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1 Introduction

This report was collaboratively authored by the participants of the project Griwes that aims to design a generic platform for graph-based knowledge representation and reasoning. We are interested in multiple languages of representation, such as conceptual graphs, RDF/S, and in various extensions of these languages. To abstract and factorize primitives and mechanisms common to these various languages will allow the simultaneous development of extensions for all the languages defined on these core abstractions; rather than to develop transformations from one language to another, one will thus be interested in a generic language core. An important challenge here is not to sacrifice the algorithmic efficiency to generic designs. 
2 Motivating scenarios
//TODO: Alain Giboin to review and critic the scenarios

2.1 Scenario: "Stephan implements algorithms to query audio-visual contents"
Context: “Stephan works for INA in a project for the valorisation of audio-visual contents. Stephan wishes to contribute to the design of a system supporting multimedia hypermedia publication.”

Actor: “Stephan has designed a knowledge-based system containing and is a software engineer”

Goal: “Stephan wishes to implement algorithms to query and reason on the annotations of these audio-visual contents.”

Activities before the Griwes platform: “Stephan chooses an existing platform the closest possible to the expressivity he needs. If the expressivity suddenly changes during the project or if no platform corresponds exactly, Stephan has to make ad hoc extensions.”

Activities after the Griwes platform: “Stephan chooses the language module nearest to his needs. By building on more abstract modules he can re-use modules for his developments and extensions, and add his own extensions at the most adequate level of abstraction, making them thus available for other users of the platform.”
2.2 Scenario: "Karine wishes to design the interface to edit annotations"
Context: “Karine works for INA in a project for the valorisation of audio-visual contents. Karine wishes to contribute to the design of a system supporting multimedia hypermedia publication."

Actor: “Karine is in the team designing a knowledge-based system and is an HCI specialist.”
Goal: “Karine wishes to design the interface to edit the annotations of the multimedia resources.”

Activities before the Griwes platform: “Karine makes a paper mock-up of the interface which will be the base for specifications given to the software engineers. She also makes models by modifying codes samples.”
Activities after the Griwes platform: “She uses an editor of annotation patterns to create an interface and specify the annotations it generates. She can then test this interface on a base of annotations.”
2.3 Scenario: "Bruno wants to model knowledge captured about multimedia resources"

Context: "Bruno works for INA in a project for the valorisation of audio-visual contents. wishes to contribute to the design of a system supporting multimedia hypermedia publication.”

Actor: “Bruno is a knowledge engineer and ontologist and has no special wishes as for the languages of representation.”

Goal: “Bruno wants to model knowledge captured about the multimedia resources and validate it. He wants to represent ontologies and annotations patterns for the audio-visual contents.”

Activities before the Griwes platform: “Bruno has to use the editor included in the platform chosen for the project.”

Activities after the Griwes platform: “Bruno uses are an editor and exports towards one of the languages of the platform or requests it to be connected directly to the API of the platform. He interacts with the platform to initiate tests and validations at various stages of modelling.”

2.4 Scenario: "Oliver wants to test and use a new algorithm for graph comparison"

Context: “Oliver is member of a research group interested in algorithms for graph-based reasoning and he is involved in the open-source community of the platform.”

Actor: “Oliver is a researcher and has a preference for solutions relying on open-source software and standards.” 

Goal: “To test and use a new algorithm for graph comparison based on ontological distances”

Activities before the Griwes platform: “Oliver develops a platform within his team. He is the only one to know the details of its implementation and he alone integrates algorithms with the other components of his platform.”

Activities after the Griwes platform: “Oliver integrates his algorithm into the open architecture of the platform. By doing so he benefits in his developments from the extensions made by other contributors and uses the community as testers of his new algorithm.”

2.5 Scenario: "Maria-Laura wants to implement some operations on MindMaps"

Context: “Maria-Laura is the director of a research team working on graph-based knowledge representations and she is involved in the open-source community of the platform.”

Actor: “Maria-Laura is a senior researcher in computer science and is interested in the use the MindMap representations.” 
Goal: “Implement some operations on MindMaps by re-using functionalities of the platform” 
Activities before the Griwes platform: “Maria-Laura specifies and designs a translator towards the graph language of her team. The extensions and implementations remain directly related to their internal tools.”

Activities after the Griwes platform: “Maria-Laura specifies the representation of MindMap by reusing graph modules of the platform. The extensions are made above or within these modules and become reusable for other languages or applications.”

2.6 Scenario: "Martin wishes to access IMDB according to a new schema"

Context: Martin wishes to combine his interest for the cinema and his interest for information integration by pulling data from the web about movies.

Actor: Martin is a computer scientist interested in data integration and mash-ups
Goal: Martin wishes to re-encode IMDB (Internet Database Movie) according to a new schema, and wishes to offer an interface allowing the update of this new base in a user-friendly way. 

Activities before the platform: Martin hacks a script to scrap IMDB and produce graphs in his language.
Activities after the platform: Martin graphically publishes a pattern graph which covers IMDB cards, and binds this pattern to the IMDB Web pages developing a scraper for this pattern. The transformations and improvements of the pattern can be done relying on the modules of the platform. Graphic interfaces can then be reused on the graph or designed for specific tasks.

2.7 Scenario: "Friedrich needs large real-world bases to test his algorithms"

Context: Friedrich is interested in graph homomorphisms and their optimization. 

Actor: Friedrich is a researcher in combinative optimization with a mathematician background.
Goal: Friedrich needs large real-world bases of annotations to test his algorithms.
Activities before the platform: Friedrich uses toys examples then generated random bases to test on large bases or works on the few bases he has in his language.

Activities after the platform: Friedrich can reuse all the bases that can be loaded by the platform in different languages and the scrappers that exit to generate bases from legacy resources.
2.8 Scenario: "Hector wishes to test his new language GC-N4"

Context: Hector is interested in a new semantics for embedded conceptual graphs, and thus creates a new language, GC-N4, which uses 4 contextual fields in the vertices.

Actor: Hector is a researcher interested by the specification of new languages of representation of knowledge.
Goal: Hector wishes to be able to test GC-N4 (to create, visualize the graphs, and to test inference mechanisms) and to have a software prototype.

Activities before the platform: Hector publishes the specifications of his language and some interesting fundamental results, and waits until somebody with software development skills implements his language or hacks an ad hoc implementation just for testing purposes.

Activities after the platform: Hector describes the syntax of his language by writing a subclass of conceptual graphs having 4 fields of the type GC-N4 in the vertices. He specializes the projection algorithm to handle additional fields. He can now benefit from all the functionalities by of the platform: interchange format, a graphic editor, the possibility of querying distributed bases, rules, etc.
Comments on this section: the requirements in terms of owners (owners of annotation and owners of requests) were not mentioned while they are very important.
Scenarios need to be reviewed and selected w.r.t the objective of the platform.
3 Overview of the framework
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Figure 1. Overview of the architecture layers
The current vision of the framework distinguishes three layers of abstraction and one transversal component for interaction:
· Structure layer: this layer gathers and defines the basic mathematical structures (e.g. oriented acyclic labelled graph) that are used to characterize the primitives for knowledge representation (e.g. type hierarchy)
· Knowledge layer: this layer factorizes recurrent knowledge representation primitives (e.g. a rule) that can be shared across specific knowledge representation languages (e.g. RDF/S, Conceptual Graphs).
· Language & Strategy: this layer gathers definitions specific to languages (e.g. RDF triple) and strategies that can be applied to these languages (e.g. validation, completion)
· Interaction interfaces: this transversal component gathers events (e.g. additional knowledge needed) and reporting capabilities (e.g. validity warning) needed to synchronize conceptual representations and interface representations.
4 Graph model and central representation
Basic mathematical definitions are given here for the primitives of our graph-based representation language.
4.1 Entity-Relation graphs (ERGraphs)
Our core representation primitive is intended to describe a set of entities and relationships between these entities; it is called an Entity-Relation graph (in short ERGraph). An entity is anything that can be the topic of a conceptual representation. A relationship, or simply relation, might represent a property of an entity or might relate two or more entities. 

The relations can have any number of arguments including zero and these arguments are totally ordered. In graph theoretical terms, an ERGraph is an oriented hypergraph, where nodes represent the entities and hyperarcs represent the relations on these entities. However, a hypergraph has a natural graph representation associated with it: a bipartite graph, with two kinds of nodes respectively representing entities and relations, and edges linking a relation node to the entity nodes arguments of the relation; the edges incident to a relation node are totally ordered according to the order on the arguments in the relation. This representation is especially useful in drawings because the graph representation is more readable than the hypergraph representation. To summarize, the mathematical structure underlying an ERGraph is a hypergraph but we can see it as a bipartite graph, and, depending on the purpose (algorithm or drawing for instance) we shall use one representation or the other. 


[image: image4]
Figure 2. Bipartite view of an ERGraph G
The nodes (Entities) and hyperarcs (Relations) in an ERGraph have labels. At the structure level, they are just elements of a set L that can be defined in intension or in extension. Labels obtain a meaning at the knowledge level. 

Definition of an ERGraph: An ERGraph relative to a set of labels L is a 4-tuple G=(EG, RG, nG, lG) where

· EG and RG are two disjoint finite sets respectively, of nodes called entities and of hyperarcs called relations.

· nG : RG  EG* associates to each relation a finite tuple of entities called the arguments of the relation. If nG(r)=(e1,...,ek) we note nGi(r)=ei the ith argument of r.

· lG : EG  RG  L is a labelling function of entities and relations.

when the name of the considered ERGraph (here G) is obvious, we may omit the index.

By selecting entities and/or relations in a graph, one can define a new graph. Intuitively, a SubERGraph of an ERGraph G is obtained by restricting the set of its entities while a partial ERGraph is obtained by restricting its set of relations. Formally:

Definition of an induced SubERGraph: Let G=(EG, RG, nG, lG) be an ERGRaph. Let EG' be a subset of EG. The SubERGraph of G induced by EG' is the ERGraph G'=(EG', RG', nG', lG') defined by

4 RG'= { r  RG   1icard(nG(r)) , nGi(r)  EG' }

5 nG' is the restriction of  nG  to RG'

6 lG' is the restriction of  lG  to EG'  RG'

Figure 3 shows the SubERGraph of ERGraph G of ‎Figure 2 induced by a set of edges where edge e4 has been removed. Relations r1, r3 and r4 do not belong to it since one of their arguments in G is e4.


[image: image5]
Figure 3. SubERGraph of G induced by {e1, e2, e3, e5 , e6 , e7} = EG \{e4}

Definition of an induced partial ERGraph: Let G=(EG, RG, nG, lG) be an ERGRaph. Let RG' be a subset of RG. The partial ERGraph of G induced by RG' is the ERGraph G'=(EG', RG', nG', lG') defined by

1. EG'= EG

2. nG' is the restriction of  nG  to RG'

3. lG' is the restriction of  lG  to EG'  RG'

‎Figure 4 shows the partial ERGraph of ERGraph G of ‎Figure 2 induced by a set of relations where edges r3 and r5 has been removed.
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Figure 4. Partial ERGraph of G induced by {r1, r2, r4} = RG \{r3, r5}
Definition of an induced partial SubERGraph: Let G=(EG, RG, nG, lG) be an ERGRaph. Let EG' be a subset of EG and RG' be a subset of RG. The partial SubERGraph of G induced by EG' and RG' is the SubERGraph induced by EG' of the partial ERGraph of G induced by RG'.

‎Figure 5 shows the partial SubERGraph of ERGraph G of ‎Figure 2 induced by a set of edges where edge e4 has been removed and a set of relations where edges r3 and r5 has been removed. Relations r3 and r5 are removed when constructing the partial ERGraph of G; relations r1 and r4 are removed by constructing the SubERGraph.


[image: image7]
Figure 5. Partial ERGraph of G induced by EG \{e4} and RG \{r3, r5}
In some knowledge representation primitives and some algorithms it will .be usefull to distinguish some entities of a graph. For this purpose we define a second core primitive, called ERGraph.
Definition of a -ERGraph: A -ERGraph G is a couple of an ERGraph G and a tuple of entities of G. G = ((e1,…ek), G), ei EG. We say that k is the size of G and that (e1,…ek) are distinguished.
Note: possible extensions: a tuple of entities and a tuple of relations or a tuple of entities and relations ; to use variables on relations.
Merge:  let G=((g1,…gk), G') et H=((h1,…hk), H') two -ERGraphs of same size, the merge of H in G modifies G' by adding a copy C(H') of H' to G' and then for 1≤i≤k by merging the entities C(hi) and gi. Note: the labels of the merged entities are obtained applying a method defined at higher levels.

Relations involving the same arguments are interesting in some processes. For this purpose we define the notion of twin relations.

Definition of twin relations: Let G=(EG, RG, nG, lG) be an ERGraph. Two relations r and r' of G are said to be twins iff nG(r)= nG(r') . We also note twins(r)={r'  RG  nG(r)= nG(r')}. 

Definition of twin<X> relations: Let G=(EG, RG, nG, lG) be an ERGraph. Let X be a binary relations over L. Two relations r and r' of G are said to be twinsX iff nG(r)= nG(r') and (lG(r), lG(r'))  R. We also note twins<X>(r)={r'  twins(r) (lG(r), lG(r'))  X }. 

Let us note that when X is an equivalence relation then twins identify redundant relations.
4.2 Mappings
Intuitively, a Mapping associates entities of a query ERGraph to entities of a base of ERGraphs. Mapping entities of graphs is a fundamental operation for comparing and reasoning with ERGraphs. It is a basic operation used in many more complex operations e.g., rules. In general we use specific mappings that preserve some chosen characteristics of the graphs (e.g., compatibility of labels, structural information etc.).

Definition of an EMapping: Let G and H be two ERGraphs, an EMapping from H to G is a partial function M from EH to EG i.e. a binary relation that associates each element of EH with at most one element of EG ; not every element of EH has to be associated with an element of EG.

Let us note that by default an EMapping is partial. This enables us to manipulate and reason on EMappings during the process of mapping graphs. When this process is finished, the EMapping – if any – is said total: all the entities of the query graph H are mapped.

Definition of a total EMapping: Let G and H be two ERGraphs, an EMapping from H to G is total iff M-1(EG)=EH.

Since in the general case an EMapping is partial, injectivity is characterized on the subset of the entities of the query graph H which are (currently) mapped. For the same reason, surjectivity is characterized by comparing the number of entities of G (currently) not mapped and the number of entities of H (currently) not mapped: there must be enough entities of H not already mapped so that, at the end of the mapping process (when the EMapping – if any – will be total), any entity of G is mapped with at least one distinct entity of H.

Definition of injective, surjective and bijective EMapping (partial or total): Let G and H be two ERGraphs, an EMapping from H to G is said to be:

· injective iff e1,e2  M-1(EG) e1e2  M(e1)M(e2)
 ; card(EH) ≤ card(EG)
· surjective 
iff card(EG) - card(M(M-1(EG))) ≤ card(EH \ M-1(EG)) (when the mapping is total, this is equivalent to M(EH)= EG 
)

· bijective iff it is injective and surjective

For instance let us consider the ERGraphs H and G of ‎Figure 6 and a partial EMapping M associating e1 to e1’, e2 to e2’ and e3 to e3’. M is obviously bijective. Let us now consider the extension M’ of M to {e1, e2, e3, e4} which associates e4 to e1’; it is not injectif any more, but still surjectif. Finally, let us consider the total EMapping M’’ extending M’ by associating e5 to e2’; it is not surjectif any more (nor injective).


[image: image8]
Figure 6. A bijective partial EMapping from H to G
Property: There exists a total bijective EMapping from an ERGraph G to an ERGraph H iff H and G have the same number of entities. 

4.2.1 Categorization of EMappings

In the following we further characterize the notion of EMapping by defining ERMappings constraining the structure of the graphs being mapped and EMapping<X> constraining the labelling of entities in the graphs being mapped.

Definition of an ERMapping: Let G and H be two ERGraphs, an ERMapping from H to G is an EMapping M from H to G such that

1. Let H' be the SubERGraph of H induced by M-1(EG)

2. r'RH' r RG such that 

a. card(nH'(r'))= card(nG(r))

b.  1icard(nG(r)), M(nH' i(r'))= nG i(r)

we call r a support of r' in M and note rM(r')

For instance, the partial EMapping M represented in ‎Figure 6 is not an ERMapping, since card(nG(r1')) = 2 and card(nH(r1))  = 3.
Definition of a Homomorphism: Let G and H be two ERGraphs, a Homomorphism from H to G is a total ERMapping from H to G.

For instance let us consider the ERGraphs H and G of ‎Figure 6 and the EMapping M associating e1 to e1’, e2 to e2’, e3 to e3’ and e3 to e3’. M is a homomorphism: it is total since all the entities of H are mapped; it is an ERGraph since r1’M(r1) and r2’M(r2).


[image: image9]
Figure 7. A non faithful Homomorphism from H to G

[image: image10]
Figure 8. A faithful Homomorphism from H to G
Definition of a Faithful ERMapping: Let G and H be two ERGraphs and M an ERMapping from H to G. Let H' and G' be the two SubERGraphs of respectively H and G induced respectively by M-1(EG) and M(M-1(EG)). M is faithful iff there exists a bijection f: RH' RG' such thatr RH'  f(r) M(r).

Intuitively, an ERMapping is faithful iff any two entities of H which are not related by any relation in H are mapped to entities of G which are not related to any relation in G. Since in the general case en ERMapping is partial, the characterization of faithfulness is achieved with regards to the set of entities of the query graph H (currently) mapped.

For instance the Homomorphism represented in ‎Figure 7 is not faithful since two relations r1’ and r4’ holds in G between e1’ and e2’ which are mapped to e1 and e2 which are related by only one relation in G – r1.
Definition of an Isomorphism: Let G and H be two ERGraphs, a Homomorphism from H to G is an isomorphism iff it is both bijective and faithful.

Definition of an EMapping<X>: Let G and H be two ERGraphs, and X be a binary relation over LL. An EMapping<X> from H to G is an EMapping M from H to G such that e M-1(EG), (lG(M(e)), lH(e)) X.

By combining structural constraints and constraints on labelling, we now define the notion of ERMapping<X>. In the special (but usual) case where X is a preorder over L, the mapping defines the well-known notion of Projection:

Definition of an ERMapping<X>: Let G and H be two ERGraphs, and X be a binary relation over LL. An ERMapping<X> M from H to G is both an EMapping<X> from H to G and an ERMapping from H to G such that

· Let H' be the SubERGraph of H induced by M-1(EG)

· r'RH'  rM(r') such that (lG(r), lH(r')) X.

we call r a support<X> of r' in M and note rM<X>(r')

Definition of a Homomorphism<X>: Let G and H be two ERGraphs, a Homomorphism<x> from H to G is a total ERMapping<X> from H to G where X is a preorder over L.

A Homomorphism<x> is also called a Projection.

Definition of an Ident-Isomorphism: Let G and H be two ERGraphs, a Homomorphism<x> M from H to G is an Ident-Isomorphism iff X is the identity relation and M is an isomorphism.

Definition of an Equiv-Isomorphism: Let G and H be two ERGraphs, a Homomorphism<x> M from H to G is an Equiv-Isomorphism iff X is an equivalence relation and M is an isomorphism.

Figure 8 below sums up the hierarchy of EMapping classes defined in this section.

[image: image11]
Figure 9. Hierarchy of EMappings

Property: Identity is a Homomorphism<X> (and by consequence a Homomorphism) from any ERGraph into itself, for any preorder X over L.

Property: Let X be a preorder over L. The composition of two Homomorphism<X> is a Homomorphism<X> 

Corollary: Let X be a preorder over L. The relation Hom<x> defined by (G,H)  Hom<x> iff there is a Homomorphism<x> from H to G, is a preorder over the set G of all ERGraphs.

4.2.2 Proofs of Mappings

We define the proof of a mapping as a kind of "reification" of the mapping; a proof provides a static view over the dynamic operation of mapping, enabling thus to access information relative to the state of the mapping. Formally the proof of a mapping is the set(s) of associations detailing the exact association from each entity and relation of the query graph H to entities and relations of G.

We follow the hierarchy of mapping defined in the previous section and define bellow the notion of EProof, ERProof, EProof<X> and ERProof<X>.
Definition of an EProof: Let G and H be two ERGraphs, and M an EMapping from H to G. The EProof of M is a set ME = { (eH,eG)  EHEG | eG=M(eH) }.

Definition of an ERProof: Let G and H be two ERGraphs, and M an EMapping from H to G. Let H' be the SubERGraph of H induced by M-1(EG). An ERProof of M is a couple P=(ME,MR) where ME is the EProof of M and MR= {(r1,r'1),… (rk,r'k)} with {r1,…,rk}=RH' and 1ik  r'iM(ri).
Definition of an EProof<X>: Let G and H be two ERGraphs, and M an EMapping<X> from H to G. An EProof<X> of M is a set MEX= {(e1,e'1,p1)… (ek,e'k,pK)} where {(e1,e'1)… (ek,e'k,)} is the EProof of M and 1ik  pi is a proof of (lG(M(e)), lH(e)) X.

At this point we make no assumptions on the structure of pi and the means to obtain it.

Definition of an ERProof<X>: Let G and H be two ERGraphs, and M an EMapping from H to G. An ERProof of M is a couple P=(MEX,MRX) where MEX is the EProof<X> of M and MRX= {(r1,r'1,p1)… (rk,r'k,pK)} where {(r1,r'1)… (rk,r'k,)} is the second element of an ERProof of M and 1ik pi is a proof of (lG(M(r)), lH(r)) X.
4.3 Constraints
4.3.1 Integrating constraints and EMappings

Definition of an EMapping constraint system: An EMapping constraint system for an EMapping M from H to G is a function C(E) where E is the triple H,P,V called the environment with P the proof of M and V a binary relation associating to variables vi a unique entity or relation of H. This function can evaluate to {true, false, unknown, error}.
Definition: An EMapping M satisfies a constraint system C if C(M)=true.
Definition: An EMapping M violates a constraint system C if C(M)=false.
Definition: An EMapping constraint system C  is false-monotonous iff for M' a partial EMapping included in M, C(M')=false implies C(M)=false.  
4.3.2 Expressing constraints

An EMapping constraint system is a function C(E) from the set of all EMappings to {true, false, unknown, error} that sets the condition that an EMapping must satisfy in order to be correct.

It takes the form of an evaluable expression which must evaluate to true for an EMapping to satisfy the constraint system. The root expression of the constraint system is an expression taking its values in {true, false, unknown, error} and recursively defined with:

· operators (=, !=, >=, ...)

· boolean operators (and, or, not) 

· functions ( f(vi) ) 

· arguments that may be constants, variables vi declared in the environment E or expressions. 

Example of expression where variables are vi declared in the environment E:
(etiq(im(v1)) > ?value) && (etiq(im(v2)) <= '2007-07-07'^^xsd:date)

Below is an example of a core abstract syntax of constraint expressions:

CONST ::= EXP ;

EXP ::= CST | VAR | TERM ;

TERM ::= OPER '(' EXP* ')' ;

Constraint evaluation can be done by a generic recursive eval method defined on expressions (CST, VAR, TERM). The eval method takes as argument the environment E of the considered mapping.  The eval method is recursively defined on expressions as follows:

· CST : returns the constant

· VAR : returns the image according to the proof P of the environment, of the entity or relation associated to VAR by V in the environment V(vi)
· TERM: applies the operator on the result of the evaluation of the arguments and returns the result.

In addition it handles cases where values are unknown or the evaluation generates errors. 

Note that this definition enables to compute constraints on partial mappings during graph match. Hence, it enables to withdraw partial matches and to backtrack during graph homomorphism.

NB: three possible contexts of evaluation (1) the one on current proof (2) return a calculated value (3) the use with graph index to optimise access

4.4 Index and filters

Indexes are companion structures of graphs that provide classified listing of the components of a graph to support efficient access mechanisms.

Indexes are built on a knowledge base.

Indexes provide a get method to enumerate sub-graphs that complies with different sub-cases of considering an environment (possibly empty) and a query. In particular the query can be reduced to:

- a relation, a constraint system (possibly empty)

- a relation type; two cases: only the given type or also the sub-types of the relation

- no constraint at all: the index lists all the candidates;

The result returned by an index must comply with:
- the partial mapping of the proof given in the environment,

- the constraint system evaluated against the environment;

An index should facilitate the direct access to relations given their labels and/or given one (or several) of their arguments. More precisely, an index should be able to return candidate relations given a query relation and a partial mapping. A smart index may also take constraints into account to select appropriate candidate relations that match a given constraint.
Filters offer a generic mechanism to select and access components of a graph.

Index offer a generic access to heterogeneous generators of relations.

Comments on this section:
This version of the document contains only a first version of (-ERGraph we will add other specified definitions later
In the ERMapping, we need to generalize the constraint on arity and matching e.g., different arity or different order.

Proofs do not consider the case of faithfulness
we have to check relation between total and surjective.

We must review this part considering OPTIONAL & NOT BOUND, UNION
Check that the following problems are addressed in new constraints: similarity which needs to access structure to calculate its value, distinct ?x ?y ,  FILTER (count (?doc) > 5)  which happens only at the end of all projections,  variables on properties; we need the labels of the relations too.
Consider the environment of evaluation; represent the tree of exploration; consider errors, exceptions, union, optional, unbound, ordering of triples, etc.

Index and paginated list of candidates

Indexes may also provide statistic information on the base e.g., number of entities of a given type, number of relations of a given types, etc.
5 Knowledge representation layer
Definition of a Knowledge Base: A knowledge base B is defined by a vocabulary, one or several bases of facts, optionally a base of rules and a base of queries. B= (Vocabulary, Fact Base +, Rule Base*, Query Base*).
A vocabulary is a set of non necessarily disjoint named sets of elements (symbols, terms, signs, etc.) called vocabulary sub-sets and preorders on the union of these sets:
Definition of a Vocabulary: A Vocabulary V is a tuple 
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 where Vi are sets of elements and i are preorders on U.

Definition of a Fact: A Fact is an ERGraph.

Definition of a Base of Facts: A Base of Facts is a set of Facts.

Let us note that every ERGraph G in a base of facts respects lG : EG  RG  L where L is constructed from the set U of elements of the vocabulary of the knowledge base.
Definition of a Query: A Query is a couple Q=(q, C) of a -ERGraph q=((e1,…ek), G) and a Constraint system C.

X-Answer to a Query: let Q=(((e1,…ek), G), C) query, F a Fact. A=(a1,…ak) is an X-Answer to Q in F iff there exists an EMapping M of type X from G to F satisfying C  such that M(ei)=ai .
Note:  the proof of an X-Answer is the proof of the EMapping associated to that X-Answer.

Definition of a Base of Queries: A Base of Queries is a set of Queries.

Definition of a Rule: A Rule is a couple R=(H,C) of a Query H=(G, C) and a -ERGraph C of the same size as G.

X-applicable Rule: a rule R=(H,C) is X-applicable to a fact F iff there exists an X-Answer to H in F.

X-applying a Rule: let R=(H,C) be a rule X-applicable to a fact F, and A be an X-Answer to H in F. The X-Application of R on F with respect to A merges C in (A,F).
Definition of a Base of Rules: A Base of Rules is a set of Rules.
Definition of an ERFunction: an ERFunction F is a function associating to an EProof P (NB: and an environment E?) a label or an error.
Definition: a functional ERGraph is an ERGraph where some entities or relations are labelled with ERFunctions.

Definition: the evaluation of a functional ERGraph G with respect to an EProof P is a copy G' of G where every functional label is replaced by the evaluation of the function against P (NB: and an environment E?). If any of the evaluations returns an error then G'=(.
Definition of a Functional Rule: A functional rule is a rule R=(H,C) where C is a lambda functional ERGraph.

X-applying a Functional Rule: let R=(H,C) be a functional rule X-applicable to a fact F, and A be an X-Answer to H in F and P be a proof of that X-Answer. The X-functional-Application of R on F with respect to P merges the evaluation of C with respect to P in (A,F).
Definition of co-reference: an equivalence relation over EG the normal form of G.
Definition of a Normal Form: let G be an ERGraph with a co-reference relation R and a function fusion(E1,E2,…, En) that returns an new entity from a set of entities, the normal form of G is the graph NF(G) obtained by merging every entities of a same equivalence class defined by R as a new entity calculated by calling fusion on the entities of this class.
Co-reference and fusion are specified at the language level.
Comments on this section:
Constructing L from U should be discussed.
An element should be able to answer whether or not it is in a vocabulary sub-set.

Should we say that layer two may have several knowledge bases?
Should queries and rules really be always attached to a knowledge base ? vs. create temp knowledge base for rules and queries we want to separate vs. have them defined outside knowl-edge bases vs. …
should have a more generic definitions of co-references and of normal formS
6 Language component

6.1 RDF
Define RDF in terms of the knowledge representation layer and structure layer
V= Blanks ( URI refs ( Literals

Definition: let ≤RDF be a preorder over V such that

· x ≤RDF y  if y ( Blanks 

· x ≤RDF y  if x, y ( Literals² and value(x)=value(y)
· x ≤RDF y  if  x=y
Definition: let G be an RDF ERGraph, corefRDF is an equivalence relation over EG such that

· x corefRDF y  if x,y ( URI and x=y

· x corefRDF y  if x,y ( Literals and value(x)=value(y)

Definition: let G be an RDF ERGraph, fusionRDF(E1,E2,..,En) returns

· the URI ref  if (E1,E2,..,En) ( URI and E1=E2=...=En
· the value if (E1,E2,..,En) ( Literals and value(E1)=value(E2)=...=value(En)
	Primitive RDF
	Griwes translation

	Blank
	Member of a specific vocabulary sub-set defined in intension.

	Literal
	Member of a specific vocabulary sub-set defined in intension.

	Literal ^^datatype
	Member of a specific vocabulary sub-set defined in intension.

	Literal @lang
	Member of a specific vocabulary sub-set defined in intension.

	URI ref
	Member of a specific vocabulary sub-set defined in intension.

	Triple: subject, predicate, object
x p y
	a relation in an ERGraph ; it would naturally be binary but additional coding information may be added with n-ary relations e.g. quad relation specifying the source and the property.
The ERGraph G includes the relation Rp such that nG(Rp)=(ex,ep,ey) 

	Description
	Belongs to syntax / not interesting here.

	Containers / List
	Like any other triple.  Note: ordering is interesting in many applications and is not really addressed here.

	RDF graph G (i.e. a set of triples on a given vocabulary)
	An ERGraph such that for each distinct term t appearing in a triple of G the ERGraph E associated to G contains a distinct entity e(t) and for each triple s,p,o of G, E contains a relation r such that nE(r)=(e(s),e(p),e(o)). 
Remark : a well-formed RDF ERGraph:

 - has no isolated entity;

 - first element of relations must not be a Literal;

 - a property name is only a URI ref; 

One may have to work on non-well-formed RDF ERGraph.

	RDF nodes
	Entities appearing in position 1 and 3 of a relation.

	Graph equivalence
	Two-way simple entailment.

	Plain Literal value
	Entity with a label which is a Literal (including@lang)

	Datatyped literal value
	Entity with a label which is a datatyped literal computed as shown in RULE 2.

	Vocabulary (set of names)
	Vocabulary.

	RDF Vocabulary (rdf:Property, rdf:type 
	a specific vocabulary sub-set defined in extension for RDF.

	Instance of a Graph (specialisation)
	Replace zero or more labels by more specific labels.

	Lean Graph (no instance which is a sub graph)
	There is no strict sub-graph of G which is more general tan G. (irredundant in CG and core graph in graph theory)

	Graph merging (kind of normalization)
	c.f. merge.

	Empty graph
	EG=( and RG=(

	Simple RDF entailment
	H entails G iff there exists a Homomorphism≤RDF from G to the normal form NF(H) defined by corefRDF and fusionRDF.

	RDF axioms
	the ERGraph representation of the triples of the axiomatic triples of RDF are asserted in every base of facts.

	x rdf:type t
	as any other triple. (NB: t can be integrated in the label of the entity representing x)

	RULE 1

IF x p y in RDF graph G 

THEN p rdf:type rdf:Property
	R=(H,C) where H=((e(y)),H') with H' is the graph associated with {(x,y,z)} where x, y and z are blanks and C=((e(u)),C') with C' the graph associated with {(u, rdf:type, rdf:Property)} where u is a blank and rdf:type, rdf:Property are URI refs of the RDF vocabulary. 

	RULE 2

IF x p y^^d  in RDF graph G and y^^d well-typed

THEN y^^d rdf:type d
	R=(Q,D) a functional rule, where Q=(H,C) with H=((e(z)),H') with H' is the graph associated with {(x,y,z)} where x, y and z are blanks, C is satisfied iff e(z) is labelled by a well-typed datatype literal. D=((e(a)),D') is the lambda functional ERGraph associated with  {(a, rdf:type, fun:getType(im(e(z))) ), (x, fun:id(im(r(y)), fun:getNormalForm(im(e(z)))) , (fun:getNormalForm(im(e(z))), rdf:type, fun:getType(im(e(z))) )  } where a is a blank and rdf:type is a URI ref of the RDF vocabulary and fun:getType() is a function extracting the type from a literal.


Datatyped Literal options:
RULE 2 does not cover coreference between a Literal Entity and its datatyped value representation. Solutions:

- indicate and handle coref between these entities;

- consider composite labels representing sets of literals; modify preorders on labels; modify normalisation; possibly indicate original destinations of arcs on the arcs themselves (SPARQL problems)

- use hyper arcs containing the literal representation, its type and its value; modify projection to handle a variable number of arguments in the arc.

Named graphs:
6.2 Simple graphs (SG Familly)

Define SG in terms of the knowledge representation layer and structure layer.

Definition: let G be an SG ERGraph, corefSG is an equivalence relation over EG such that x corefSG y if x=(tx,mx) and y=(ty,my) two concept labels and mx=my and mx,my(I
Definition: let G be an SG ERGraph, fusionSG(E1,E2,..,En) with Ei=(ti,m) members of the same corefSG class, returns E=(t1(t2(…(ti,m)
	Primitive SG
	Griwes translation

	Primitive concept types
	Member of a specific finite vocabulary sub-set TC defined in extension. This finite vocabulary sub-set has a partial-order TC .

	Primitive relation types
	Member of a specific finite vocabulary sub-set TR defined in extension and providing a label l, an arity k, and a signature s ( (TCC)k. This finite vocabulary sub-set has a partial-order TR defined only for labels with the same arity.

	Conjunctive concept types
	Member of a specific vocabulary sub-set TCC defined in intension; sub set of power set of  Primitive concept types. This finite vocabulary sub-set has a partial-order TCC derived from TC . NB: TC(TCC

	Individual markers and Generic marker *
	Member of a specific finite vocabulary sub-set M=I({*} defined in intension. This finite vocabulary sub-set has a partial-order M such that (i(M  i M *.

	Concept
	an entity where the label is a couple (t, m) with t ( TCC and  m(M. We define C a partial-order on these labels such that (t1, m1)C (t2, m2) iff t1TCC t2 and m1M m2.

	Relation
	a relation where the label is a type t ( TR 

	Fact
	idem Fact. 

	Query
	a query where C =(.

	Rule
	idem rule (NB: here again C =().

	Banned concept types
	Member of a specific vocabulary sub-set BT sub set of power set of  primitive concept types ; members of this sub-set should never be used in other sets of the vocabulary, in facts, in queries or rules.

	Support
	the vocabulary V.

	Graph specialization
	Let  be the partial order defined by C when applied to two entities, by TR when applied to two relations, and not holding for any other case.
A graph G specializes a graph H if there exists a homomorphism  from H to G.

	Graph deduction
	H is deduced from G iff the normal form NF(G) specializes H or G is inconsistent; NF(G) is defined by corefSG and fusionSG.


6.3 SPARQL 

//TODO: JF, Olivier, Cathy to list needs here

Define the SPARQL query language in terms of the knowledge representation layer and structure layer.
6.4 OWL

Define OWL in terms of the knowledge representation layer and structure layer

7 Strategy component

Unitary operations: saturate, interact with users, validate, etc.
Combination of operations e.g.: (1) saturate (2) interact (3) saturate (4) validate
8 Interaction component
This transversal component of the platform is two-fold:

· an API providing event handlers (e.g. additional knowledge needed) and reporting capabilities (e.g. validity warning) needed to synchronize conceptual representations and interface representations.
· a minimal GUI implementation to show how to use the API and to be used by developers in debugging and tracing.

This section will focus on specifying the API. The rationale is to systematically revisit every primitive of every level (graphs, proofs, lambda, facts, etc.) and every operation (maps, query, rules, etc.) to provide a set of constraints the APIs of layers 1 to 3 ensuring that structures and dynamic aspects are exploitable in interfaces for end-users' application, developers' tools, etc. Therefore this work on the interaction component is to be validated against scenarios of developers.
8.1 Basic structure interactions
The selection of any element to be integrated in an interface will be done through a query or an existing graph. The binding of the interface representation and the knowledge representation will be done through the proof of the selection query or the graph itself.
From an interface point of view, we distinguish four types of graphs:

· a graph with no refresh and no update: only actions on the graph can modify it and these actions only impact he graph itself.

· a graph with refresh only: the graph reflects changes in the knowledge representations (e.g. an event that says that something changed in the base) but changes made to the graph are not propagated to the knowledge representations.

· a graph with update only : the graph does not reflect changes in the knowledge representations but changes made to the graph are propagated to the knowledge representations (e.g. remove this node in the base).
· a graph with refresh and update: the graph reflects changes in the knowledge representations (e.g. an event that says that something changed in the base) and changes made to the graph are propagated to the knowledge representations (e.g. remove this node in the base).
Likewise, we distinguish four types of proofs:

· Proof with no refresh and no update: only actions on the proof can modify it and these actions only impact he proof itself.

· Proof with refresh only: the proof reflects changes in the representations (e.g. an event that says that something changed in the base) but changes made to the proof are not propagated to the knowledge representations.
· Proof with update only: the proof does not reflect changes in the knowledge representations but changes made to the proof are propagated to the knowledge representations (e.g. remove this node in the base).

· Proof with refresh and update: the proof reflects changes in the knowledge representations (e.g. an event that says that something changed in the base) and changes made to the proof are propagated to the knowledge representations (e.g. remove this node in the base).

A graph or a proof that support update should support an access right mechanism to be used in the management of edition.

A graph or a proof that support update should also support a locking mechanism i.e. a way to prevent any modification of the part of a base that participates to the graph and the proof (sub-graphs in the base, rules, subsumption rules, etc.)

We indentify two (abstract) classes: a generic class of visualizations and a class specifying if for graphic graph visualizations. Each one comes in three flavours.

· Visualization / Graphic visualization viewable only; simple rendering.
· Visualization / Graphic visualization refreshable: can change at any time for external reasons
· Visualization / Graphic visualization updatable: can be changed by the user
· Visualization / Graphic visualization refreshable and updatable: both
8.2 Knowledge layer interactions

8.3 Language dedicated interactions

8.4 Strategy dedicated interactions

Comments on this section:
Should the access right be placed at a lower level? Consider for instance rules e.g. can a rule modify a base? Access rights and rules (proofs)
collaborative edition

look at theorem proovers and interfaces for the proovers

monitor each steps of a proof allow a feedback to go to next stage
9 Conclusion

D
E
10 Glossary

	Entity
	An entity is anything that can be the topic of a conceptual representation.  

	Relation
	A relationship, or simply relation, might represent a property of an entity or might relate two or more entities. It is an hyper-arc that links 2 or more entities.

	Entity-Relation Graph

ERGraph
	An ERGraph is a set of Entities and Relations between these entities.

	Map
	

	Binary relation
	An arbitrary association of elements of one set with elements of another or the same set. It is defined as an ordered triple (D, C, G) where D and C are arbitrary sets respectively called the domain and codomain of the relation, and G is a subset of the Cartesian product X × Y and is called the graph of the relation. The statement (x,y)(R is denoted by R(x,y). The order of the elements in each pair of G is important: if a ≠ b, then R(a,b) and R(b,a) can be true or false, independently of each other. [3]

	Preorder
	A preorder is a reflexive and transitive binary relation defined on one set. [3]
· Reflexivity: a R a
· Transitivity:   if a R b and b R c then a R c 

	Partial order
	A partial order is a reflexive, antisymmetric, and transitive binary relation defined on one set. It is an antisymmetric preorder.

· Reflexivity: R(a,a)
· Antisymmetry:  if R(a,b) and R(b,a) then a = b
· Transitivity:   if R(a,b) and R(b,c) then R(a,c) 

It formalizes the notion of an arrangement of elements that is partial i.e. it does not guarantee the mutual comparability of all elements. [3]

	Total order
	A total order is an antisymmetric, transitive and total binary relation defined on one set.

· Antisymmetry:  if R(a,b) and R(b,a) then a = b
· Transitivity:   if R(a,b) and R(b,c) then R(a,c)  

· Total: ((a,b) at least R(a,b) or R(b,a) holds.
It formalizes the notion of a complete arrangement of elements i.e. any pair of elements are mutually comparable under the relation. [3]

	Equivalence relation
	An equivalence relation is a reflexive, symmetric, and transitive binary relation defined on one set.

· Reflexivity: R(a,a)
· Symmetry:  if R(a,b) then R(b,a)
· Transitivity:   if R(a,b) and R(b,c) then R(a,c) 

It formalizes the notion of elements of a relation which groups elements together as being "equivalent" in some way. [3]

	Equivalence class
	Given a set S and an equivalence relation R on S the equivalence class of an element a is the subset of all elements in S which are equivalent to a: [a]={x(S|R(x,a)}[3]

	Graph
	A graph is a set of objects called points, nodes, or vertices connected by links called lines or edges. [3]
Formally, a graph G is an ordered pair G:=(V,E) such that:

· V is a set, whose elements are called vertices or nodes,

· E is a set of unordered pairs of vertices, called edges or lines.

	Hypergraph
	A hypergraph is a generalization of a graph, where edges can connect any number of vertices. Formally, a hypergraph is a pair (X,E) where X is a set of elements, called nodes or vertices, and E is a set of non-empty subsets of X called hyperarcs. [3]

	Power Tuple Set ???
	If A is a set then A+ is the i.e. A+ = A ( (A(A) ( (A(A(A) ( ...
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