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Abstract. This paper proposes an incremental maintenance strategy, based on 
rules, for RDF views defined on top of relational data. The first step relies on 
the designer to specify a mapping between the relational schema and a target 
ontology and results in a specification of how to represent relational schema 
concepts in terms of RDF classes and properties of the designer’s choice. Using 
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the rules required for the incremental maintenance of the view.  
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1 Introduction 

As RDF becomes the facto standard for publishing structured data over the Web and 
since most business data is currently stored in relational database systems, the prob-
lem of publishing relational data in RDF format has special significance. A general 
and flexible way to publish relational data in RDF format is to create RDF views of 
the underlying relational data. The contents of views can be materialized to improve 
query performance and data availability. However, to be useful, a materialized view 
must be continuously maintained to reflect dynamic source updates. Basically, there 
are two strategies for materialized view maintenance. Re-materialization re-computes 
view data at pre-established times, whereas incremental maintenance periodically 
modifies part of the view data to reflect updates to the database. It has been shown 
that incremental maintenance generally outperform full view re-computation [1,2,6,9, 
13,17,18,20]. 

This paper proposes an incremental maintenance strategy, based on rules, for RDF 
views defined on top of relational data. The strategy has two major steps: The  
mapping generation step relies on the designer to specify a mapping between the 
relational schema and a target ontology and results in a specification of how to 
represent relational schema concepts in terms of RDF classes and properties of the 
designer’s choice. The mapping induces a RDF view that is exported from the data 
source. The view maintenance rules generation step automatically generates the rules 
required for incremental maintenance of the RDF view from the mappings.  
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Our solution has the following major points. First, we propose correspondence as-
sertions as a convenient way to specify customized mappings between target RDF 
vocabularies and base relational schemas. The benefits of using declarative formal-
isms for schema mappings are well known [3,12]. The concept of correspondence 
assertions was used in an earlier paper [20] to investigate XML views, but it proved to 
be much simpler to apply the concept to the context discussed in this paper. It is im-
portant to pointing out that the problem of generating schema mappings is outside the 
scope of this paper. 

Second, the views that we address are focused on schema-directed RDF publish-
ing. As such, the correspondence assertions induce schema mappings defined by the 
class of projection-selection-equijoin queries, which supports most types of data  
restructuring that are common in data publishing. We make a compromise in con-
straining the expressiveness of mappings to obtain an algorithm that is very efficient. 
Furthermore, the views are self-maintainable. 

Third, our rules can be implemented using triggers. Hence, no middleware system 
is required, since triggers are responsible for directly propagating the changes to the 
materialized views. 

Fourth, most of the work is done at view definition time. Based on the mappings, at 
view definition time, we are able to: (i) identify all source updates that are relevant to 
the view; and (ii) define the view maintenance statements required to maintain the 
view w.r.t a given relevant update. We emphasize that the view maintenance state-
ments are defined based solely on the source update and current source state and, 
hence, no access to the materialized view is required. This is important when the view 
is maintained externally [18], because accessing a remote data source may be too 
slow.  

Lastly, the view maintenance statements propagated by the rules do not require any 
additional queries over data source to maintain the view. Again, this becomes impor-
tant when the view is maintained externally [18].  

The use of rules is therefore a very effective solution for incremental maintenance 
of external views. However, creating rules that correctly maintain an RDF view can 
be a complex process, which calls for tools that automate the rule generation process. 
In this paper, we show that, based on a set of correspondence assertions [20], one can 
generate, automatic and efficiently, all the rules required to maintain a materialized 
view. Our formalism allows us to justify that the rules generated by our approach 
correctly maintain the view. 

The remainder of this paper is organized as follows. Section 2 summarizes related 
work in the area of incremental view maintenance. Section 3 introduces the corres-
pondence assertions. Section 4 presents the example used throughout the paper.  
Section 5 describes our approach for the automatic generation of incremental view 
maintenance rules, based on the correspondence assertions. Section 6 contains the 
conclusions.  

2 Related Work 

The problem of Incremental View Maintenance has been extensively studied for rela-
tional view [6, 11] as well as for object-oriented view [2, 13]. There have been also 
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incremental maintenance algorithms for semi-structured views [1, 14, 21] and XML 
views [7, 9, 17, 20]. Different data models and view specification languages have 
been assumed by a number of researchers. The algorithms in [1, 14, 21] are developed 
for views defined with a query over graph structures. The views considered in [7, 9] 
are defined using an XML algebra over XML trees, and the views in [17] are defined 
using path expressions over XML documents.  

The incremental algorithm in [4] maintains XML documents produced by an ATG, 
a formalism for mapping a relational schema to a predefined (possibly recursive) DTD. 
In their approach, a middleware system interacts with the underlying DBMS and main-
tains a hash index and a sub tree pool for the external XML view. The main problem 
with this approach, not to mention the high complexity of the algorithm, is that it re-
quires several round-trips between the middleware and the DBMS. Therefore, the view 
is not self maintainable, which is a desirable feature for external views (view stored 
outside the DBMS). Other drawbacks are that the use of in-memory hash table limits the 
technique for large documents cached in a middleware, and it is not possible to detect 
irrelevant updates.  

The algorithm in [20] incrementally maintains materialized XML views of relational 
data, in the context of the SQL/XML [8] standard. The algorithm has four major steps: 
first, it identifies the view paths that are relevant to a base update; second, it identifies all 
elements in a relevant path that are affected by the base update; third, it generates the list 
of updates required to maintain the affected elements; and, finally, it sends the list of up-
dates to the view. 

None of the above techniques can be directly applied to RDF views of relational 
data. 

3 Correspondence Assertions 

3.1 Basic Concepts and Notation  

As usual, we denote a relation scheme as R[A1,....,An] and adopt mandatory (or not 
null) attributes, keys, primary keys and foreign keys as relational constraints. In par-
ticular, we use F(R:L,S:K) to denote a foreign key, named F, where L and K are lists 
of attributes from R and S, respectively, with the same length. We also say that F 
relates R and S. 

A relational schema is a pair S=(R,Ω), where R is a set of relation schemes and Ω 
is a set of relational constraints such that: (i) Ω has a unique primary key for each 
relation scheme in R; (ii) Ω has a mandatory attribute constraint for each attribute 
which is part of a key or primary key; (iii) if Ω has a foreign key of the form 
F(R:L,S:K), then Ω also has a constraint indicating that K is the primary key of S. The 
vocabulary of S is the set of relation names, attribute names, etc. used in S. Given a 
relation scheme R[A1,....,An] and a tuple variable t over R, we use t.Ak to denote the 
projection of t over Ak. We use selections over relation schemes, defined as usual. 

Let S=(R,Ω) be a relational schema and R and T be relation schemes of S. A list 
ϕ=[F1,...,Fn-1] of foreign key names of S is a path from R to T iff there is a list R1,...,Rn 
of relation schemes of S such that R1=R, Rn=T and Fi relates Ri and Ri+1. We say that 
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tuples of R reference tuples of T through φ. A path φ is an association path iff 
φ=[F1,F2], where the foreign keys are of the forms F1(R2:L2,R1:K1) and 
F2(R2:M2,R3:K3). For example, consider the relational schema ISWC_REL in Figure 1. 
The list of foreign keys names [Fk_Publications,Fk_Authors] is an association path 
from Papers to Persons, but [Fk_Publications,Fk_Persons] is not even a path. 

We also recall a minimum set of concepts related to ontologies. A vocabulary V is 
a set of classes, object properties and datatype properties. An ontology is a pair 
O=(V,Σ) such that V is a vocabulary and Σ is a finite set of formulae in V, the con-
straints of O. Among the constraints, we consider those that define the domain and 
range of a property, as well as cardinality constraints, defined in the usual way. 

3.2 Definition of the Correspondence Assertions  

This section introduces the notion of correspondence assertion, leaving examples to 
Section 3. Let S=(R,Ω) be a relational schema and O=(V,Σ) be an ontology and as-
sume that Σ has constraints defining the domain and range of each property.  

Definition 3.1: A class correspondence assertion (CCA) is an expression of one of 
following forms: 

(i) Ψ: C ≡ R[A1,...,An] 
(ii) Ψ: C ≡ R[A1,...,An]σ 

where Ψ is the name of the CCA, C is a class of V, R is a relation name of S, 
A1,...,An are the attributes of the primary key of R, and σ is a selection over R. 
We also say that Ψ matches C with R. 

Definition 3.2: An object property correspondence assertion (OCA) is an expression 
of one of following forms: 

(i) Ψ: P ≡ R  
(ii) Ψ: P ≡ R / ϕ 

where Ψ is the name of the OCA, P is an object property of V and ϕ is a path 
from R.  

Definition 3.3: A datatype property correspondence assertion (DCA) is an expression 
of one of following forms: 

(i) Ψ: P ≡ R / A  
(ii) Ψ: P ≡ R / {A1,...,An} 
(iii) Ψ: P ≡ R / ϕ / B  
(iv) Ψ: P ≡ R / ϕ / {B1,...,Bn} 

where Ψ is the name of the DCA, P is a datatype property of V, R is a relation 
name of S, A is an attribute of R, A1,...,An are attributes of R, ϕ is a path from R 
to T, B is an attribute of T, and B1,...,Bn are attributes of T.  

Definition 3.4: A correspondence assertion is relevant to a relation R iff it is of one 
of the following forms: 

(i) Ψ: C ≡ R[A1,...,An] 
(ii) Ψ: C ≡ R[A1,...,An]σ 
(iii) Ψ: P ≡ R  
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(iv) Ψ: P ≡ R / ϕ 
(v) Ψ: P ≡ R / A  
(vi) Ψ: P ≡ R /{A1,...,An} 
(vii)  Ψ: P ≡ R / ϕ / B  
(viii) Ψ: P ≡ R’ / ϕ  where ϕ has a foreign key of R. 
(ix) Ψ: P ≡ R’ / ϕ / {B1,...,Bn} ϕ has a foreign key of R.   
(x) Ψ: P ≡ R’ / ϕ / B, ϕ has a foreign key of R.   

Definition 3.5: A mapping between V and S is a set A of correspondence assertions 
such that:  

(i) If A has an OCA of the form P ≡ R, then A must have a CCA that matches the 
domain of P with R, and a CCA that matches the range of P also with R. 

(ii) If A has an OCA of the form P ≡ R/ϕ, where ϕ is a path from R to T, then A 
must have a CCA that matches the domain of P with R and a CCA that matches 
the range of P with T. 

(iii) If A has a DCA that matches a datatype property P in V with a relation name R 
of S, then A must have a CCA that matches the domain of P with R.  

3.3 Transformation Rules Generated by Correspondence Assertions  

In this section, we introduce the notion of transformation rule and show how to interp-
ret correspondence assertions as transformation rules. Let O=(V,Σ) be an ontology 
and S=(R,Ω) be a relational schema, with vocabulary U. Let X be a set of scalar va-
riables and T be a set of tuple variables, disjoint from each-other and from V and U. 

A literal is a range expression of the form R(t), where R is a relation name in U 
and t is a tuple variable in T, or a built-in predicate of one of the forms shown in Ta-
ble 1. A rule body B is a list of literals. When necessary, we use “B[x1,…,xk]” to indi-
cate that the tuple or scalar variables x1,…,xk occur in B. We also use  
“R(t), B[t,x1,…,xk]” to indicate that the rule body has a literal of the form R(t). 

A transformation rule, or simply a rule, is an expression of one of the forms:  

• C(x) ← B[x], where C is a class in V and B[x] is a rule body 

• P(x,y)← B[x,y], where P is a property and B[x,y] is a rule body 

Let A be a set of correspondence assertions that defines a mapping between V and 
S, that is, A satisfies the conditions stated in Definition 2.5. Assume that each class C 
in V is associated with a namespace prefix.  

Table 2 shows the transformation rules induced by the correspondence assertions 
in A. For example, the rule on the right-hand side of Line 5 indicates that, for each 
tuple t of R such that t.A is not null, one should:  

• Compute the URI s of the instance of domain D of P that t represents, using 
the class correspondence assertion ΨD: D(s)←R(t),BD[t,s], where BD[t,s] 
stands for “HasURI[Ψ](t,s)”, if the CCA for D follows Line 1 of Table 2, or 
BD[t,s] stands for “HasURI[Ψ](t,s),σ(t)”, if the CCA for D follows Line 2; 

• Translate the value of A in tuple t, generating the literal v;  
• Associate v as the value for property P of s. 
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Table 1. Built-in predicates 

Built-in predicate Intuitive definition 
nonNull(v) nonNull(v) holds iff value v is not null  

RDFLiteral(u, A, R, v) Given a value u, an attribute A of R, a relation name R,  
and a literal v, RDFLiteral(u, A, R, v) holds iff  
v is the literal representation of u, given the type of A in R 

HasReferencedTuples[ϕ](t,u)   
where ϕ is a path from R to T 

Given a tuple t of R and tuple u of T,  
HasReferencedTuples[ϕ](t,u) holds iff 
u is referenced by t through path ϕ 

HasURI[Ψ](t,s) 
where Ψ is a CCA for a class C of V, 
using attributes A1,...,An of R  

Given a tuple t of R, HasURI[Ψ](t,s) holds iff  
s is the URI obtained by concatenating the namespace 
prefix for C and the values of t.A1,...,t.An 

concat([v1,.., vn],v) 
 

Given a list [v1,.., vn] of string values,  
concat([v1,.., vn],v) holds iff 
v is the string obtained by concatenating v1,..,vn 

Table 2. Transformation Rules 

 Correspondence Assertion Transformation Rule 

T1 Ψ: C ≡ R[A1,...,An] C(s) ← R(t), HasURI[Ψ](t,s) 

T2 Ψ: C ≡ R[A1,...,An]σ C(s) ← R(t), HasURI[Ψ](t,s),σ(t)  

T3 Ψ: P ≡ R 
where: 
- A has a CCA ΨD that matches the domain D of P   
  with R and ΨD has mapping rule D(s)←R(t),BD[t,s]
- A has a CCA ΨN that matches the range N of P   
  with R and ΨN has mapping rule N(o)←R(t),BN[t,o]

 P(s,o) ← R(t), BD[t,s], BN[t,o] 
 

T4 Ψ: P ≡ R / ϕ 
where: 
- ϕ is a path of R to T  
- A has a CCA ΨD that matches the domain D of P   
  with R and ΨD has mapping rule D(s)←R(t),BD[t,s]
- A has a CCA ΨN that matches the range N of P  
  with T and ΨN has mapping rule N(o)←T(u),BN[u,o]

P(s,o) ← R(t), BD[t,s], 
           HasReferencedTuples[ϕ](t,u), 
           T(u), BN[u,o] 
 

T5 Ψ: P ≡ R / A 
where: 
- A has a CCA ΨD that matches the domain D of P  
  with R and ΨD has mapping rule D(s)←R(t),BD[t,s]
- A is an attribute of R   

P(s,v) ← R(t), BD[t,s],  
           nonNull(t.A) 
           RDFLiteral(t.A,“A”,“R”,v)  

T6 Ψ: P ≡ R / ϕ / A 
where: 
- ϕ is a path of R to T 
- A has a CCA ΨD that matches the domain D of P  
  with R and ΨD has mapping rule D(s)←R(t),BD[t,s]
- A is an attribute of T    

P(s,v) ← R(t), BD[t,s],  
          HasReferencedTuples[ϕ](t,u),  
          nonNull(u.A), 
          RDFLiteral(u.A,“A”,“T”,v) 
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Table 2. (Continued) 

T7 Ψ: P ≡ R / {A1,...,Am} 
where: 
- A has a CCA ΨD that matches the domain D of P  
  with R and ΨD has mapping rule D(s)←R(t),BD[t,s]
- A1,...,Am are attributes of R 
  

P(s,v) ← R(t), BD[t,s],  
         nonNull(t.A1),…,nonNull(t.Am), 
         RDFLiteral(t.A1 ,“A1”,“R”,v1), 
         …,  
         RDFLiteral(t.Am ,“Am”,“R”,vm),  
          concat([v1,..,vm],v) 

T8 Ψ: P ≡ R / ϕ / {A1,...,Am} 
where: 
- ϕ is a path from R to T  
- A has a CCA ΨD that matches the domain D of P  
  with R and ΨD has mapping rule D(s)←R(t),BD[t,s]
- A1,...,Am are attributes of T  

P(s,v) ← D(t), BD[t,s],  
        HasReferencedTuples[ϕ](t,u),  
        nonNull(u.A1),…,nonNull(u.Am) 
        RDFLiteral(u.A1,“A1”,“T”,v1), 
         …,  
        RDFLiteral(u.Am ,“Am”,“T”, vm), 
        concat([v1,..,vm],v) 

4 Running Example 

In this section, we present the relational database schema ISWC_REL and the ontolo-
gy CONF_OWL, which are used as a case study throughout the paper. We also 
present a set of correspondence assertions, which specifies the mapping between 
CONF_OWL and ISWC_REL. 

Figure 1 depicts the relational schema ISWC_REL. Each table has a distinct prima-
ry key, whose name ends with 'ID'. Persons and Papers represent the main concepts. 
The attribute conference of Papers is a foreign key to Conferences. 
Rel_Person_Paper represents an N:M relationship between Persons and Papers. The 
labels of the arcs, such as Fk_Publications, are the names of the foreign keys. 

Figure 2 depicts the ontology CONF_OWL, which reuses terms from four well-
known vocabularies: FOAF (Friend of a Friend), SKOS (Knowledge Organization 
System), VCARD and DC (Dublin Core). We use the prefix “conf” for the new terms 
defined in the CONF_OWL ontology. 

Table 3 shows a set of correspondence assertions that specifies a mapping between 
CONF_OWL and ISWC_REL, obtained with the help of the tool described in [19]. For 
example, the transformation rules induced by CCA1, DCA1 and OCA2 are (the trans-
lations from attribute values to RDF literals are omitted for simplicity):  

• CCA1 specifies that each tuple t in Persons produces one RDF triple: 
<http://example.com/person/t.perID> rdf:type   foaf:Person. 

• DCA1 specifies that each tuple t in Persons produces one RDF triple: 

<http://example.com/person/t.perID> foaf:name    
     concat(t.firstname, t.lastname). 
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• OCA2 specifies that, for each tuple t in Person, for each tuple t’ in Topics such 
that t’ is referenced by t through path [Fk_Authors, Fk_Publications, 
Fk_Papers, Fk_Topics], one triple of the form is generated:   

<http://example.com/person/t.perID> conf:ResearchInterests  
  <http://example.com/org/t’.topicID>.  

 

 

Fig. 1. ISWC_REL Database Schema 

 

 

Fig. 2. CONF_OWL Target Ontology 
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Table 3. Correspondence Assertions 

CCA1 foaf:Person  ≡ Persons[perID] 
CCA2 foaf:Document  ≡ Papers[paperID] 
CCA3 conf:PostalAddress  ≡ Organizations[orgID] 
CCA4 conf:Organization ≡ Organizations[orgID] 
CCA5 conf:Conference  ≡ Conferences[confID] 
CCA6 skos:Concept  ≡ Topics[topicID] 
OCA1 conf:hasAffiliation  ≡ Persons / [Fk_Persons, Fk_Organizations] 

OCA2 conf:researchInterests  ≡ 
Persons / [Fk_Authors, Fk_Publications, Fk_Papers, Fk_Topics ] 

OCA3 vcard:ADR ≡ Organizations 
OCA4 skos:subject  ≡ Papers / [Fk_Papers, Fk_Topics] 
OCA5 conf:conference ≡ Papers / Fk_Conferences 
OCA6 skos:broader ≡ Topics / Fk_Parent 
DCA1 foaf:name ≡ Persons / { firstName, lastName } 
DCA2 foaf:mbox  ≡ Persons / email 
DCA3 rdfs:label ≡ Organization / name 
DCA4 foaf:homepage  ≡ Organization / homepage 
DCA5 vcard:Street  ≡ Organizations / address 
DCA6 vcard:locality  ≡ Organizations / location 
DCA7 vcard:Pcode  ≡ Organizations / postcode 
DCA8 vcard:country ≡ Organizations /country 
DCA9 dc:title ≡ Papers / title 

DCA10 dcterms:abstract  ≡ Papers / abstract 
DCA11 dc:date  ≡ Papers / year 
DCA12 skos:prefLabel  ≡ Topics / topicName 
DCA13 rdfs:label  ≡ Conferences / name 

 

 

Fig. 3. ISWC_RDF Exported View Schema 
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5 Automatic Generation of Maintenance Rules  

In this section, we present our process for generating a set of rules required for the 
incremental maintenance of materialized view data. The process inputs are:  

• D = (VD,CD) is the target ontology, where VD is the vocabulary of D and CD is 
the set of constraints of D 

• S is the relational schema that is mapped to D 
• A is a mapping, that is, a set of correspondence assertions between VD and S 

The process consists of two main steps. The first step involves the generation of 
the exported RDF view schema V, which is induced by the mapping A, as described in 
[5]. Figure 3 shows the exported RDF view schema ISWC_RDF induced by the cor-
respondence assertions in Table 3. The vocabulary of ISWC_RDF contains all the 
elements of the CONF_OWL ontology that match an element of ISWC_REL. 

The second step involves the generation of a set of rules required for the incremen-
tal maintenance of the materialized view data. In following, we present how to use the 
view correspondence assertions to generate the set of rules required for the incremen-
tal maintenance of V.  

In our approach, the process of generating the maintenance rules for V consists of 
the following steps: 

• Obtain the set of all relations in S that are relevant to V. A relation R is rele-
vant to V iff any correspondence assertion of V is relevant to R (see Def. 3.4). 

• For each relation R that is relevant to V, three rules are generated (see Fig. 4). 
Rule (a) is triggered by deletions on R, Rule (b) by insertions on R, and Rule 
(c) by updates on R. An update is a deletion followed by an insertion.  

When   INSERT 0N R  
 Then    
    U:= GVU_INSERTonR (rnew); 
    ApplyUpdates( V, U); 
 
 

(a) 

When   DELETE 0N R
 Then    
    U:=GVU_DELETEonR (rold); 
    ApplyUpdates( V, U); 
 
 

(b) 

When   UPDATE 0N R   
 Then    
     U:=GVU_DELETEonR (rold); 
     ApplyUpdates( V, U); 
     U:= GVU_INSERTonR (rnew); 
     ApplyUpdates( V, U); 

(c) 

Fig. 4. Rules for maintenance of View V with respect to updates on relevant relation R 

In Figure 4, the procedures GVU_INSERT[R] and GVU_DELETE[R] are automat-
ically generated, at view definition time, based on the correspondence assertions of V 
that are relevant to R. The procedure GVU_INSERT[R] takes as input a tuple rnew in-
serted in R and returns the updates necessary to maintain the view V. The procedure 
GVU_DELETE[R] takes as input a tuple rold deleted from R, and returns the updates 
necessary to maintain the view V. Appendix A shows the algorithm Generate_ GVU_ 
INSERT[R], which takes as input the set of correspondence assertions of V that are 
relevant to R, and compiles the procedure “GVU_ INSERT[R]” with parameter rnew. 
The definitions of the built-in functions used in Generate_GVU_ INSERT[R] are  
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defined in Table 4. The algorithm for compiling the procedure “GVU_ DELETE[R]” 
is very similar, and it is omitted here for brevity. 

Table 5 shows the procedure GVU_INSERT[Papers], which returns the updates 
necessary to maintain the view ISWC_RDF with respect to insertions on relation Pa-
pers. By Definition 4.5, we have that CCA2, DCA9 and OCA5 are relevant to relation 
Papers. The updates required for CCA2, DCA9 and OCA5 are defined according 
with transformation rules T1, T4 and T5 in Table2, respectively.   

 Table 6 shows the procedure GVU_INSERT[Rel_Paper_Topic], which returns the 
updates necessary to maintain the view ISWC_RDF with respect to insertions on rela-
tion Rel_Paper_Topic. By Definition 4.5, we have that OCA2 and OCA4 are relevant 
to relation Rel_Paper_Topic, because the relation Rel_Paper_Topic is related by the  
foreign key Fk_Topics which occurs in the path of both OCA2 and OCA4. According 
to case 4 of the algorithm, the updates required by OCA2 for maintaining the view 
ISWC_RDF with respect to insertions on relation Rel_Paper_Topic reduce to: For 
each tuple t1 in Persons that is referenced by rnew through path {Fk_Papers, 
Fk_Publications, Fk_Author}, recompute all conf:research_interests of t1 according to 
transformation rule T5.  Note that the property conf:research_interests of other tuples in 
Papers is not affected by insertions on relation Rel_Paper_Topic.  

Table 4. Built-in Functions 

Built-in function Definition 
GenerateRDFLiteral(u, A, R, v)  v = GenerateRDFLiteral(u, A, R)  iff RDFLiteral(u, A, R, v)  

ObtainsReferencedTuples[ϕ](t)  
where ϕ is a path from R to T 

{ u / HasReferencedTuples[ϕ](t,u)  } 
 

GenerateURI[Ψ](t) 
where Ψ is a CCA for a class C. 

s = GenerateURI[Ψ](t) iff HasURI[Ψ](t, s) 
 

GenerateConcat([v1,.., vn],v) v = GenerateConcat(u, A, R)  iff  concat([v1,.., vn],v)  

Table 5. Procedure GVU_INSERT[Papers]  

 U := ∅; 
/* Updates required by CCA2  (lines 2-4 of Generate_GVU_Insert[R] algorithm)   
s := GenerateURI[CCA2](rnew);  
U := U ∪ { “InsertTriple(s, "rdf:type",  “foaf:Document”);” }; 
 If  s≠ “ ”  then{  
   /* Updates required by OCA5  (lines 11-16 of Generate_GVU_Insert[R] algorithm)     
    Q = ObtainReferencedTuples[FK_Conferences](rnew );  
    For each t in Q do { 

  o := GenerateURI[CCA5](t);             
        U := U ∪ { “If conf:conference(o) then InsertTriple(s, "conf:conference" , o);”};}; 
   /* Updates required by DCA9  (lines 21-24 of Generate_GVU_Insert[R] algorithm)    
     If nonNull(rnew.title ) then { 
        v := GenerateRDFLiteral(rnew.title, ”title”, “Papers”);  
        U := U ∪ {“InsertTriple(s, “dc:title”, v);”};}; 
 }}; 

Return(U). 
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Table 6. Procedure GVU_Insert[Paper_Topic]_ 

U :=  ∅; 

 /* Updates required by OCA2  (lines 38-48 of Generate_GVU_Insert[R] algorithm)   
Q1 = ObtainReferencedTuple[Fk_Papers, Fk_Publications,  Fk_Author](rnew );    

For each t1  in Q1 do {  
   s = GenerateURI[CCA1](t1); 

   U := U ∪ { “DeleteTriple(s, "conf:research_interests", ?o);”}; 

  Q2 = ObtainReferencedTuple[Fk_Authors, Fk_Publications, Fk_Papers, Fk_Topics ](t1)};  
  For each t2 in Q2 do {  

   o = GenerateURI[CCA6](t2); 

   U := U ∪ { “If skos:concept(o) then InsertTriple(s, "conf:research_interests", o);”}}; 

/* Updates required by OCA4  (lines 38-48 of Generate_GVU_Insert[R] algorithm)   

Q1 = ObtainReferencedTuple[FK_Papers](rnew );    
For each t1  in Q1 do {  
    s  = GenerateURI[CCA2](t1); 

    U := U ∪ { “DeleteTriple(s, "skos:Subject", ?o);”}; 

    Q2 = ObtainReferencedTuple[Fk_Papers, Fk_Topics](t1);  

    For each t2 in Q2 do {  

        o = GenerateURI[CCA6](t2); 

        U := U ∪ { “If skos:concept(o) then InsertTriple(s, "skos:Subject", o);”}}} 

Return(U).} 

Table 7. Procedure GVU_Insert[Organizations]_ 

 
 

U := ∅; 
/* Updates required by CCA3  (lines 2-4 of Generate_GVU_Insert[R] algorithm)   
s := GenerateURI[CCA3](rnew);  
U := U ∪ { “InsertTriple(s, "rdf:type",  “conf:PostalAddress”);” }; 
If  s≠ “ ”  then{
    /* Updates required by DCA5  (lines 17-20 of Generate_GVU_Insert[R] algorithm) 
      If nonNull(rnew.address) then { 
         v := GenerateRDFLiteral(rnew.address, ”address”, “Organizations”);  
         U := U ∪ {“InsertTriple(s, “vcard:Street”, v);”};}; 
    /* Updates required by DCA6  (lines 21-24 of Generate_GVU_Insert[R] algorithm) 
      If nonNull(rnew.location) then { 
         v := GenerateRDFLiteral(rnew.location, ”location”, “Organizations”);  
         U := U ∪ {“InsertTriple(s, “vcard:locality”, v);”};}; 
    /* Updates required by DCA7  (lines 21-24 of Generate_GVU_Insert[R] algorithm) 
      If nonNull(rnew.postcode) then { 
         v := GenerateRDFLiteral(rnew. postcode, ” postcode”, “Organizations”);  
         U := U ∪ {“InsertTriple(s, “vcard:Pcode”, v);”};}; 
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Table 7. (Continued) 

 

6 Conclusions and Future Work 

In this paper, we argued that, based on view correspondence assertions, we can auto-
matic and efficiently identify all relations that are relevant to a view. Using view cor-
respondence assertions, we can also define the rules required for maintaining a view 
with respect to updates on a relevant relation. Finally, we indicated how the rules can 
be automatically generated from the correspondence assertions. 

We emphasize that, in our approach, the rules are responsible for directly propa-
gating the changes to the materialized view. Our approach is effective for an external-
ly maintained view because: the view maintenance rules are defined at view definition 
time; no access to the materialized view is required to compute the view maintenance 
statements propagated by the rules; and the propagated view maintenance statements 
do not require any additional queries over the data source to maintain the view. 

We are currently working on the development of a tool to automate the generation 
of incremental view maintenance rules.  
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1128/2010. 

/* Updates required by DCA8 (lines 21-24 of Generate_GVU_Insert[R] algorithm) 
      If nonNull(rnew.country) then { 
         v := GenerateRDFLiteral(rnew. country, ”country”, “Organizations”);  
         U := U ∪ {“InsertTriple(s, “vcard:country”, v);”};};}; 
/* Updates required by CCA4  (lines 2-4 of Generate_GVU_Insert[R] algorithm)   
s := GenerateURI[CCA4](rnew);  
U := U ∪ { “InsertTriple(s, "rdf:type",  “conf:Organization”);” }; 
If  s≠ “ ”  then{
    /* Updates required by OCA3  (lines 21-24 of Generate_GVU_Insert[R] algorithm) 

o := GenerateURI[CCA3](rnew);  
      U := U ∪ {“If conf: PostalAddress(o) InsertTriple(s, “vcard:ADR”, o);”};}; 

/* Updates required by DCA3  (lines 21-24 of Generate_GVU_Insert[R] algorithm) 
      If nonNull(rnew.title ) then { 
         v := GenerateRDFLiteral(rnew.name, ”name”, “Organizations”);  
         U := U ∪ {“InsertTriple(s, “rdfs:label”, v);”};}; 
    /* Updates required by DCA4  (lines 21-24 of Generate_GVU_Insert[R] algorithm) 
      If nonNull(rnew.homepage ) then { 
         v := GenerateRDFLiteral(rnew.homepage, ”homepage”, “Organizations”);  
         U := U ∪ {“InsertTriple(s, “foaf:homepage”, v);”};};};}; 
Return(U). 
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Appendix  

Algorithm Generate “GVU_Insert[R]” 

Input:  The set of correspondence assertions relevant to relation R.  
Output:  Procedure “GVU_INSERT[R]” with parameter rnew. 
 

1 τ := {“U := ∅;”}; 
2 For each CCA ΨC that matches a class C with R do {
3   If ΨC: C ≡ R[A1,…, An] then  
4    τ := τ + “s := GenerateURI[ΨC](rnew); U := U ∪ {“InsertTriple(s, “rdf:type”, “C”);”};” 
5     else if ΨC : C ≡ R[A1,...,An]σ  then  
6          τ := τ + “if σ (rnew)= true then { s := GenerateURI [ΨC] (rnew);   
7                                                          U := U ∪ {“InsertTriple(s, “rdf:type”, “C”);”} 
8                                                else s:= “ ”;”; 
9   τ := τ +  “If  s≠ “ ”  then  {”;  
10 
11 

For each OCA ΨP : P ≡ R/ϕ  where C is the domain of P, ϕ is a path from R to T, 
 and ΨN is the CCA  that matches the range N of P with T do { 

12        τ := τ + “Q := ObtainReferencedTuples[ϕ](rnew);" 
13                  + “For each t in Q do {
14                        o := GenerateURI[ΨN](t);
15                        U := U ∪ {“If N(o) then “InsertTriple(s, “P”, o);”};};}; 
16 
17 

For each OCA ΨP : P ≡ R  where C is the domain of P,  ΨN is the CCA  that  
   matches the range N of P with R do { 

18 
19 

          τ := τ + “o := GenerateURI[ΨN](rnew);" 
                   +  “U := U ∪ {“If N(o) then “InsertTriple(s, “P”, o);”};”}; 

20 For each DCA ΨP : P ≡ R/A where C is the domain of P do { 
21 
22 
23 

          τ := τ + “if nonNull(rnew.A) then {
                          v = GenerateRDFLiteral(rnew.A, ”A”, “R”);  
                        U := U ∪ {“InsertTriple(s, “P”, v);”};”; 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

For each DCA ΨP:P ≡ R/ϕ /A where C is the domain of P, ϕ is a path from R to T,  
   and ΨN is the CCA  that matches the range N of P with T do 

          τ := τ + “Q := ObtainReferencedTuples[ϕ](rnew);";  
                   + “For each t in Q do { 
                         “if nonNull(t.A) then { 
                          v = GenerateRDFLiteral(t.A, ”A”, “T”);  
                        U := U ∪ {“InsertTriple(s, “P”, v);”}};”; 
  }; 
}; 
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34 
35 
36 
37 
38 

For each OCA ΨP : P ≡ R1/ϕ  where ϕ = [FK1, ... ,FKn-1 ] is a path from R1 to 
Rn, and R = Rj, 2≤ j ≤ n, do { 
    Let ϕ1 = [FKj, ... ,FK1 ];  
    Let ΨD be the CCA that matches the domain D of P with R1, and ΨN be   
    the CCA  that matches the range N of P with Rn.  

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

    τ := τ + “Q1 := ObtainReferencedTuples[ϕ1](rnew);";  
             + “For each t1 in Q1 do { 
                      s := GenerateURI[ΨD](t1);  
                    U := U ∪ {“DeleteTriple(s, “P”, ?o);”}; 

                     Q2 := ObtainReferencedTuples[ϕ](t1);  
                      For each t2 in Q2 do { 
                       o := GenerateURI[ΨN](t2); 
                       U := U ∪ {“If N(o) then “InsertTriple(s, “P”, o);”};};}”; 

}; 
49 
50 
51 
52 
53 

For each DCA ΨP : P ≡ R1/ϕ /A where ϕ = [FK1, ... ,FKn-1 ] is a path from R1 
to Rn, and R = Rj, 2≤ j ≤ n, do 
    Let ϕ1 = [FKj, ... ,FK1 ];  
    Let ΨD be the CCA that matches the domain D of P with R1, and ΨN be  
     the CCA  that matches the range N of P with Rn. 

54 
55 
56 
57 
58 

    τ := τ + “Q1 := ObtainReferencedTuples[ϕ1](rnew);";  
             + “For each t1 in Q1 do { 
                      s := GenerateURI[ΨD] (t1);  
                    U := U ∪ {“DeleteTriple(s, “P”, ?o)”}; 

                     Q2 := ObtainReferencedTuples[ϕ](t1);  
59 
60 

                      For each t2 in Q2 do {
                         “if nonNull(t2.A) then { 

61                           v = GenerateRDFLiteral(t2.A, ”A”, “Rn”);  
62                         U := U ∪ {“InsertTriple(s, “P”, v); ”};};}”; 
63 }; 
64 Return(τ).      
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