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Chapter 5 
Conclusions 

Conceptual graphs ally symbolic order-sorted reasoning with the visual under
standing of drawn information. The role of graphical items is twofold: (a) they 
compose networks that host pieces of knowledge; (b) they are also the fuel of 
reasoning methods. The main results we have achieved relate the diagrammatic 
framework to the well-established area of symbolic reasoning. In this context, 
conceptual graphs turn out to be related to current interests in fine-structure 
studies of the expressiveness/complexity balance. We have been able to occupy 
relevant positions in a landscape of fragments of known logical languages. 

We have also emphasised salient visual aspects of the diagrams. In our opin
ion, a better understanding of the computational power of visual items may call 
for escaping the shackles of the traditional symbolic computation theory. This 
chapter concludes with a brief discussion of some graphical factors that one would 
expect to play a significant role in more visually oriented computation models. 

In short. The main results that we have achieved can be summarised in: 
(i) a systematic exploration of conceptual graph languages 
(ii) an analysis of structural properties reappearing in several fragments 
(iii) the positioning of conceptual graphs in a landscape of standard logics 

More concretely, we can recall a few specific results. 

N e w horizons in poor fragments. Diverging from a classical trend in "pure 
logic" where the satisfiability problem has remained the predominant benchmark 
for judging a fragment, logics applied to computer science, knowledge represen
tation or natural language processing emphasise the practical computational fea
sibility of "poor languages". Applied logics also stress the importance of decision 
problems such as consequence, model checking or model comparison. When we 
step down from the pedestal of full first-order logic, other decision problems gain 
their independence from satisfiability and therefore, become a relevant source of 
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162 Chapter 5. Conclusions 

information: "saying less is often hearing more". Besides observing the separa
tions of decision problems, new collapses are appear as well. One such equiv
alence that we have met at the low level of existential conjunctive logic, the 
domain of simple conceptual graphs and cliques, concerned the relation between 
consequence, truth and model comparison: 

for two simple conceptual graphs G and H, 
G O H iff Minimal-Model^) |= H iff H projects onto Normal-form(G) 

This key equivalence of decision problems has pushed forward the simple graph 
fragment to a central position in the study. 

Mappings reign. The model-theoretic approach that we have proposed, re
veals that simple graphs enjoy a direct resemblance to the structures they repre
sent. Therefore, the meaning of a simple graph is conveyed by a structure pre
serving mapping. Furthermore, in the light of the previous equivalence between 
decision problems, this direct embedding semantics stands up as a guarantee for 
the adequacy of an embedding calculus, projection. 

The guarded safety belt . It is common knowledge that tree structures are a 
key for efficiency in computation. Tree properties of modal logics translate into 
guarded fragments of classical logic. By adapting the notion of guards to simple 
graph diagrams, we have brought to light a fragment in which subsumption can be 
decided in polynomial time. This guarded fragment of simple graphs includes all 
previously known tractable fragments of simple graphs. A notable characteristic 
of guarded graphs is that the traditional notion of tree, as non-cyclic paths of 
edges, has left the place for one where acyclicity concerns coreferences between 
atomic subgraphs. For this guarded fragment, we have proposed a polynomial 
time projection algorithm that builds a mapping by eliminating impossible local 
correspondences along a single run through the recursive structure of the source 
guarded graph. 

Extensions . While enriching simple graphs with additional logical connectors, 
we have kept in mind those properties that made us advocate for simple graphs: 
(i) neat semantics by direct embedding into resembling structures, (ii) the use of 
graphical calculi that take the best of the diagrammatic features in the represen
tations and (iii) the computational power of guards. In particular, the fragments 
of discriminated graphs with atomic negation and nested graphs can be embed
ded into the language of simple graphs. As a consequence, guarded restrictions of 
these languages enjoy a tractable consequence problem. Furthermore, the proof-
tree construction of tableau algorithms has been combined to projections in an 
analytical calculus for first-order logic conceptual graphs. 
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The connections that we settled between conceptual graphs and symbolic 
logics are bidirectional. We can learn from standard logic interesting properties 
of graph languages and adapt symbolic techniques to overcome the limitations of 
some pure graphical reasoning. Furthermore, links to symbolic logics allow new 
developments of conceptual graphs to be more systematic and understandable. 
Reciprocally, we can point out structural properties that naturally emerge from 
the diagrams and translate visual techniques into the symbolic world. 

Open questions. All the results that we have obtained suggest new questions. 
We raise a few of them that, in our opinion, could present some interest for the 
conceptual graph research agenda. 

• Mult i-projection. Projection that is based on a single homomorphism, is 
incomplete for the language of simple graph extended with atomic negation. 
However, could we define an efficient consequence algorithm with simulta
neous mappings to cope with the disguised disjunctions in the fragment? 
In other words, can we incorporate the branching idea of tableaux directly 
into the projection method? 

• N e w graph languages. In the line of this study, well-behaved modal and 
hybrid logics may remain an important source of inspiration to decidable 
conceptual graph languages. In particular, we may wonder which "modal 
negations" could elegantly fit the diagrammatic framework. 

There might also be relevant graphical applications of non-classical seman
tics such as linear logic that already uses diagrammatic proof-nets. 

• Graphical properties of guarded-FOL. Could a graph approach bring a 
novel view on the consequence problem in the full guarded fragment of FOL 
or in rich subfragments of it? Can the clique property of loosely guarded 
fragments be exploited from a purely graphical point of view? 

• Usable modal predicate logics. Tractable modal predicate logics may 
find direct applications to network technologies and partitioned knowledge 
bases. Can we expand the nested fragment presented in this work into new 
tractable areas? How far can we avoid well-known problems on cross world 
quantification? 

• Meta-guards. The tree property has occurred recurrently in this the
sis: under its most usual setting of acyclic paths of edges in a graph and 
later, in the acyclicity of coreferences between atomic subgraphs. It would 
be very interesting to lift again the observation view point and consider 
acyclic networks of (not necessarily atomic) subgraphs that are bound in 
size. Some recent developments on hypertree characterisations of conjunc
tive queries[GLS01] in database theory suggest that the projection method 
could preserve its polynomial complexity. 
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The general patterns behind significant complexity results are largely matters 
like: (a) guarded syntax, (b) the tree model property, and (c) embedding seman
tics. This outcome of our expressiveness/complexity analysis raises the question 
how such features relate to actual visual reasoning. The remainder of this chapter 
is a very brief discussion of the main points as we see them. 

But once again, why are drawings efficient? With no adapted tools at 
hand (i.e., the lack of a geometrical computation model of equal standing to 
Turing machines), we cannot provide a definitive answer. However, in the light of 
our gathered experience on drawings, we can briefly discuss the potential relevance 
of two graphical factors that one would expect to play a significant role in more 
visually oriented computation models. 

• Direct mapping to reality. It is generally acknowledged that a large part 
of the cognitive efficiency of drawings resides in their faithfulness to what 
they represent. 

In the specific case of conceptual graphs, the resemblance of pictures to their 
model has recurrently emerged. In an obvious way, this property eases the 
interpretation process by providing a direct match between the intuitive 
meaning and the formal one. For example, a path is a self-speaking connec
tion between items. Nesting conveys the pictorial message of a delimited 
zone reachable from another one; formally, world accessibility. Further
more, we have related this close resemblance between representation and 
represented to a collapse of distinct decision problems. 

We should note that there is a preliminary condition for a drawing to convey 
the intended intuitive meaning. If complexity studies often try to be as neu
tral as possible with respect to the layout of information1, the disposition of 
graphical items in a drawing is crucial. Clarity is not a property of drawings 
in general, but only of "good" ones. A good drawing must mirror the infor
mation it represents. Drawing writers have to respect some Gricean max
ims of quantity in order to convey an informative message. Such maxims 
are proposed by Oberlander [Obe96] in the framework of computer-assisted 
design in electronics or by Tufte in his compendium of graphics [Tuf83]. 
Closer to our concept languages, automatised tools have been developed for 
drawing "readable" lattices of concepts in formal concept analysis; see e.g., 
[WÎ189]. It seems difficult to define quality guidelines that would embrace 
all kinds of graphics. However, this is possible in specific domains such as 

We have seen that the layout can also be relevant to classical complexity measures, witness 
the case of a structure which is expanded with a universal relation while preserving a tolerable 
size: only the tuples of objects that are not in relation with each other are encoded. Metaphor
ically, we can imagine this situation as if the negative of a photo would be lighter to carry than 
the usual positive printing, but just as informative. 
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the conceptual graph framework. For example, it is often taken for granted 
that branches of a tree should not cross each other and that an orientation 
is chosen in the two-dimensional plane from the root to the leaves. Com
plete graphs (cliques) are almost always represented with a regular placing 
of the nodes on a cycle. Lattice drawings enjoy symmetrical patterns. 

With its linear disposition of information, the tape of a Turing machine 
cannot faithfully capture simple geometrical features such as a branching 
or a cycle. Hence, following a cyclic path on any linear representation of 
a graph would appear to cost more efforts than shifting a pencil along the 
same path in a two-dimensional drawing of the structure. 

So, if one admits "good drawing norms" as part of a graphical syntax, the 
faithfulness of drawings is efficiently exploited by the human vision to anchor 
recognised geometrical constraints in a representation to similar constraints 
in the represented situation. On the contrary, linear representation systems 
will not grant the easiness of recognising some geometrical patterns. 

Gestalt view. The human ability of recognising shapes and mapping them 
on each other is striking. One can argue that it is the fruit of a continuous 
training starting in early childhood when we are asked to learn concepts on 
images, assemble similar representations or picture reality. 

The perception of forms on different levels of "shallowness"2 in a represen
tation has also been salient in guarded and nested drawings. By making 
abstraction of some "details", we have been able to extract spinal structures 
that were essential to the efficiency of computing the reasoning. 

The possibility of perceiving irregularities in a gestalt view of a drawing 
enables to recognise regular patterns such as trees or cliques. Acyclicity 
seems to be verifiable at first sight (provided the respect of norms discussed 
previously): by bringing an irregularity in the picture, the intersection of 
two branches must disfigure the general form so much that it captures the 
attention in an overview examination. Trees are not only easy to be recog
nised; they appear to facilitate form matching. The mapping of a tree 
on another graph is guided by the direction chosen in the representation. 
This suggests the one round elimination process that has been adopted for 
guarded projection. 

Based on our conventional representation of cliques (i.e., with a regular 
cyclic disposition of nodes), the verification that a given graph is really 
complete also seem to be an instantaneous process of finding if any irregu
larity attracts the attention. This does not mean that the clique problem 

2From a symbolic perspective, recognising and formally applying levels of under-
specification in computational linguistics is a goal of the project Computing with meaning; 
see http://turing.wins.uva.nl/ mdr/Projects/CoMe/index.html 

http://turing.wins.uva.nl/
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(i.e., finding a clique of a given size in a graph) should be easier when ma
nipulating pictures, but more that by visualising an almost complete graph, 
we obtain "for free" its complementary; "the photo and its negative"3. 

To take a final concrete example, the perception of global shapes and irreg
ularities also forms the foundation of a well spread technique of tendency 
analysis on stock-exchange graphics. We note that these graphics are only 
converted to matrices of numbers to serve as representation for computer 
treatment; People seem to extract/perceive a more easily usable information 
from reading the drawings. 

The gestalt view on drawings seems to offer the possibility of immediately 
separating distinct levels of information and capturing salient irregularities. 
On the contrary, extracting similar information from "equivalent" linear 
representation often necessitates a more costly systematic analysis of the 
data. 

The upshot of our discussion is that there are further features of visual reason
ing not captured by our conservative approach. But we also see this as a worth. 
The symbolic approach in the preceding chapters allows us to see more clearly 
what is genuinely visual and what isn't. 

Brief summary. Visual reasoning is a key area of current interest where a lot 
of disciplines meet: philosophy, computer science, logic, linguistics. Conceptual 
graphs live at the interface of many of these. In this study we have investigated 
them in parallel with classical perspectives from logic, language and computation, 
exploiting analogies wherever possible. One general advantage of this cautious 
approach is a certain discipline of thinking in an area which is sometimes dom
inated by appealing metaphors. Nevertheless, there also remains an empirical 
cognitive science dimension to the workings of visual patterns, which transcends 
what can be gotten from Turing machines and language fragments and therefore, 
this thesis is not the last word on pictures... 

In a symbolic representation, we can also minimally encode the graph as the set of pairs of 
points that are not connected, but in the picture we do not need to "cheat" on the input. 


