DATABASES & DATABASE DESIGN

The need for databases arose from the proliferation of master files in file-oriented transaction systems (this caused problems with data maintenance).

We will focus on relational database systems.

DATABASES

• Focus is on data integration and sharing—data is an organizational resource.

• DBMS—control the data and interface between data and application programs.

• Database System—combination of DATA, DBMS and application programs.

• Database Administrator (manager)—person responsible for the database.

• Program-data independence—logical and physical views of data are separate from each other.  This means the programmers code logic without concern for physical location—greatly increases programming efficiency.


DBMS translates user requests at logical level into physical actions.

• Schema—the logical structure of the database.


Conceptual level—organization wide view of DB.


External level—user view of DB, subschema.


Internal level—low level, how are data stored.


Accountants are usually involved with conceptual and external levels.

• Data dictionary—information on the structure of the database (housekeeping).

DBMS usually maintains the data dictionary.


Data dictionary reports are useful as an audit trail.

• Three basic functions of database are: creating, changing, and querying data.

(1) Data definition language (DDL)—commands that build data dictionaries, create tables, specify data type and limitations on security of records and fields.

(2) Data manipulation language (DML)—used for updating, inserting, and deleting portions of databases (database maintenance).
(3) Data query language (DQL)—used to interrogate database, retrieves, sorts, orders, and reports subsets of data.


Limit access to (1) and (2) above.

RELATIONAL DATABASES

Data Model = abstract representation of the contents of a database.

Relational data model represents all data as being stored in the form of tables (relations).  This describes the conceptual and external level schemas but not the internal level schema (how data is physically stored).

Row = record = tuple = contains all data about a specific entity of the type of entity represented by the table.


Column = field = information about one attribute of each record.

CONSTRAINTS imposed by relational model—

• Primary key: unique, identify only one (i.e., a specific) record (row in table).  Cannot be null, entity integrity rule.
• Foreign key: null or have a value that corresponds to a value of the primary key (or part of the primary key if a compound primary key)  in another table (referential integrity rule).  Foreign key links tables.

• Each field in a table must be an attribute of the object identified by the primary key.

• Each field value must be single-valued.

• Each value in a column must be of the same data type.

• Order of rows or columns is not significant.

**  REMEMBER that databases do not auto-update like spreadsheets!
Potential problems of using tables to store data:


(1) update anomaly—solve by storing data internally once.


(2) Insert anomaly—solve by different tables for entities.

(3) Delete anomaly—solve by maintaining separate tables for entities.

(4) Blank rows (cells)—solve by using space efficiently.

DATABASE DESIGN

Two basic ways to design a relational database: 

(1) Normalization:  Assumption is that all data is stored in one large table!  Then a set of (normalization) rules are applied which will decompose the table into a set of normalized tables.
(2) Another approach is to use semantic data modeling (E-R & REA) to design a well-structured RDB.  This has certain advantages over normalization.  It requires knowledge about business processes and practices.  Data modeling results in a database that facilitates efficient communication between users.
**No matter which approach you use, we need to structure the database in 3NF for efficiency and elimination of anomalies.
Cardinality (maximum):  

Three possibilities for relationships between entities:


• 1 to 1 (1:1) 


• 1 to Many (1:N)


• Many to Many (M:N)

1-to-1 tables usually indicate that there may be unnecessary tables in the database design (so combine them).  When might 1-to-1 relationships be desirable?

Many-to-many relationships require an additional table (called either a: junction table, relationship table, bridge entity, composite or correlation table).  The junction table will contain at least the parent tables’ primary keys.

What are maximum cardinalities useful for?

Note that AIS text lists cardinalities different from BAS2007 &  Concepts….

See class handout – “Alternative ways to represent the same cardinality.”

TERMS

Concatenated keys (composite primary key) 

aka compound primary key

Nonkey attributes   not part of primary key

Candidate Keys  multiple possible primary keys

Alternative Keys  candidate keys not selected to be primary key

NORMALIZATION
Normalization is the process of following guidelines for designing relational tables to avoid certain anomalies:  update delete, and insert anomalies.

In RDBs, tables should be at least 3NF.

Unnormalized tables and 7 normal forms: 1NF, 2NF, 3NF, Boyce/Codd, 4NF, 5NF, and Domain/Key

Unnormalized tables: repeating groups, primary key has nulls.

1st normal form tables have no repeating groups, but anomalies still exist. Usually contains too much redundant data.  All tables with a primary key are in at least 1st normal form.

Tables are in 2NF if they have a single field (column) primary key or if each nonkey attribute depends on the entire (whole) primary key.

Tables are in 3NF if in 2NF and all transitive dependencies have been eliminated (i.e., if the only determinants it contains are candidate keys).  Each field is dependent on the whole primary key and no others (except alternative keys).

“Each table should store one fact and one fact only.”  

All attributes (fields) should contain only information about the entity (customers, invoices, salespersons, etc.).  

If 3NF tables are constructed properly, they will also be in 4NF.  (Put multiple repeating groups in separate tables.)

DATABASE DESIGN—six steps

(1) Planning—technological and economic feasibility of developing a new database system.

(2) Requirement Analysis—user needs, information needs, objectives, strategic goals, hardware/software requirements.

(3) Design—conceptual, logical, and physical

(4) Coding—write programs, modify existing and create new application programs.

(5) Implementation—test system, transfer data, train users.

(6) Operation & maintenance—monitor performance, enhance/modify system, evaluate obsolescence.

Depending on the expertise of the accountant, she will be involved in every stage.

DATABASE SYSTEMS INFLUENCE on the FUTURE of ACCOUNTING

(1) Double-entry accounting eliminated.

(2) Database access determines external reporting— on-line real-time financial statements.

(3) Accountants must be knowledgeable about databases and systems in order to audit firms and must be involved in designing systems to make sure that adequate controls are included to safeguard data and reliability of the information.

(4) Databases give a richer set of info for decision making.

DATA MODELING & DATABASE DESIGN

Data Modeling—process of defining a database such that it faithfully represents all key components in the environment, explicitly captures and stores data on all activities.

Entity-Relationship (E-R) diagrams

• One way to show a database schema.

• Shows entities (rectangles) modeled and relationships (diamonds) among them.  [No standard way to show relationships]
• REA diagram = an E-R diagram developed according to the REA data model.

• REA diagrams lead to a well-structured database and highlight types of activities engaged in by orgs.

Tools we use to build a data model of an AIS:


REA accounting model

• Identifies what entities should be included in AIS DB.

• Determines how to structure relationships among entities in AIS DB.

• Resources = objects which have value (assets).
• Events = activities that directly affect resources.
• Agents = groups of people about whom data are collected—to help plan, control, and evaluate the performance of basic activities.  Functions not specific persons

• Captures financial and nonfinancial data.

• Shows the basic pattern of relationship among: Resources, Events, and Agents.

         R             E                 A

Events must be linked to at least one Resource and two Agents.

Steps to develop REA diagrams


(1) Identify events that affect resources (e.g., sales).


(2) Identify agents and resources:

Agents represent specific functions not people.

Events must be linked to at least one resource and two agents.

(3) Specify cardinalities—number of occurrences of one entity that may be associated with a single occurrence of the other entity.  Determined by facts about the organization being modeled (not by designers).


In a RDB, cardinalities provide information about the number of rows in one table that are linked to a row in another table.
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