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Abstract. In this paper we describe a prototype implementation of updateable 
views called “SBQL Views”. The prototype follows a novel approach to view 
updates based on the Stack-Based Approach to object-oriented and XML-
oriented query languages. The SBQL Views prototype is implemented on top of 
the SBQL query language for the XML DOM model. The novelty of the ap-
proach consists in augmenting a view definition by descriptions of update op-
erations that can be performed on virtual objects. The paper describes the main 
ideas of SBQL Views and shortly compares the implemented approach to rela-
tional views based on instead-of triggers, a corresponding solution used in Ora-
cle and MS SQL Server.  

1.   Introduction 

A view is a mapping of stored objects into virtual ones that are adapted to particular 
application requirements. The motivations of introducing views into databases can be 
various – from security issues like information hiding, through supporting database 
schema evolution, to transparent integration of heterogeneous distributed resources. 
The qualities that the views can provide were already discussed in [KLS03]. 

For many years usage of views was limited because of problems with their updates. 
If a view is a mapping of stored objects into virtual ones, then updates of virtual ob-
jects must be mapped into updates of stored objects. The problem is that there is no 
generic and automatic way to find such a mapping which is at the same time always 
coherent with the user intents. For instant, if one wants to update some aggregated 
value (e.g. the average salary of employees) delivered by a view, then there are plenty 
of methods to perform such an operation on stored objects and probably only one of 
them can satisfy the user. Any predefined or automatic mapping may lead to warping 
of user update intents (the problem is discussed e.g. in [KLPS02]). 

Although the view updating problem has been identified many years ago and there 
are many papers on the topic (see e.g. [Bert92, GPZ88, KiKe95, LaSc91, Rund96, 
SLT91]), the existing implementations support updates of views to a limited extent 
(e.g. [AAC+99, ABS96, KK95, Lac01, Rund92]). As far as we know, only one solu-
tion for relational views in Oracle and MS SQL Server (referred to as instead-of trig-
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gers views) handles the problem properly. No similar solution exists for object-
oriented and XML-oriented databases. Typical solutions focus the attention on identi-
fying cases when a view cannot be updated, instead of proposing methods to support 
such updates. In [KLS03] we presented an approach that is an alternative to instead-of 
triggers and addresses a general object/XML-oriented model. The approach assumes 
that generic updates of virtual objects are overwritten by calls of procedures that 
augment the view definition. The view definer can determine through the procedures 
any view updating intention. 

In this paper we present an implementation of the idea.  We also show advantages 
of our approach over instead-of trigger views. The prototype is called “SBQL Views”. 
It is implemented on top of the SBQL query language for the XML DOM model. 
Other repositories, in particular object-oriented databases, can be easily adopted 
through corresponding wrappers.  

Both SBQL and SBQL Views are based on the Stack-Based Approach (SBA) to 
query languages. SBA is a novel approach to object-oriented query languages that is a 
come back to the classical concepts of programming languages, such as the environ-
mental stack and the naming-scoping-binding paradigm. In contrast to other ap-
proaches to object-oriented query languages SBA addresses all the primitives that are 
necessary to define updateable views properly, in particular, generic imperative con-
structs (updating, inserting, deleting, etc.), functions and procedures, parameter pass-
ing, and others.  

The structure of the paper is the following. In the next section we shortly describe 
SBA that is a basis of our approach to view updates. Next, we sketch ideas of the ap-
proach to updates of views. In Section 4 we present basic assumptions for the proto-
type and its architecture. Section 5 contains description of the prototype. In Section 6 
we compare our approach with the instead-of trigger mechanism. Section 7 concludes. 

2.   Stack-Based Approach  

The Stack-Based Approach to query languages has been proposed in [SKL95, 
SBMS95] and then developed in many next papers, reports and theses. It assumes that 
query languages are special programming languages. Therefore, evaluation of queries 
is based on similar mechanisms as expression evaluation and procedure calls in pro-
gramming languages. The core of the approach is an ENVironment Stack (ENVS) 
that manages binding of names occurring in queries. ENVS consists of sections that 
determine “environments”. There are several kinds of environments, in particular, an 
environment of a database, of a user session, of a currently invoked proce-
dure/method, of a currently processed object, and so on. Each environmental section 
contains entities called “binders”. A binder relates a name that may occur in a 
query/program with a run-time (or database) program entity (usually an object identi-
fier). When a query interpreter binds a name in a query, it looks – from the top of 
ENVS through succeeding ENVS sections – for the closest binder with a proper 
name. This name binding obeys scoping rules similar to scoping rules in program-
ming languages. SBA uses also an auxiliary query result stack (QRES) for storing 
temporary and final result of (sub)queries.  



The Stack-Based Approach is explained through operational semantics (abstract 
implementation) of a query language, which is called “Stack-Based Query Language” 
(SBQL). SBQL is based on abstract syntax and orthogonal definition of operators thus 
it has the flavor of other theoretical approaches to query languages, such as rela-
tional/object algebras, calculi, etc. SBQL defines atomic queries that can be literals or 
names of variables e.g. 2, “Smith”, a, radius. More complex queries can built by 
combining simpler queries using unary and binary operators; for example, Employee 
where (Name = “Doe”), 2+2, exists Employee,  Employee.(Name, Salary) , etc.  

SBQL distinguishes two kinds of operators: algebraic and non-algebraic. The main 
difference is that evaluation of algebraic operators does not involve ENVS. In a query 
q1 ∆ q2, where ∆ is an algebraic operator, queries q1, q2 are evaluated independently 
and their results are combined according to the semantics of operator ∆. Evaluation of 
a query q1 θ q2, where θ is a non-algebraic operator, looks differently. In this case the 
query q2 is evaluated in the context determined by q1. The evaluation looks as fol-
lows: first q1 is evaluated; next, for each element e of the result of q1 the query q2 is 
evaluated. Before each such evaluation ENVS is augmented with a section containing 
the local environment of e. Finally, all q2 results are combined into the final result in 
the way depending on the operator θ. In the following we describe evaluation of alge-
braic and non-algebraic operators more precisely, because understanding of them is 
crucial to understanding our solutions in the SBQL Views prototype.  

SBQL also supports procedures and functional procedures with no restrictions on 
their computational complexity. Procedures can be defined with or without parame-
ters, can have local environment, and can have side-effects.  

We note that in the traditional setting database views are essentially (usually lim-
ited) stateless functional procedures (e.g. SQL views). View updating is defined (as a 
rule) via side effects of procedures, e.g. via references to database objects returned by 
a procedure invocation. This must lead to a lot of limitations and anomalies, which 
are then fixed by severe restrictions on possible view updates. In our approach we 
have rejected such an idea. Our view definitions are more complex programming enti-
ties than a single functional procedure. The approach is described in the following 
section. 

3.   Approach to View Updates 

The detailed description of the approach can be found in [KLPS02, KLS03]. We 
assume that a definition of view consists of a definition of virtual objects (as usual) 
and additional information describing intents of updates of virtual objects. The infor-
mation has form of procedures that overwrite generic updating operations that can be 
performed on the view. We identify four generic operations that can be performed on 
virtual objects: update of a value of the given object, insertion of a new object into the 
given object, deletion of the given object, and dereference that returns a value of the 
given object. In case of a view update these operations are overridden by calls of pro-
cedures from the view definition which have fixed names, correspondingly, 
on_update, on_insert, on_delete, and on_retrieve.  



A view definition consists of three main parts: (1) mapping between stored and vir-
tual objects, (2) declarations of the above-mentioned overwriting procedures, (3) 
definitions of subviews (attributes of virtual objects). The first part is a functional 
procedure that returns entities called seeds that ambiguously identify virtual objects 
and are parameters for the second and third parts of the definition. The view definer 
decides which operations should be defined for a given view. If an operation is not 
defined it is forbidden. A view can also contain other elements like definition of pro-
cedures, objects (for stateful views), classes, etc. A simple view definition (for data-
base containing data of computer components) might looks as follows: 
create view CheapComponentNameDef { 
 virtual objects CheapComponentName { 
                         return (Component where price < 100)  as p; } 
 on_retrieve do { return  capitalize( p . name ); } 
 on_delete do { if UserHasDeletePermission() then delete p; } 
 on_update new_name do {  
                         if UserHasUpdatePermission() then p . name := new_name; } 
} 

The view returns names of cheap computer components (the price is smaller than 
100). The view defines: the dereference operation that returns the capitalized name of 
a given component, the protected operation of deletion, and the protected operation of 
update that changes name of the component to the new value. We can call this view 
e.g. in the following request:  

(CheapComponentName as cn where cn = ”FN5600”) := “GeForce FX5600”   
Note the implicit call of on_retrieve when the interpreter performs the dereference 

of cn before comparison ‘=‘, and on_update when it performs ‘:=’. The example illus-
trates the most important features of our view mechanism i.e. transparency. The users 
operate on virtual objects in the same manner as they operate on stored objects and in 
fact, they do not have to be aware that a given object does not really exist and is only 
generated by the view.  

View update process. A query interpreter must distinguish updates on virtual data 
and updates on stored data. Thus we have introduced the notion of a virtual identifier. 
It is a counterpart of an identifier of a stored object. A virtual identifier, besides in-
formation on the seed of a virtual object, contains information on the definition of 
view that has generated the given virtual object.  

When the user performs an update operation on a virtual object, a query interpreter 
detects that it deals with a virtual object due to its virtual identifier. Thus instead of 
the generic update operation the interpreter calls the corresponding procedure defined 
within the view definition. The interpreter knows which operation is to be called due 
to view definition identifier included into the virtual identifier.  

4.   Basic Assumption and Architecture of the Prototype 

The main goal of the implementation was to check whether the proposed approach 
to view updates is feasible, easy in implementation and optimizable. The implementa-



tion fully proved that the approach is consistent and efficient. We have made the fol-
lowing assumption for the prototype: 
• The proposed approach to view updates has to be abstract and universal. It has to 

be applied to general object-oriented or XML-oriented models.  
• The prototype should be able to operate on multiple (possibly heterogeneous) 

data resources at the same time. 
• Besides developing implementation for a general object model we have to create 

a view mechanism for XML repositories. As far as we know, views for XQuery 
[XQuery03] are still an issue. 

The SBQL Views prototype is currently implemented as standalone Java applica-
tion, but it can also be used as an API to Java. Data from any database is seen by the 
prototype via wrapper that transforms the data to the form based on the SBA canoni-
cal data model M0. M0 supports nested object and relationships between them. In the 
model we have distinguished three types of objects: atomic objects, link objects (that 
models relationships between objects), and compound objects (that consist of other 
objects). Currently, there is only one working wrapper for data stored in the XML 
DOM format. Other wrappers are considered in the future. 
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Fig. 1. Architecture of the SBQL Views prototype 

The architecture of the SBQL Views prototype is depicted in Fig.1. The users ask 
queries via a graphical interface. A query is parsed by a parser of SBQL queries and 
then its syntactic tree is evaluated by the query interpreter. The interpreter uses the 



environment stack and the result stack. Finally, its result is displayed to the user. In-
dependently of queries, an administrator can introduce view definitions at any time. 
They are parsed and stored as complex objects within the local storage. The query in-
terpreter makes use of them during processing of queries. 

The SBQL Views prototype can at the same time work with multiple (possibly het-
erogeneous) data sources. Each of them is managed by a special connection object 
that delivers objects stored in the given location. 

5.   Description of the Prototype 

The prototype was built on the prototype implementation of SBQL for the XML 
DOM model [PH02]. The language has been extended with imperative and procedural 
features. In the following we describe basic modules of our prototype.  

5.1. Basic modules of SBQL View prototype 

Parser of Queries. In the prototype the user asks queries using a graphical interface. 
Queries are translated into query syntax trees that are input for query interpreter. A 
parser of queries that is used in SBQL Views prototype was generated by CUP Parser 
Generator for Java [CUP] basing on the grammar of SBQL. The parser generated by 
CUP uses a scanner that was generated by JFlex (the Fast Scanner Generator for Java) 
[JFlex]. This scanner, basing on an SBQL lexical structure, delivers basic tokens of 
queries like operators or literals. 
 
Query Interpreter. Query in the form of query syntax tree is delivered to query in-
terpreter. The interpreter evaluates a query using the Environment Stack and the Re-
sult Stacks in accordance with SBA. Here, we shortly describe algorithms of query 
evaluation within the prototype.  
 
1. If query q is an atomic query i.e. literal or name: 
procedure eval (q ) { // q is an atomic query 
 … 
              case q is a literal l: 
  push( QRES, l ); 
 case q is a name: 
  push( QRES, bind( n ) ); 
 …  
where operation bind binds given name n on ENVS. 
 
2. If query q involves an algebraic operator ∆: 

//q has the form ∆(q1) or q1 ∆ q2 
  case q is ∆( q1 ) :{ 
  var result_of_q1;  // auxiliary variable 



  eval( q1 ); 
  result_of_q1 := top( QRES );  pop( QRES ); 
  push( QRES, ∆ (result_of_q1) ); }; 
 case q is q1 ∆ q2: { 
  var result_of_q1, result_of_q2;  // auxiliary variables 
  eval( q1 ); 
  eval( q2 ); 
  result_of_q2:= top( QRES );  pop( QRES ); 
  result_of_q1:= top( QRES );  pop( QRES ); 
  push( QRES, result_of_q1 ∆  result_of_q2);}; 
  …  

3. If query q involves a non-algebraic operator θ (where, dot, join, quantifiers, etc.) 
the situation is a bit more complex. In this case we use an auxiliary function 
nested that for an argument r returns the following results: 
� If r is a single identifier of a complex object then nested returns binders to 

subobjects of given object. 
� If r is an identifier of a link object then nested returns binders to the object 

the link points to. 
� If r is a binder, then nested returns {r} (a set consisting of the binder). 
� If r is a structure struct{r1, r2, r3, ...}, then nested returns the sum of the re-

sults returned by nested for r1, r2, r3, .... 
� If r is a virtual identifier then nested returns binders to subviews of given 

view if there are any.  
� For other r nested returns an empty set. 

Non-algebraic operators are handled in the following way: 

 case q is q1 θ q2  and θ is a non-algebraic operator :{  
  var intermediate_result, tmp_result, final_result;   // aux. variables 

 eval( q1 ); 
 for each e in top( QRES ) do {        

   if e is virtual_identifier then  
                push( ENVS, binder to seed from virtual identifier); 
   push( ENVS, nested( e ) );          

  eval( q2 ); 
   tmp_result:= merge θ  ( e, top( QRES ) ); 
   intermediate_result:= intermediate_result U { tmp_result }; 

  pop( QRES ); pop( ENVS ); 
   if e is virtual_identifier then pop( ENVS ); 

 }; 
  final_result := aggregate θ ( intermediate_result );  

 pop( QRES );  
  push( QRES, final_result ); };  

} 
 



To support views we change a bit the function nested, which for a virtual identifier 
returns binders of subviews of the given view. We also modified the procedure eval 
for non-algebraic operators acting on a virtual identifier: we push a new section with 
the seed of the given virtual object on top of ENVS. In this way we send the seed pa-
rameter to procedures on_update, on_delete, on_insert, and to sub-views of the given 
view. 

The syntax of the query language accepted by the SBQL Views query interpreter is 
presented in the following section. 
 
Input data. SBQL Views prototype supports data from arbitrary sources if only there 
is implemented an appropriate wrapper. In the current version the prototype do not 
support classes, dynamic roles and inheritance, but it is clear how these features are to 
be implemented within SBA and therefore, it seems that they can be easily added to 
the prototype.  

The backend of the SBQL Views prototype operates on data in the SBA M0 ca-
nonical model. M0 distinguished three main types of data: atomic objects, link ob-
jects, and compound objects. Views and procedures are treated as kinds of atomic or 
complex objects. All these kinds of objects are specified as interfaces. Hence, in order 
to use our prototype with data in the format different from XML, one has to develop a 
set of classes that implements these interfaces for the target storage (in particular, 
there must be implemented basic operations for each kind of object (update, delete, 
insert, create) and a set of classes that manages connection with the given storage. 

5.2 Functionality of the SBQL Views prototype 

In this section we describe functionality of SBQL Views prototype and the syntax of 
the query language that is accepted by the prototype.  
 
Functionality related to query language. In our prototype user can ask queries and 
view their results. The graphical interface of the query language module is depicted in 
Fig. 2.  

Here, we present a simplified syntax of queries accepted by the SBQL Views proto-
type. The syntax is the following: 
 

query  ::= literal | name 
query  ::= unary_operator query 
query  ::= query binary_operator query 
query  ::= query non-algebraic_operator query 
non-algebraic_operator ::= where | . | depjoin 
query  ::= for any query holds query 
query  ::= for all query holds query 
query  ::= (query) 
query  ::= query as name 
query  ::= query group as name 

 



Fig. 2. Query evaluation window 

We have also implemented the following imperative operations: 
• assignment statement that allows to change the value of an object. The statement 

has form l-value := r-value. The statement assigns r-value (possibly after 
dereferencing) to the object with object identifier returned as l-value.  The syntax 
of the update statement in our prototype is the following: 

imperative_statement ::= query := query 
• delete statement that allows to delete arbitrary object(s). The statement deletes all 

objects with identifiers that are returned by query. The syntax of the delete state-
ment is the following: 

imperative_statement ::= del query 
• create statement that allows to create new variable(s). In the statement, first query 

is evaluated and next, there are created as many variables with name name as 
there is a multiplicity of the result of query. Flag where determines where newly 
created variable(s) should be placed – flag permanent means that it will be cre-
ated as root objects of our database whereas flag local means that object should 
be created in local environment (of the procedure, function, etc.) The syntax of 
the create statement for our prototype is the following: 

imperative_statement ::= create where name ( query ) 
where ::= permanent | local 



• insert statement that inserts object(s) into other object. The operation has two pa-
rameters - the first one is a query that returns an identifier of destination object 
and the second one is a query that returns set of objects to be inserted into the 
destination object. The syntax of the insert statement is the following: 

imperative_statement ::= insert( query, query ) 
All these imperative statements can be performed on stored objects as well as on 

virtual objects. Therefore, when the user calls one of these imperative statements, the 
query interpreter must be check whether the statement involves real or virtual object. 
If it deals with virtual objects the prototype instead of generic operation calls the cor-
responding procedure from body of view that has generated the given virtual object. 

In the SBQL Views prototype we have also introduced conditional statement if and 
the loop for each: 

conditional_statement ::= if query then query  
conditional_statement ::= if query then imperative_statement 
loop ::= for each query do statement 
statement ::= conditional_statement | imperative_statement 
 
In the SBQL Views prototype the user can define procedures and functional proce-

dures. All procedures (thus also views) can be recursive. We have implemented two 
classical methods of parameters passing: call-by-value and call-by-reference, with 
queries as parameters. The syntax is the following: 

procedure  ::= proc_header proc_body 
proc_header  ::= proc name | proc name ( param_list ) 
param_list  ::= param | param , param_list 
param   ::= query | ref query 
proc_body  ::= { statement_list } 
statement_list  ::= imperative_statement | imperative_statement; statement_list 
imperative_statement  ::= return query 

When a procedure is defined a corresponding binder is created and it is placed in 
base sections of the ENVS. Base sections contain, in particular, binders to database 
objects, binders to temporary objects of a user session, and binders to views 

Finally, the user can define views using the following syntax: 
view  ::= view_header view_body 
view_header ::= view name | view name ( param_list ) 
view_body ::= { virtual_objects_def view_operation_list subviews_list } 
virtual_objects_def  ::= create virtual name { proc_body }  
view_operation_list  ::=  view_operation | view_operation view_operation_list 
subviews_list  ::= view | view subviews_list 

The syntax of view_operation is the same as the syntax of procedures except fixed 
names (for procedures that describes operation on view). When a view is defined, two 
binders are created and placed in the base section of the ENVS: the first one is a 
binder to the view definition, and the second one is a binder to a procedure that de-
fines virtual objects. 



Functionality related to managing data sources. In the prototype we can: 
• mount a new source of data – when a new source of data is mounted there 

are placed corresponding binders in the base section of ENVS which allows 
to navigate over data stored in that source. 

• unmount any source of data – when a source of data is unmounted the corre-
sponding binders are deleted from the based section of ENVS (therefore, 
data from given source cannot be returned by any query). 

• re-read any source of data from given location. 
All these features are available through SBQL Views graphical interface. 
 

Fig. 3. View management window 

Functionality related to managing views. In the prototype we can: 
• browse views 
• update views 
• delete views 

A screenshot illustrating these functionalities is shown in Fig.3. 



6.   Comparison to Instead-of Triggers 

The approach to updates of views implemented in the SBQL Views prototype is simi-
lar to the instead-of triggers views implemented in Oracle and MS SQL Server. The 
idea of such triggers consists in associating with a view definition a special trigger 
that detects update operations on a virtual table and then calls specially designed pro-
cedures instead of generic update operations. Our approach to view updates has how-
ever advantages over the mechanism based on instead-of triggers. We enumerate sev-
eral of them: 
• Our views can address any kind of object-oriented, object-relational, or XML-

oriented databases rather than relational databases only. We can easily introduce 
to our mechanism classes and static inheritance, object roles and dynamic inheri-
tance, methods and message passing, polymorphism, encapsulation, etc. 

• In our approach a mapping between stored and virtual data can be defined 
through arbitrary procedures having full algorithmic power. In SQL a view is de-
fined by a single query, but because SQL is not algorithmically complete some 
more complex views are impossible to express.   

• In our approach we have introduced the possibility of redefinition of dereference 
operation (on_retrieve procedure) what can be very useful for many applications. 
In this way the user can take control not only on updating operations but also on 
retrieval ones, which may be important e.g. for security. There is no such a pos-
sibility within the instead-of triggers views. 

• We need not to introduce the event or exception notion, because the idea is based 
on overwriting of generic operations. Events or exceptions requires further no-
tions such as event registers and event handling blocks, which complicate im-
plementation, cause problems with optimizations and synchronization, and could 
be difficult for programmers. 

• In SQL when a view updating operation is called the view must be fully material-
ized (because the OLD variable must be properly filled in). Full materialization 
may cause performance problems. In our approach, due to the seed notion, we do 
not need to perform such materialization. In particular, we do not have to materi-
alize sub-views if it is not necessary in the given situation. We can also easily 
apply to our views the query modification technique [SuPl01]. 

• In SQL a definition of view and a definition of the corresponding trigger are 
separate entities. In our approach the definition of a view contains definition of 
operations; thus they constitute a conceptual whole. This supports encapsulation 
and is easier to manage. 

• In SQL all views are stateless. Our approach has no such limitation: we can in-
troduce to our view definition (to its compiled version) any objects and then 
manage them by procedures defined within the view. Stateful views are very im-
portant for many applications, e.g. for integration heterogeneous resources (stor-
ing the state of distributed transactions, storing the state of remote object activa-
tion, etc.). 



Summing up, we think that these advantages prove that our approach is at least 
worth-attention alternative for the instead-of triggers. 

7.   Conclusions 

In this paper we have presented the implementation results of the work that is con-
tinuation of the research presented last year at ADBIS [KLS03]. We have shown the 
main concepts of SBQL Views - a prototype of a novel approach to view updates. The 
implementation proved that proposed approach is feasible, consistent, easy in imple-
mentation and really operating. Our implementation currently addresses XML data, 
but as we have shown that it is possible to adopt it to any data source if there exists a 
wrapper supporting a corresponding data format. In this paper we have also shown 
advantages of our approach over instead-of triggers.  

The proposed approach to updateable views will be a basis for further research 
conducted within our group. We are now start implementation of a data intensive grid 
with integration of distributed heterogeneous resources through updateable views. 
SBQL views are now ported to another platform ODRA in the .NET environment.  
Another interesting research line connected with our updateable views concerns the 
novel approach to aspect-oriented programming (AOP).  
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