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Since Codd’s seminal work was introduced in 1970, data management has become a
leading research area of computer science. In practice, relational database management
systems (RDBMS) such as Oracle Database, MySQL, PostgreSQL, and so forth are
widely used. In relational databases, data are represented as collections of tables that
allow applications to not only query but also update the source data. Due to the
separation of applications and backend databases, database administrators usually
define logical tables, called views, over other source tables to expose only relevant data
computed by these views and hide other confidential data. View update is an important
mechanism that allows updates on a view by translating them into the corresponding
updates on the source tables. The existing literature has shown the ambiguity of view
updates that for a given update on the view, there are potentially many strategies to
update the source tables. Due to this ambiguity, it is challenging to automatically
determine view update strategies. Many practical database management systems such
as PostgreSQL, Oracle, and so forth can automatically deal with very simple updatable
views. For complex views, the database administrators need to take the responsibility
to define their own update strategies. However, manually writing view update strategies
is non-trivial and error-prone.

To address the aforementioned view update problem, we propose an effective
language-based approach for making view update strategies programmable. Specifically,
our approach allows using the Datalog language, a well-known data query language, to
completely write view update strategies. This is in sharp contrast to previous approaches
in which the view defining queries are enriched to capture some certain update
intentions. To reduce the user’s burden in programming view update strategies, we
propose algorithms to validate, optimize, debug, and compile the user-written programs
to run correctly in off-the-shelf relational database management systems.

First, we design a fragment of non-recursive Datalog for specifying view update
strategies. This fragment not only has good properties in theory but is also useful for
solving view updates in practical relational database management systems where views
are commonly defined in SQL without recursion. Since writing view update strategies
is error-prone, we propose a validation algorithm that statically checks the well-
behavedness of user-written programs and automatically derives from view update
strategies the corresponding view definition to confirm the one expected beforehand.

To improve the performance of view update strategy programs, we introduce a new



optimization method by incrementalizing the hand-written programs. We theoretically
prove the soundness and completeness of our approach and practically validate the
efficiency of the framework implementation by experiments on a benchmark collected
from real-world applications. The experiments show that our validation algorithm is
feasible for solving many view update strategies and our incrementalization can
significantly reduce the running time of view updates in practical relational database
management systems.

To enhance the ease of use of Datalog in programming view update strategies,
especially for the case that the user-written programs are not valid, we propose an
efficient approach to interactively debugging Datalog programs so that the user’s burden
is reduced. Specifically, we provide a syntax for users to specify properties of non-
recursive Datalog programs. We present a counterexample generator that verifies
specified properties and generates counterexamples to show unexpected behaviors of
user-written programs. We design a debugging engine combined with a dialog-based
user interface to assist users in locating bugs in the programs with the generated
counterexamples. We have implemented a prototype of our approach and demonstrated
its feasibility and efficiency.

We further extend our approach to allow using Datalog for programming view update
strategies on knowledge graphs in the RDF (Resource Description Framework) format.
Recursion is the key that gives Datalog the capabilities to exploit the graph structure of
RDF data. We formulate a view update strategy as the combination of two parts: a
recursive part, which implements recursive patterns, and a non-recursive one, which
consists of inner update strategies. On the one hand, the recursive Datalog rules of the
first part are pre-defined and pre-validated so that their well-behavedness is guaranteed.
On the other hand, we allow programmers to manually write the inner update strategies
in non-recursive Datalog, which are automatically validated. To guarantee the ease of
use of pre-defined recursive programs in constructing a new one, we extend Datalog
with a restricted form of higher-order predicate syntax. To improve the performance of
the Datalog programs, we propose an algorithm to transform all higher-order predicates
into equivalent first-order predicates that can be evaluated efficiently. We show the
expressiveness of our proposed approach by implementing several classes of view
update strategies for some common recursive patterns of RDF graphs.

We have implemented a framework for our proposed methods. To integrate our
framework with a relational database management system such as PostgreSQL, we
design a compilation algorithm to transform Datalog-written view update strategies into
procedural SQL code. The SQL program consists of all necessary statements for creating
an updatable view in the database. The updatable view uses trigger mechanisms to
automatically invoke the view update strategy in response to a single request or
transaction of view updates. Therefore, programmers can run Datalog programs in a
PostgreSQL database via our provided command-line tool or web-based user interface.
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