scientific domains in a natural and oollaborative way. Actually the usual practice in this 
domain is to formulate conjectures and try to prove, refute· odeave them as open problems, on 
the basis of an existing knowledge. This knowledge is shared by the sdentific oommunity in 
graph theory and it is constituted by theorems, Boolean and integer invariants. relations 
betWeen invariants, examples of graph or digraph families, theorems, definitions and notations 
that are oommonly used in oombinatorial problem solving. lnvariants are integer or Booiean 
values that are preserved under isomorphism. The number of nodes and the number of ares are 
obvious intege:r invari.ants; they are related by ares 5nodes (nodes -1). Sorne Boolean 
invariants are: hamiltonian and traceable; they are related by hamiltonian :::::::> traceable. This 
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knowledge, that mu~ be easy to oonsult, is updated and augmented constantly by new results 
obtained by research groups:. In practice, the lrnowledge is scattered in papen.>, books, 
scratches, dravlings and the researchers must manipuiate lots of non-structured and 
heterogeneous informmion. 

An interesting attel!npt to strud:ure and organize ·specialized lrnowledge on paths and · cydes in 
digraphs has been made recentlly [5], and it is the kernel on which the AGORA computational 
tool [23] has been built. This tool assists the graphist in the reasoning process. The graphist 
reasoning is passionating, but at the same time it may ea.sily conduce to a long and sterile 
work, if tools and methods are not available. The logical kernel of the tool is the reasoning 
system, based on terminologicru logic and the oonstraint logic progrrunming paradigm [13], 
[17]. The main reasonnng capabñlities are performed by a subsystem composed fundamentally 
by a knowledge base oonstiruted by selected exampies . of digraphs, relations between 
invariants and theorems in digraph thoory, specificaHy on paths and circuits [5] and a 
subsumption algorithm [10], [11] for oonsistency, proving and refutation. An important 
additional feature of the system is to provide an explanation conceming the conjecture 
deduction process, through a powerful graphical user interface [20], [23]. However this system 
does not offers facility for sharing or updating the knowledge among different groups. 

Several other e:fforts have been made to build oomputational systems to aid graphists. From 
our perspective, the following systems deserve to be mentioned: the INGRID software system 
[3], [6] has been designed in order to bound all invariants once the ranges of selected 
invariants are specifi.ed. The system relies upon a collection of relations between invariants 
involving 36 graph invariants and a set of graphs. The GRAFFITI system [8] generates a 
conjecture on a negative way, i.e. by verifying that the system can not afford a graph as a 
counterexampie to the conjecrure and deciding after that whether the conjecture is or not 
interesting for being the object of further research. Later work on GRAFFITI [9] has been 
motivate by designing more powerful heuristics for tel!ing whether the conjectures made by 
the system are of interest. 

Our goal is to provide the basic elements required to design a new tool, COL-AGORA 
(COLlAborative diGraph cOnjecture Research Assistant) that can benefit from the recent 
technology on heterogenoous and distributed systems, facilitating collaborative work. We 
think that this feature is extremely important to model the "real world" of the graphist 
community practical work. The natural way to work for the researchers distributed aH over the 
world, is actually coUaborative, exchanging, consulting and updating results in graph theory. 

By now, the graphist oommunity uses mostly TEX2 for writing and register results and e-rnail 
as the main collaborative tools. The main goals of computer-supported oooperative work [14], 
which includes workflow automation, GroupWare and collaborative work, is to increase 
productivity in an organization. We feel that a specific domain computational interoperable 
tool that will support this kind of practice oould be a oontribution to increase the research 
production in the field. 
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On one hand our collaborative tool is inspired In the existing AGORA system (23] for 
modeling the graphist reasoning, taking a,dvantage. from its initial knowledge base. On the 
other hand, it will benefit from a distributed architecture en heterogeneous platforms, based on 
a multia,gent model, which is described in this work. 

Besides this introduction and the· conclusion, this paper is structured in three main sections: 
the first one containing the tool initial basic knowledge, the second one discussing the 
experience obtained in the construction of the present AGORA tool, and finally the third 
section, devoted to present the new collaborative tool, COL-AGORA. 

THE BASIC INITIAL KNOWLEDGE 

The problem we want to solve, partially or totally or give assistance to its solution, is basically 
the generation and validation ( consistency checking) of digraph families. These sets of graphs 
are defined in terms of conjunction of constraints establishing values of certain invariants and 
arithmetic relations between invariants. It is a non-decidable complex problem, from a logical 
point of view, that can de sol ved only in certain cases. The main subproblems involved are 
instantiation of a famtly, dtgraph random generation and generation and validation of digraph 
conjectures. 

In graph theory, a colifecture is an implicational statement of the form H :::> T, whose 
antecedent called (H)ypothesis describes the conjunction of Boolean invariants and/or relation 
between integer invariants that a digraph family may fulfill in order to satisfy another 
conjunction o( invariant relations described by the consequent, cálled (1)hesis. A very 
important terminological relation between set descriptions is the subsumption relation. We say 
that a set description H is subsumed by a set description T, if the faritily of digraphs which 

satisfies H, denoted by El is a subset ofthe family of digraphs which satisfies T denoted by P. 
Notice that to prove H :::> T, is equivalently to prove,that El is subsumed by i· 

The conjecturing process in graph theory means all the activities related to the study of a 
conjecture: sol ve or prove, reject or leave it open, on the basis of the existing knowledge 
(relations between invariants, reasoning strategies or methods, existing theorems, open 
conjectures, examples of digraphs families). Notice that the graphist must have at hand the 
definition of the terms used, such as hamiltonian and traceable. [5] Provides also these 
definitions and the computational tool must make them available to the researcher. The basic 
knowledge can be found in (5l Most results are extracted from recent surveys, like [2], (26], 
[27] and it is constituted by the following information: 

31 integer invariants. Among these we have: 
nodes: number of nodes of a digraph 
ares: number of ares of a digraph 
alphaO: maximum size of a set of nodes inducing no are 
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23 boolean invariants. For e]Utmple: 
hamiltoniim: the value true ofthis variable means that the digraphcontains a Hamiltonian 
circuit 
traceable: the vaiue true oftlús variable means that the digraph coritains a Hamiltonian path 

symmetric: the value true oftlús variable means that the digraph is symmetric 

3 integer invariants for bipartite digraphs: 
bialphaO: the maximum size of a balanced set of nodes without an induced are 
bialphal: the maximum size of a balanced set of nodes without circuits 
b ia 1 pha2: the maximum size of a balanced set of nodes without circuits oflength 2 

1 O boolean invariants for bipartite digraphs, such as: 
bicomplete: tlús variable is true ifthe digraph is complete bipartite 

X-s-e ircui t: this variable is true if every vertex in X is on a circuit of length s 

119 relations between invariants. There are two types of relations between invariants in called 
(absolute) invariant relations· which are sets of basic constraints and (conditional) invariant 
relations whicb are conditional constraints. The following are examples of these relations. The 
numbers in brackets means the bibliographic reference number of the paper where the relation 
is put into evidence: 

R67 1 alphaO alphal alpha2 . 

R1 hamiltanian ~ 1-cannected. 

R61 k-cannected and k 1 ~ (k-1) cannected. 

R55 k-cannected ~ mindegree 2k. 

R56 k-connected ~ mindepasitive k. 

R64 k-connected ~- minimum k. 

R37 minimum nodes/2 ~ 1-cannected [69] . 

R71 symmetric ~ alpha0=alpha1=alpha2 [51] . 

R58 k-cannected ~ nades k+1. 

R63 waodall nades ~ 1-cannected. 
R84 meyniel 2waodall. 

64 example of digraph Jamilies descriptions; each example is specified as a list of invariants 
values that the digraph or digraph family must satisfy. For example, we have: 

DlO lnteger invariants 
meyniel = 8 
mindegree 4 
minimum 2 
nodes = 5 
woadall = 4 

Boolean invariants 
hamiltonian false 
1-cannected = true 
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Commewt: This is ara instance of the family of symmetric bipartite complete graphs, with 
stabie components of _sizes differing by 1. They show that Thoorem 55 [lO, L 1.2], 56 
[lO, l. L3], and 57 [1 O, 1.1.4] are the best possible, since they are not Hamiltonian and 
mindegree = nodes - 1, meyniel = 2nodes - 2 and \'IOOdall = nades - 1. 

Notnce that the number ofthe theorems listed in brackets, where the example is best possibie is 
shown. Moroover, the bibliographical reference number ofthe paper, and the particular section 
where the example is used is also shown within the brackets. A semicolon separates different 
reference numbers. 

136 Theorems and open conjecrures, which are represented as conditional constraints; each 
theorem is specified as H => T, where H cmd Tare descriptions of digrnph families. T can also 
be a disjunction of digraph family' s descriptions. Sorne examples of theorems and conjectures 
are: 

56. Theorem [10,1.1.3;69]: 

woodall nades => hamiltonian. 
Best result: see Dl1 and DlO 

61. Thearem [47;73, 1.1.12]: 

k.-connected and (alpha2 af and k 2" (a+2) ! => hamiltonían. 

62. Conjecture [10,1.4.5;45]: 

antisymmetric and r-diregular and (r 3) and (nodes 4r+l) => 
hamiltanian 

THEAGORAEXPERmNCE 

The AGORA system [23] (see Figure 1) is constituted by two main components, the AGORA 
Interface System (AUI) and the AGORA Reasoning System (ARS). AUI captures the user 
inputs and adequately deliver them to ARS. AUI is constituted by four main modules: -
Conjecture Editór, - Conjecture Browser (CB), ;. Knowledge Base Browser (KBB) and -
Help System. (HS) The interface layer between both systems is constituted by two temporary 
text files, one for storing the conjecture in Prolog form, and the other for storing the results of 
the ARS evaluation. 

The Conjecture Editor (CE) is responsible for the AGORA main functionalities. Its graphical 
interface allows the user to enter a conjecture, expressed in LEC (Conjecture Specification 
Language) [19]; this expression is submitted toa semantic and syntactic analysis before being 
tnmslated into an interna! form, which is understood and evaluated by ARS. For example tb.e 
LEC expres-sion: 

woodall ¿ nodes :> hamiltonü:m-connected 

Representa conjecture written in LEC. A text file, produced as a result ofthe transiation ofthe 
conjecture in a PROLOG intemal form., is read by ARS to evaluate the conjeCl~re, under the 
responsibility of the Deductive Mechanism. The results of the evaluation are ston~d by the 
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Explanation module in another text file. This file is used by the Conjecture Editor for showing 
these results to the user. .Both temporary files maintain the independence of the reasoni:ng 
system from the graphical user interface. 

r------------------=----~----~-~-~---
1 

g·-·-Q-·-·-~-·-·-~-0-·-·-·-·-·-a 

~ Externa! form conjecture (LEC) 

' 
w-·-·-·-·-·-·-·-. 

.------"'----. i Interna! fonn ¡ 
CONJECTIJRE 

EDITOR 

CONJECTURE 
BROWSER 

! conj ecture 
! (PROLOG) , 

··-·-·-·-·-----·~ 

Unsuccessfui 

' ' ' ' ' ' ' 

~-------------~-------------------==' 

,~~----~------=---------------q 

r----~~--------1 

' . 
' ' ' 1 

' 1 

' ' 

DEDUCTIVE 
MECHANISM 

' ' 1 

' ' 1 

' ' ' ' 1 

' ' ' ' ' ' ' 1 

' ' ' ' ' ' ' ' ' 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 1 

------------~~~-------' 

' 1 

' ' 1 

' ' 

Temporary 
Results 

·------
' 1 

' ' • 

-----------~---'11 1 

'---------~~---0 

' ' ' ' 1 

' ' ' ' ' ' ' ' ' ' ' ' ' 
' 1 

' ' ' ' ' 1 
1 

' ' ' 

Theorems 
lnv. Rel. 
Digraphs 

1 

' • 
·' ' ' ' ' ' ~---~------~-----------e 

r----------------; 
' GRAPHLOG : 
~----------------J 

Figure 1. Arcbitecture of AGORA 

The CB is used to store and show the persistent information on conjectures and the results of 
the evaluation. Information such as date of evaluation, results and explanation, is registered for 
each conjecture. The browser can handle Proved, Refoted and Failed Conjectures through a 
powerful graphical interface 
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The KBB allows the AGORA Knowledge Base (AKB) ooiting. IOQltoo m ARS. Thmugh this 
browser, spec~alized imormation on thoorems, invariant rebtions and digrnpbs an be stored 
or retrieved. Records are used to represent AKB OOa. New AKB reoords can be added and 
existing ones can be modified or deleted. An AKB record ronUins the foUowing main fields: 
identifier, references, comments, text. Tbe idemmer is used to distinguisb each record. 
References are constituted by bibliographical info:rmation on thoorems and oonjoctures, and 
pictures of special digraphs, which are accessed throogh b~inb by the GRAPHWG 
external module [7]3. Comments are textual oomplementmy information that can be 
introduced by the user, such as a date or 'best resuh'. Tbe tm field oontains data on the 
theorem, invariant relation or digraph example. 1bis imormation is 'Written in LEC and, in 
case of modification, it is syntacticaHy and semamicaliy verifi.ed before being tnmslated to the 
PROLOG intemal form understood by ARS. 

The HS is a standard on-line help tool that can be ~sed from any ofthe AUI modules. 

FinaHy, the Inteiface Manager oontrols the main modules oftbe AGORA Interface System 

ARS is constituted by three modules: 

L The AKB [5] is used to structure and organize the imormation used by the AKB, which is 
partitioned into three interacting submodules Invariant Relatiom, Exampies and Thoorems. It 
contains: 

2. The deductive mechanism based on the Subsumption Algorithm [11]. 
It oonstitutes the ARS inference machine and acoomplishes the refutation and proof processes 
of the conjecture to be evaluated. For evaluation. pth¡;ose, ttlis mt%;hanism uses also the 
information present in AKB. 

3. The explanation subsystem. 
Once a conjecture is proved or refuted, explanati.ons are given to the user on .the evaluation 
process followed by ARS, justifying iogicaHy the ·sqlution obtained. The main feature of this 
module is to use the information produced by the deductive mechanism while proving or 
refuting a conj ecture, in order to oonstruct the explamtion. This inform.ation is stored in a 
temporary text file and is retrieved by the CE for displaying the expianation to the specialist. 

THE COLLABORATIVE AGORA 

One of the major drawbacks of the AGORA architecwre is dm it is monouser. The present 
technological advances of fast remote oommunication will be used in order to fadlitate the 
coilaborative work. COL-AGORA wiH present a dimlooted m:hnectme, with a client-server 
organization that will be running on heterogeneous platfurms, thus favoring the different 

3 This ~pan ofthe GReAt enviromnent (22], can nm .!illm•~ ~~ md Dplemmts ah~ 
librncy and 1!. digraph rubum, 00 gmph theocy speci.lilized mowl~. 
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research groups aH over the worid. ln order to guarantee platform ind~nce, the Java 
language [ 18] wiU be used to implement COL-AGORA. 

We requires that the different users ofthe system can work internctively, iMependently or in 
oooperation, ma.king use of local or remote resources, distri.buted on the ~ cooperating 
in the probiem soiution submitted to the system. So, a muitiagent system is pmposed, 
oomposed by human and artificial agents. From the computational point of view, artificial 
inteHigem: agents ( AIA) are introduced for assisting and coopeming with human agents in 
certain specialized tasks. 
The graph.ical user interface (GUI) wiU be based on HTML Web pages . .Java a.ppiets will be 
ret:rieved from Web serven; for satisfying the dient's requests and are responsible for the 
interaction. In this way, the system is independent form the platfonn. and can be widely 
distributed among th.e research groups working with different piatforms. 

Requiremen.ts for $1 Distributed Architedure 

The architecture.for (COL-AGORA) is shown in Figure 2. 

Figure 2. COL-AGORA archltecmre 

A user, wodcing on. a dient workstation on a local network, must oonnect toa bmwser and to 
the AGORA Web site through an Internet access. The frrst documents that are retrieved are 
HfML pages, which are interpreted, generating new requests ro the Web saver for retrieving 
the applets providing the system human-interaction (represented by sman gray squares on the 
client). The AGORA GUI must be interoperable, intuitive and easy to understand for 
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specialists in the domain, i.e. well adapted to the graphist problem solving tasks, facilitating 
also the administration ofthe user "prívate" knowledge base or conjecture box (CB). 

The applets will be used to initiate a session with the Conjecture Evaluation Server (CES) or 
with the users Conjecture Box Manager (CBM), which behaves according to a distributed 
object management scbema. CES receive a conjecture request from a remote user and submits 
it to the Reasoning Subsystem (RS), which consults the Initial Knowledge Base (IKB) and the 
remote users CBs. Moreover, CBM is used also to adminístrate the CBs. It is obvious that the 
object manager must provide synchronization capabilities. It may happen that a user, for 
example, is upd.ating its CB while others are evaluating conjectures on the same CB. The IKB 
manager (IKBM) is a Java application running on the COL-AGORA Web site. It allows a 
special user, the administrator, to maintain i.e. add, delete or change theorems, Boolean and 
integer invariants, invariants relations and digraph examples. No extemal users can access to 
IKB. Research groups have the right to modify only their prívate CBs, but they are not 
allowed to modify IKB. Nevertheless, IKB can be enriched by new knowledge. A researcher 
can send a message to the IKB administrator with the required modification, by e-mail for 
example; the administrator must submit the request to a specialist board, which is the only 
authority that can authorize the modification, after a careful study. After having received 
authorization, the administrator updates IKB. When IKB is being updated, a message is sent to 
inform the users that COL-AGORA cannot evaluate conjectures using IKB, and that only the 
prívate CBs can be used. 

Strategies should be supported to possibly reduce the time of the evaluation. A client should 
be able to select between evaluate a conjecture using only the IKB, or a combination with 
sorne or all the CBs, including its own. In this case, a mechanism should be provided to make 
visible the other CBs to the evaluator. Notice that in a collaborative environment, a group may 
require that the ,;sibility ofthe CB will be restricted only to thegroup. 

The agent based reasoning subsystem 

A multiagent approach will be used to model the reasoning system. An agent is an entity 
capable of perceiving (by sensors) and take actions (by efectors) towards the obtention of a 
predefined goal [26]. An agent behavior is based on its own experience and on the integrated 
knowledge used in constructing the agent for the environment in which it will operate. A 
system is considered autonomous in the measure that its behavior is defined by its own 
experience. An agent program is a function implementing the agents mapping from 
perceptions into actions. The system architecture allows the program to capture the 
perceptions obtairted by sensors, execute and provide the selected actions to the efectors in the 
measures· that they are being generated. Figure 3 shows the agent based reasoning subsystem. 
A client formulates a request for a conjecture evaluation. For each new request, different 
instances of the AlA using the IKB andlor the CBs are generated. Figure 3 shows an exampíe 
with one request, where four agents are generated, a coordinator and three subordinate agents. 
One of the subordinate agents is charged to work with the IKB, the other two are using the 
users private CBs. The coordinator gets the results obtained by its subordinates, organizes and 
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enroutes them to CES, which retmns them to the client, to satisfy the requests. CES creates 
also the AlA instances and distriootes the tasks. A broker or a mediator architectura1 pattern 
[ 4] can model the architecture for CES, for examp!e. 

COL~ AGORA wiil run on the dients asan Internet application, through a browser, displaying 
Web pages; applets w:iH be used within a Web page to answer the queries. The GUI 
architecture vviU be also based on a multiagent appmach. The agents will be interface agents 
that are "simple" AlA Since the Web serven~ are accessed direcdy while exeruting the 
applets, the GU1 archltecture cmmot be modeled with the PAC (Presentation - Abstraction -
Control) [1] muhiagent model approach, as was the case for the existing AGORA. PAC 
interface agents commurncate muy through their controls; so, a P AC interface agent could not 
access directly the Web server, in case of an applet execution [4]. We propose that the user 
interaction should be modeled instead MVC (Modei-View-ControUer) [12] interface agents 
with no commurucation constraints. The resuhing architecture wiH be more coup!ed, but it 'WiH 
gain in efficiency, benefiting from the direct commumcation schema with the Web server. An 
MVC agent could rnodel each COL-AGORA .. subsystem. For example, for the Conjecture 
Evaluation Subsystem we cmdd ha ve: -View-controller: the components displaying the 
conjecture representation in LEC- Model the intemal representation ofthe conjecture. 

<Cmij.<>et1ii.N fm!l~@If< IW~ n 9~-~ 1t 
-- -·-_u_ - ---·· ------ ···-·--u_ --··· -·-·· -- -

1 

1 

--------- ~~ -- ___________ w 

\··-··-··-··--·-··-··-··--·-··-··-··--·- ··- _j 

Figure 3. Example of a conjecture evaluation 
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CONCLUSION 

In tkis paper we have presented an architecture for the distributed COL~AGORA coliaborative 
tool, based on the monouser AGORA experience, to give support to the work of the scientific 
community in graph thoory, located aH over the world. COL-AGORA increases the AGORA 
facility, providing a distributed application with an easy to use and learn user interface 
conceived as a Web application. The benefits are multiple: a total independence from the 
platfonn, since any user can reach COL-AGORA from its Web browser, capable of applets 
execution. Moreover, the conjecture evaluation process is extended, since it uses the private 
CBs and it is not limited to IKB. 

On the other hand, the AJA's involved in RS must be predsed, srudying the tasks complexity 
that have to be distributed among different agents. Another aspect that must be taken into 
accmmt is the reuse of the AGORA RS, using a Prolog version Java compatible, as for 
examp!e: BinProlog4 . 
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