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Abstract Many recent proposals in the literature present easyto-use query languages, based on visual representations of the database and direct manipulation mechanisms. Such proposals essentially deals with conventional query operations, whereas little effort is devoted to investigate friendly environments for querying temporal databases. Nevertheless, temporal aspects are generally considered extremely relevant in several database applications. Thus, the various users should be provided with powerful and simple query systems also exhibiting temporal features. While attempting to meet this need, we propose a visual query system for temporal databses. It adopts a diagrammatic representation of the database schema (including temporal classes and relationships), on which conventional as well as temporal visual query operators can be applied. In this paper we concentrate on the temporal operators, showing both examples of usage and formalization.



1. Introduction As a consequence of the user-centered approach to the development of information systems, several research activities on easy-to-use visual query languages have been carried out in the past years (see [6] for a survey on visual query systems). Conventional query languages, such as SQL, are hardly aproachable by naive users, for both their intrinsic syntatical complexity and the lack of a global view of the data of interest and their interrelationships. Indeed, it is difficult to capture complex structural information through relational tables [24], where the objects have to be decomposed into many parts and reassembled through sophisticated join operations. Similar problems also occur with textual query languages for temporal databases. Proposals exist based on SQL extensions, such as TSQL[22], HSQL[23], TSQL2[29], and object-oriented languages, such as OQL/T[30] where special clauses and predicates are added to the original language in order to manipulate the temporal aspects. However, there is



little research concerning user-centered query interfaces for temporal databases in spite of numerous papers that were published considering the temporal factor relevant in several modern database aplications (see [34] for the last temporal database bibliography update). As efforts were made to find new visual query mechanisms for accessing conventional databases, this should be done for temporal databases. Adequate conceptual schemata are needed and new visual mechanisms must be found in order to manipulate the temporal aspects. Such temporal aspects must be integrated with other components of traditional semantic modeling. The visual operators should be as powerful as the textual languages, and much easier to use in order to meet the needs of the various classes of users. This paper presents a visual query language for historical databases (TVQOs, Temporal Visual Query Operators), based on a temporal extension of the Graph Model [3], [5], [7]. The language is presently being implemented on top of an object-oriented database. The Graph Model has been originally proposed in [3] as a graph-based formalism for representing and querying databases. This formalism is suitable to give a precise semantics to complex visual representations and is general enough to formalize, in principle, a database expressed in any of the most common data models. A Graph Model DataBase (GMDB) is a triple , where g is a Typed Graph, c is a set of Constraints, and m is an Interpretation. The schema of a database, i.e. its intensional part, is represented by the Typed Graph and the set of Constraints. The instances of a database, i.e. its extensional part, are represented by the notion of Interpretation. The querying primitives of the formalism, although constituted solely by two elementary graphical actions, namely the selection of a node and the drawing of an edge, are at least as expressive as the relational algebra. In this paper the Graph Model has been extended to model the temporal aspects of classes and relationships, and the original set of query operators has been enriched by adding two specific temporal operators: Snapshot and Slice for temporal selection and temporal projection [19]. This



extension allows the user to specify even complex temporal queries in an easy-to-use and higly interactive visual environment. The rest of this paper is organized as follows. Section 2 presents an example of use of the visual environment, with particular emphasis on the temporal aspects. Section 3 outlines some basic aspects of the formalization. Finally, Section 4 deals with some related work and draws the conclusions. A preliminary version of this work has been published in [27].



results do not apply to temporal values only). It is worth noting that this classification does not include queries referring to incomplete temporal information.



Data Selection/Temporal Projection Data Selection/Mixed Projection Temporal Selection/Data Projection Temporal Selection/Mixed Projection Mixed Selection/Data Projection Mixed Selection/Temporal Projection Mixed Selection/Mixed Projection



2. Visually Expressing Temporal Queries Most of the visual query interfaces for databases specify the query using direct manipulation [26] of the visual components representing classes and relationships in the conceptual schema. We follow the same approach and in this section we show some examples of query formulation through TVQOs.



Slice Query ex. 4



ex. 1 ex. 6 ex. 2 ex. 7 ex. 5



Table 1. Different Query Types In the following examples we ilustrate seven distinct cases in Table 1: 1.What were the salaries of employees at 10/01/95? 2.What was the salary of ‘John’ when he changed his status? 3.Since when does 'John’ own more than 5,000? 4.What is the history of the salaries of the database group? 5.What was the last salary of employees who started working for more than 1,000? And since when? 6.What is the history of the salaries of the employees during the period 01/01/95-31/12/95? 7.Which is the period that ‘John’ worked at personal department during 1990-1995?



2.1. Temporal Visual Query Operators A taxonomy for temporal queries is proposed in [19]. That document contains a survey of the most common teminology used in temporal databases as result of a several debates on temporal databases. According to [19], a temporal query has two ortogonal components: temporal selection and temporal projection. Temporal selection is a logical condition, based on a predicate that involves the time associated with the facts. The temporal projection returns the time values associated to the data derived from temporal selection. In [10] the possible combinations between temporal selection/projection over time and data were analysed, resulting into: data selection/data projection, where conditions and results apply to data values only; temporal selection/temporal projection, where conditions and results apply to temporal values; and mixed selection/mixed projection, where conditions and results apply to both data and temporal values. In our approach, we use the snapshot operator for the extraction of an instantaneous fact (valid at a single time instant) and the slice operator for the extraction of a historical fact (with a longer lifetime). In this case, the domain of temporal queries is constituted by historical databases according to valid time measure [28]. Combining the classification proposed in [10] with our approach results in fourteen types of primitive queries, as can be seen from Table 1. According to [10] we do not consider the combinations data selection/data projection and temporal selection/temporal projection (the former represents a conventional query and the latter is impossible to represent in a temporal query since conditions and



Snapshot Query ex. 3



Note that examples 1, 2, 3 e 5 retrieve information concerning a single time instant, whereas the other examples refer to a time slice. TVQOs may be applied to both temporal classes and temporal relationships. For instance, Figure 2.1 shows a symbolical representation of the application of both operators to a temporal relationship EMPLOYEEhasSALARY (salary history). Note that the snapshot operator returns the salary of only one time interval whereas the slice operator returns the salaries of one or more time intervals. Snapshot



Slice



sal 1 sal 2 sal 3 Last Salary Salary History Time



sal 1 sal 2 sal 3 Last Salary Salary History Time



Figure 2.1. TVQOs on a Salary History



2.2. Examples of Interaction The user starts interacting with a diagrammatic representation of a GMDB1 containing information on employees and employement agencies (see Fig. 2.2, 1



Since both the Graph Model and the associated Graphical Primitives consist of elementary graphical elements, it is possible to use them as basic constituents of more complex existing visual representations (i.e., E-R diagrams, object networks, etc.) and visual query languages, so giving them a formal semantics independent of the underlying data model.



where, for the sake of simplicity, not all relationships are visualised). Name
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Relationship Generalization



, indicates that the relationship works-for between classes EMPLOYEE and ENTERPRISE (also denoted as EMPLOYEEworksforENTERPRISE) has minimum and maximum cardinalities equal to one. The notation 
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