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1. MedMaker

1. What does the system focus on?

The system aims to integrate sources with unstructured, semi-structured data or changing schemas. It focuses on declarative mediator specification. A Mediator Specification language (MSL) is used as a view definition language to describe mapping between domain model and data sources.

MedMaker is a part of a work done for TSIMMIS information integration system.

2. What query language is used?

A slightly modified Mediator Specification language is used as a query language. It is an object-oriented extension to SQL and allows recursive views. This query language is considered to be powerful and simple. Below, an example of a query asking to retrieve all the data about ‘Joe Chung’ is given:

JC :- JC:<cs_person {<name ‘Joe Chung’>}>

3. What type of knowledge is used?

Object Exchange Model (OEM) is used to represent a domain model. OEM is a self-describing model, where each data item has an associated descriptive label. Each OEM object consists of an object id, a label that explains object’s meaning, a type and a value of the specified type. The model can be represented as a data guide.

GAV mappings are used to relate the domain model concepts to the concepts of integrated data sources. The Mediator Specification language is used to represent these mappings as a set of rules. The tail of the rule describes a pattern of objects that must be found at the sources, while the head describes the pattern of the objects of the integrated view. External predicates can be used as subgoals of the rule if there is need to reformulate data, e.g. to separate a first name and a last name from a common field “full name”.

Here is an example of a rule describing a domain model concept in terms of data source concepts.

<cs_person {<name N><rel R> Rest1 Rest2}> : - 
<person {<name N><dept ‘CS’>


<relationR>|Rest1}>@whois AND


decomp(N, LN, FN) AND


<R {<first_name FN><last_name LN>|Rest2}>@cs

The paper does not consider knowledge of query processing capabilities.
4. What query processing approach is used?

The query processing is based on the expanding queries using views and the pattern matching. It uses the global as view integration approach.

5. Draw components of the system and provide simple scenario of query processing. 
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A Mediator Specification Interpreter is responsible for the query processing. It collects and integrates a required information from the data sources, according to the mediator specifications. 

Below, main steps in the query processing are described. The figure 1 illustrates the system components involved in this process.

A user formulates a query using the domain model terminology and passes it to the retrieval system.

View expander and Algebraic Optimizer

a. At first the query is unfolded into data source concepts based on the GAV mappings. To achieve this the query tail conditions are matched with the heads of the stored rules. Unifiers and data merge rules are created in a case of match.

b. The conditions that the result source objects must satisfy are determined. The system tries to push conditions to the data sources.

Cost-based Optimizer

c. A query plan is developed at this stage. The Cost-based Optimizer specifies what queries will be sent to the sources, in what order they will be sent and how the results of the query will be combined. If wrappers do not provide cost and statistics information then the optimizer builds its own statistics or uses ad-hoc heuristics.

Datamerge Engine

d. The query plan is executed.

Wrappers
A wrapper stores information about the data source content as a set of OEM objects. It also stores rules that describe for each OEM object how to extract data from the data source.

e. A pattern of the provided subquery is matched to the stored rules trying to bind variables of the query subgoal to appropriate object components. As a result the wrapper produces the object that represents data retrieved from the data source.

Datamerge Engine

f. The result objects from the wrappers are collected and merged. To achieve this the Datamerge engine matches sets of bindings. The bindings need to agree on the values assigned to common variables. (Each data source provides a set of bindings as a querying result. The binding says what values were returned for each variable).

6. What are advantages of the system?

· The system can integrate both well-structured databases that have static schema and sources that do not have a regular schema or schema is often changing. 

· MSL mediator specifications are shorter and simple then object-oriented view definitions. The specifications are expressive enough to exploit regularities and complete knowledge of the schema.

· MedMaker provides solutions to the information integration problems.

7. Some other interesting features?

The paper discusses the problems that may appear while checking integrated views:

· schema-domain mismatch;

· schematic discrepancy;

· schema evolution;

· structure irregularities.

Information Manifold

1. What does the system focus on?

Information Manifold was created at AT&T Research. It aims to provide uniform access to large amount of data sources. Most of them are located on WWW and are queried through fill-out forms. The system deals with data sources that may store irrelevant or incomplete information, where database management systems are not full featured. The system does not allow updates, transactions, i.e. only data source querying.

2. What query language is used?

The system accepts conjunctive queries (select-project-join) with comparison predicates (e.g. y >= 1992) expressed in the domain model terms. The following query asks for models, prices and reviews of sportscars for sale that were manufactured no earlier than 1992:

q(m, p, r) <- CarForSale(c), Category(c, sportscar), Year(c, y), y >= 1992, 


Price(c, p), Model(c, m), ProductReview(m,y,r)

3. What type of knowledge is used?

A domain model (in the paper it is called a world view) is represented by a relational model, augmented with certain object-oriented features. The domain model includes relations, classes and set of attributes associated with each class. It allows to define class hierarchies, inclusion and functional dependencies. 

The system uses LAV mappings to specify a data source content. It also uses data source capability descriptions to represent which queries the source can answer about its content. The capabilities are described using capability records. Every source relation is associated with exactly one capability record of the form (Sin, Sout, Ssel, min, max). Sin – a set of attributes for which the data source requires a value. Sout – a set of attributes that can be returned from the data source. Ssel – a set of attributes on which the source can apply selections. Min – a number of attributes that the data source needs at least to bind. Max – a maximum number of selections accepted by the data source.

4. What query processing approach is used?

The query processing is based on the query rewriting using views. The information integration is supported by LAV mappings.

5. Draw components of the system and provide simple scenario of query processing.
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A user formulates a query in terms of the domain model and sends it to the retrieval system.

Relevance planner

A bucket algorithm is used to find all semantically correct query rewritings. The rewritings are received after few steps:

· Valid buckets for each query subgoal are created.

· A set of buckets is analyzed to formulate all the possible combinations of information sources, one from each bucket.

· Each query rewriting is checked if it is semantically correct with respect to the original query.

Execution planner

At this stage the system looks for executable ordering of subgoals of the query. It creates conjunctive query plans that specify the inputs and outputs of every subgoal and their order of execution.

Execution engine

The component accepts the query plan and takes care of its execution.

Wrappers (in the paper they are called Interface programs)

They accept the query formulated for a particular data source and returns the appropriate answer. Wrappers in the system are able to contact data source replicas if the original source is not available.

6. What are advantages of the system?

· Allows quickly and accurately model a large number of sources.

· Provides a way for the declarative source capability description.

· Uses the source descriptions to prune a set of information sources.
7. Some other interesting features?

The system has tools to automatically implement wrappers. The tool needs to be provided with information on correspondence between the variables used in the data source and the domain model, and then specify a grammar describing the format of the answers obtained from the source.

SIMS

(Services and Information Management for decision Systems)

1. What does the system focus on?

The system is developed at Information Sciences Institute, California and focuses on integration of heterogeneous databases and knowledge bases. It uses artificial intelligence techniques to integrate data: Loom knowledge base and Prodigy planning system.

2. What query language is used?

A query contains a description of a class of objects about which information is desired. This description is composed of statements in Loom knowledge representation language. An example query requests the value of the depth of the San Diego port:

(db-retrieve (?depth)

     (:and (port ?port)


(port.name ?port “SAN-DIEGO”)


(port.depth ?port ?depth)))

3. What type of knowledge is used?

The system is based on a knowledge of a domain model, data source models. All this information is stored by Loom knowledge representation system. Loom provides both a language and an environment for consturcting intelligent applications. A declarative knowledge in Loom consists of definitions, rules, facts, and default rules.

The SIMS’ domain model includes a hierarchical terminological knowledge base with nodes representing all objects, actions, and states possible in the domain. In addition, it includes indications of all relationships possible between nodes in the model.

The model of each data source indicates the data model used, query language, network location, size estimates, update frequency and describes the contents of its fields in terms of the domain model. A Loom Interface Module (LIM) automates a process of converting a data source schema to the Loom knowledge base representation. 

LAV mappings are used to relate data source concepts to domain concepts. Is_a relations implement these mappings.

4. What query processing approach is used?

The query processing problem is solved by applying variety of techniques from Artificial Intelligence: knowledge representation, planning.

5. Draw components of the system and provide simple scenario of query processing.

The figure 3 represents the main steps of the query processing in SIMS.
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A user formulates queries using either the domain model or the data source terminology and poses this query to the retrieval system.

Select data sources

To find relevant data sources to the query and to reformulate the query in terms of the data source concepts the system uses a Prodigy planning system. There is a list of reformulation operations treated as planning operators: data source selection, specialization, generalization, and concept partition. An initial state is a list of the query clauses that references individual domain model concepts and their associated constraints. A goal is to find mappings to the data source concepts. If it is possible, the planner directly maps the domain concepts to the data source concepts. Otherwise the query is reformulated in terms of the concepts that correspond to the database concepts.

Create query plan 

At this step SIMS creates a query plan for the query expressed in the data source terms. The Prodigy planning system is used to handle this task. At first it orders query operators in to the totally ordered plan. After that the dependency structure of the constraints on the query are analyzed and the totally ordered plan is converted into a partially ordered plan. At the end, subqueries that will be posed to the data source are formulated.

Reformulate query plan

The created access plan is reformulated to a less expensive semantically equivalent plan as a next step in the query processing. The module allows reformulate both subqueries to one data source and the whole query plan expressed over multiple data sources. A goal is to minimize computation cost and amount of intermediate data.

Execution engine

This component executes the reformulated query plan by performing local data manipulation and/or passing subqueries to the wrapper.

Wrapper/Loom Interface Module

SIMS handles direct queries to the Loom knowledge base and the Loom Interface Manager is used to resolve queries to Oracle databases. The LIM converts the query into the data source language and retrieved results from the data source to the Loom representation.

6. What are advantages of the system?
· SIMS provides uniform way for information source description.

· The query processing mechanism based on planning can determine a very complex relationship between the collection of information requested by the user and the data available from the various sources.

· It is easy to incorporate new data sources into the system.

· Frequently used information can be cashed.

· If there is no direct match to the data sources, then the system analyzes the domain model and tries to reformulate the query.

7. Some other interesting features?

SIMS has a graphical user interface that enables the user to inspect the plan in its various stages and to supervise its execution.

InfoSleuth

1. What does the system focus on?

InfoSleuth is an agent-based system for information gathering and analysis. It was developed at Microelectronics and Computer Technology Corporation. The system allows dynamically to adapt system to a changing environment. It monitors and reacts to changes in information sources, takes into account data availability and domain coverage.

2. What query language is used?

A query language comprises the main features of SQL2 plus includes the use of path expressions and functions. Here is an example of the query that asks for names and products of the companies that are located in Central Texas:

SELECT name, products FROM technology-company

WHERE technology-company.site in Central Texas

3. What type of knowledge is used?

An application domain is represented by a set of ontologies that describe domain objects, events, activities, and their relationships. The ontologies in the InfoSleuth are formulated using Open Knowledge Base Connectivity, or OKBC. The OKBC protocol provides a set of operations for a generic interface to underlying knowledge representation systems. Ontology agents maintain a knowledge base of the different ontologies and return ontology information as requested.

The domain ontologies may also contain declarative definitions of semantic constraints on classes. The constraints are used by a user agent that can discourage or forbid a user from posing a query on a particular class without specifying an adequate constraint. In such a way the system tries to prevent large result sizes, expensive query processing and increase a usability of the system.

The system has also information about the data sources that are described in the terms of the InfoSleuth ontologies. It is information about a data source content, services, query language syntax, performance, and other properties. These data is stored in the broker knowledge base and is provided by a corresponding resource agent.

4. What query processing approach is used?

The query processing is based on a pattern matching. A broker agent is responsible for syntactic matching of incoming messages, semantic matching on the basis of the requested capabilities or services, and pragmatic matching in order to filter a set of agents that satisfy the previous requirements, but do not provide required performance or security.

5. Draw components of the system and provide simple scenario of query processing.

User agents, broker agents, query agents and resource agents are directly involved in the query processing. Each of them is responsible for a particular task.

User agents

A user interacts with one of the user agents in order to help him/her to formulate ontology-based queries. The agent is also responsible of transforming a query results into a form accessible to the user.

Broker agents

The agents maintain a knowledge base of the information the agents advertise about themselves. The broker uses this knowledge to match requested services with agents (e.g. to match a user query with the agents that can answer it). When an agent comes on-line, it advertises itself to a broker and thus makes itself available for use. When the agent goes off-line, the broker removes its advertisement form the knowledge base.

Query agents

Multi-resource query agents process complex queries that require access to multiple heterogeneous data sources. The agents accept queries specified in terms of some domain ontology and coordinates the whole query processing.

Resource agents

A resource agent wraps a data source, extracts the data source content, mapping it to the relevant domain ontologies.

The following steps illustrate the InfoSleuth query processing (figure 4).
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a) The agent system dynamically identifies an agent interaction pattern appropriate to each query. Because of that a use agent needs to contact the broker agent to find out to which query agent the query should be sent.

b) The broker agent returns a name of the query agent to be contacted.

c) The user agent sends the request to the selected query agent.

d) The query agent performs logical query optimization trying to push select and project operations to the data sources in order to reduce the volume of data transmitted between agents. A next step in the query processing is to find a data sources relevant to the query. The query agent asks a broker for details of those resource agents that have advertised knowledge of the relevant portions of the ontology.

e) The broker analyses its knowledge base and returns the requested information on the data sources relevant to the query.

f ) and g) Having determined which resource agents can provide required information, the query agent decomposes the query and assigns operations to be performed by the relevant resource agents. After that it starts to execute the created query plan by sending subqueries to the selected resource agents.

h) and i) The resource agents extract information from the underlying data sources and return answers to the query agent.

j) The query agent assembles the received results from the data sources and returns the answer to the user agent.

6. What are advantages of the system?

· It is feasible to integrate various data sources: JDBC, text, flat files, and images.

· Few domain models can be supported by the system.

· InfoSleuth allows the resource agents to continually enter and leave the system.

7. Some other interesting features?

· Besides the core agents required for information retrieval and integration the system contains complex event monitoring, deviation detection, subscription agents. These agents add more advanced properties to the information gathering and analysis.

· The InfoSleuth provides a set of tools and Java templates to build resource agents with minimal or no programming. 

· The system deals with different types of mapping between application domain values and data source values. These types are overviewed in the paper.
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