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				Chapter 1 Notes for Module 1
 What is a computer file system, and what are its problems?
 A computer file system stores data in independent, unrelated files on disk. The sharing, security and integrity of the data can’t be enforced efficiently because of data dependence and data redundancy problems.
 What are the DBMS functions, and why are they important?
 A proper database system eliminates data dependence and improves data integrity by minimizing data redundancy. Please note that good database design is the key to reaping the rewards of a proper database system. The best programmers and applications developers cannot rescue a database system from the effects of poor database design.
 Describe the database environment and the different types of database systems.
 The DBMS is an important component of the database environment, but this environment also includes different types of hardware and software, people who perform different functions within the environment, procedures designed to accomplish desired activities, and data. The data constitute the database’s central component through which information is generated. The main purpose of the database environment is to help an organization perform its mission and achieve its goals. Review Figure 1.7 in the text.
 Note that the database administrator writes and enforces the procedures and standards that are then used by designers, analysts, programmers, and end users. The end users use the application programs created by analysts and programmers. Analysts wear two hats. They are end users in that they perform analysis based on the application programs. They also help produce application programs by collaborating with programmers to define the parameters of the applications. In turn, the application programs make use of the DBMS, which manages the data. Note also that the database designer and the database administrator perform their jobs through the interface. The interface is the gateway to the database, which resides within the hardware. Finally, the System Administrator manages the entire system.
 What is a Database Model?
 A database model is a collection of logical constructs used to represent the database’s data structure as well as the data relationship(s) found within that structure. Types of conceptual database models include: E-R, Object Oriented, and semantic. Implementation database models include: hierarchical, network, and relational. These models represent data relationships: 1:1, 1:M, and M:N.
 Why is database design so important?
 Modern database-and-applications development software is so easy to use that many people can quickly learn to implement a simple database and develop simple applications within a week or so, without giving design a thought. As data and reporting requirements become more complex, those same people will simply produce the required add-ons. That’s how data redundancies and all their attendant anomalies develop, thus reducing the “database” and its applications to a status worse than useless. Remember: good applications can’t overcome bad database designs. The existence of a DBMS does not guarantee good data management, nor does it ensure that the database will be able to generate correct and timely information. Ultimately, the end user and the designer decide what data will be stored in the database. Most current DBMSs are based on the relational model. The relational model is conceptually simpler than the hierarchical and network models. Database design is a process that, in effect, yields a detailed database blueprint. This blueprint, usually in the form of an E-R diagram or ERD, is used as the basis for database implementation.
 
	

			
			


		
	
		
			
	
		

		

								

	
				Chapter 2 Notes for Module 2
 Why is data modeling so important to the database designer?
 We are said to live in an information age, and data constitute the most basic information units employed by an information system. Data modeling provides a way to reconcile the very different end-user views of the nature and role of data. A data model is an abstraction, providing a relatively simple representation of complex real-world data structures. The model’s function is thus to help us understand the complexity of a real-world data environment. Such understanding is likely to yield useful solutions to the problems inherent in creating, using, and managing data. If a database is to be useful and flexible, it must be well designed. The database design process must be based on an appropriate data model if it is to yield a proper blueprint of the design.
 What are business rules, what is their source, and why are they crucial?
 Business rules are precise statements, derived from a detailed description of the organization’s operations, that define one or more of the following modeling components.
 	entities in the E-R model correspond to a table
 	relationships are associations between entities
 	attributes are characteristics of entities
 	connectivities are used to describe the relationship classification
 	cardinalities express the specific number of entity occurrences associated with one occurrence of the related entity
 	constraints are limitations on the type of data accepted
 
 Because the business rules form the basis of the data modeling process, their precise statement is crucial to the success of the database design. And, because the business rules are derived from a precise description of operations, much of the design’s success depends on the accuracy of the description of operations. Examples of business rules are: An invoice contains one or more invoice lines, but each invoice line is associated with a single invoice. A store employs many employees, but each employee is employed by only one store. A college has many departments, but each department belongs to a single college. (This business rule reflects a university that has multiple colleges such as Business, Liberal Arts, Education, Engineering, etc.) A driver may be assigned to drive many different vehicles, and each vehicle can be driven by many drivers. (Note: Keep in mind that this business rule reflects the assignment of drivers during some period of time.) A client may sign many contracts, but each contract is signed by only one client. A sales representative may write many contracts, but each contract is written by one sales representative. Note that each of the preceding business rules describes a two-way relationship between the main components. This practice reflects the implementation by many of the available CASE tools.
 Naturally, the business rules may be decomposed to show only one direction of a relationship at a time. For example, the first bulleted business rule may be decomposed into these two components: An invoice contains one or more invoice lines. Each invoice line is associated with a single invoice. Keep in mind that the E-R diagrams cannot always reflect all of the business rules. For example, the business rule a customer cannot be given a credit line over $10,000 unless that customer has maintained a satisfactory credit history (as determined by the credit manager) during the past two years is a constraint that cannot be shown in the E-R diagram. The business rule reflected in this constraint would be handled at the applications software level through the use of a trigger or a stored procedure.
 What is the evolution of data models?
 Reasons for studying file systems:
 	Complexity of database design is easier to understand
 	Understanding file system problems helps to avoid problems with DBMS systems
 	Knowledge of file system is useful for converting file system to database system
 	File systems typically composed of collection of file folders, each tagged and kept in cabinet
 	Organized by expected use
 	Contents of each file folder are logically related
 	Manual systems
 	Served as a data repository for small data collections
 	Cumbersome for large collections
 	Computerized file systems
 	Data processing (DP) specialist converted computer file structure from manual system
 	Wrote software that managed the data
 	Designed the application programs
 	Initially, computer file systems resembled manual systems
 	As number of files increased, file systems evolved
 	Each file used its own application program to store, retrieve, and modify data
 	Each file was owned by individual or department that commissioned its creation
 
 What are the degrees of data extraction?
 The External Model: The external model is the end users’ view of the data environment. The Conceptual Model: The conceptual model represents a global view of the entire database as viewed by the entire organization. The Internal Model: The internal model is the representation of the database as “seen” by the DBMS. In other words, the internal model requires the designer to match the conceptual model’s characteristics and constraints to those of the selected implementation model. The Physical Model: The physical model operates at the lowest level of abstraction, describing the way data are saved on storage media such as disks or tapes.
 
 Chapter 3 Notes for Module 2
 What is a relational database, and how does its logical structure differ from that of the network and hierarchical databases?
 In hierarchical and network databases, the physical structure closely resembles the logical structure. For example, the hierarchical database’s preorder traversal — its hierarchic sequence — matches the database’s physical access paths to the data. This arrangement makes it difficult to visualize the logical database structure and it requires the database designer to have a firm understanding of the database’s physical environment. In contrast, the relational model’s focus is on the logical (conceptual) structure, rather than on the physical aspects of the database. The relational DBMS handles most of the physical details. Therefore, the relational database model, with its conceptual tables, is much more “people-friendly” than its hierarchical and network predecessors. Contrast the hierarchical/network database structure with that of the relational database, in which a logical view of data is easily maintained by letting each entity set be contained in a separate table. These tables are then linked through the use of shared attributes known as primary/foreign keys. It is worthwhile to remember that, although the relational database’s logical focus and its DBMS make its design, implementation, and management relatively easy, the relational database does not entirely eliminate the need to understand its physical components. For example, access efficiency may be greatly affected by the location of tables and indexes, as well as their composition. Oracle, for example, uses cluster tables to improve the efficiency of pointer movements.
 What is a relational database table, and what are its components?
 The relational database table is a logical structure that houses related entities. This logical structure is visualized as a matrix composed of intersecting rows, one for each entity, and columns, one for each attribute. Make sure you understand that the table stores an entity set. Note that, unfortunately, entity and entity set are often used interchangeably in the literature. In fact, the Entity Relationship (E-R) model’s language never mentions the entity set and just uses entity instead of entity set. Since we must abide by the E-R model’s conventions when we use E-R modeling techniques, it is useful to remember this potentially confusing vocabulary usage. Note that the logical (matrix) view of a table is not physically stored on disk this way. However, the RDBMS takes care of the physical storage details to let us concentrate on the logical structure, thereby making it much easier to visualize what’s happening in the database. Remember that tables are related through the use of common columns.
 What are keys? What types of keys may be found within a relational database, and what are their functions?
 Keys are used as entity identifiers. The following descriptions are important.
 	SUPERKEY: An attribute (or combination of attributes) that uniquely identifies each entity in a table.
 	CANDIDATE KEY: A minimal superkey. A superkey that does not contain a subset of attributes that is itself a superkey.
 	PRIMARY KEY: A candidate key selected to uniquely identify all other attribute values in any given row. Cannot contain null entries.
 	SECONDARY KEY: An attribute (or combination of attributes) used strictly for data retrieval purposes.
 	FOREIGN KEY: An attribute (or combination of attributes) in one table whose values must match the primary key in another table or whose value must be null.
 
 How is database integrity assured within the relational database environment?
 Data integrity is important. Realize that the effects of uncontrolled data redundancy can be devastating. The relational database makes use of controlled redundancy to maintain integrity while linking related tables.
 Why would you want to have a data dictionary, and how would you use it?
 Most RDBMSs automatically create data dictionaries when a database design is implemented. Database designers must create and update a simple data dictionary to keep track of the entities and attributes as the design begins to take shape. The lack of a data dictionary makes it difficult to keep track of attributes and virtually guarantees the insertion of homonyms and synonyms.
 	ENTITY INTEGRITY : All entries are unique. No null entries in a primary key. Guarantees that each entity will have a unique identity.
 	REFERENTIAL INTEGRITY: Foreign key must have either a null entry or a matching entry. Makes it possible for an attribute NOT to have a corresponding attribute, but it will be impossible to have an invalid entry.
 
 What are relational operators, and what is the purpose of having them?
 The reason for having databases in the first place is to be able to retrieve and manipulate data easily and reliably. Relational operators, based on the relational algebra functions SELECT, PROJECT, JOIN, INTERSECT, UNION, DIFFERENCE, PRODUCT, and DIVIDE, help make it possible to let us have effective and efficient data retrieval and manipulation. Note that the degree to which these operators are supported defines the extent of “relational completeness.” SQL will be used in Chapter 5 to demonstrate the use of relational operators.
 How are entity relationships displayed, and why is it so important to display them?
 Such relationships are displayed through the use of E-R models. E-R models will be the basis for our database design activities. In other words, the E-R models will become the database blueprints.
 How are M:N relationships handled in the development of an E-R diagram?
 Although M:N relationships may properly be viewed in a relational database model at the conceptual level, such relationships should not be implemented, because their existence creates undesirable redundancies. Therefore, M:N relationships must be decomposed into 1:M relationships to fit into the E-R framework.
 For example, if you were to develop an E-R model for a video rental store, you would note that tapes can be rented more than once and that customers can rent more than one video tape. It seems reasonable to keep in mind that newly-arrived tapes that have just been entered into inventory have not yet been rented and that some tapes may never be rented at all if there is no demand for them.
 Therefore, CUSTOMER is optional to TAPE. Assuming that the video store only rents videos and that a CUSTOMER entry will not exist unless a person coming into the video store actually rents that first tape, TAPE is mandatory to CUSTOMER.
 The relationship between customers and tapes would thus be M:N. TheM:N relationship must be broken up into two 1:M relationships through the use of a bridge entity, also known as a composite entity. The composite entity, named RENTAL in the example is composed of at least the primary key components of the two entities it bridges, because the RENTAL’s foreign keys must point to the primary keys of the two entities CUSTOMER and TAPE.
 And, because a tape that is never rented will never show up in the RENTAL entity, RENTAL has become optional to TAPE. Each rental transaction, i.e., each record in the RENTAL table, will reference one and only one customer and one and only one tape.
 
	

			
			


		
	
		
			
	
		

		

								

	
				Chapter 4 Notes for Module 3
 Entity Relationship Model
 	Basis of an entity relationship diagram (ERD)
 	ERD depicts the: 	    Conceptual database as viewed by end user
 	    Database’s main components 	          Entities
 	          Attributes
 	          Relationships
 
 
 
 
 	Entity – Refers to the entity set and not to a single entity occurrence
 
 Attributes
 	Characteristics of entities
 	Required attribute: Must have a value, cannot be left empty
 	Optional attribute: Does not require a value, can be left empty
 	Domain – Set of possible values for a given attribute
 	Identifiers: One or more attributes that uniquely identify each entity instance
 	Composite identifier: Primary key composed of more than one attribute
 
 	Composite attribute: Attribute that can be subdivided to yield additional attributes
 
 	Simple attribute: Attribute that cannot be subdivided
 
 	Single-valued attribute: Attribute that has only a single value
 
 	Multivalued attributes: Attributes that have many values
 
 	Multivalued attributes: Attributes that have many values and require creating:
 	Several new attributes, one for each component of the original multivalued attribute
 
 	A new entity composed of the original multivalued attribute’s components
 
 
 
 	Derived attribute: Attribute whose value is calculated from other attributes 	Derived using an algorithm
 
 
 
 Relationships
 	Association between entities that always operate in both directions
 	Participants: Entities that participate in a relationship
 	Connectivity: Describes the relationship classification
 	Cardinality: Expresses the minimum and maximum number of entity occurrences associated with one occurrence of related entity
 
 Weak Entity
 	Conditions 	Existence-dependent
 	Has a primary key that is partially or totally derived from parent entity in the relationship
 
 
 	Database designer determines whether an entity is weak based on business rules
 
 Relationship Degree
 	Indicates the number of entities or participants associated with a relationship
 	Unary relationship: Association is maintained within a single entity 	Recursive relationship: Relationship exists between occurrences of the same entity set
 
 
 	Binary relationship: Two entities are associated
 	Ternary relationship: Three entities are associated
 
 Associative Entities
 	Also known as composite or bridge entities
 	Used to represent an M:N relationship between two or more entities
 	Is in a 1:M relationship with the parent entities 	Composed of the primary key attributes of each parent entity
 
 
 	May also contain additional attributes that play no role in connective process
 
 Developing an ER Diagram
 	Create a detailed narrative of the organization’s  description of operations
 	Identify business rules based on the descriptions
 	Identify main entities and relationships from the business rules
 	Develop the initial ERD
 	Identify the attributes and primary keys that adequately describe entities
 	Revise and review ERD
 
 Chapter 5 Notes for Module 3
 What is an entity supertype, and why is it used?
 An entity supertype is a generic entity type that is related to one or more entity subtypes, where the entity supertype contains the common characteristics and the entity subtypes contain the unique characteristics of each entity subtype. The reason for using supertypes is to minimize the number of nulls and to minimize the likelihood of redundant relationships.
 What kinds of data would you store in an entity subtype?
 An entity subtype is a more specific entity type that is related to an entity supertype, where the entity supertype contains the common characteristics and the entity subtypes contain the unique characteristics of each entity subtype. The entity subtype will store the data that is specific to the entity; that is, attributes that are unique the subtype.
 What is a specialization hierarchy?
 A specialization hierarchy depicts the arrangement of higher-level entity supertypes (parent entities) and lower-level entity subtypes (child entities). To answer the question precisely, we have used the text’s Figure 5.2. (We have reproduced the figure on the next page for your convenience.) Figure 5.2 shows the specialization hierarchy formed by an EMPLOYEE supertype and three entity subtypes—PILOT, MECHANIC, and ACCOUNTANT.
 What is a subtype discriminator?
 A subtype discriminator is the attribute in the supertype entity that is used to determine to which entity subtype the supertype occurrence is related. For any given supertype occurrence, the value of the subtype discriminator will determine which subtype the supertype occurrence is related to. For example, an EMPLOYEE supertype may include the EMP_TYPE value “P” to indicate the PROFESSOR subtype.
 What is an overlapping subtype?
 Overlapping subtypes are subtypes that contain non-unique subsets of the supertype entity set; that is, each entity instance of the supertype may appear in more than one subtype. For example, in a university environment, a person may be an employee or a student or both. In turn, an employee may be a professor as well as an administrator. Because an employee also may be a student, STUDENT and EMPLOYEE are overlapping subtypes of the supertype PERSON, just as PROFESSOR and ADMINISTRATOR are overlapping subtypes of the supertype EMPLOYEE. The text’s Figure 5.4 (reproduced next for your convenience) illustrates overlapping subtypes with the use of the letter O inside the category shape.
 What is the difference between partial completeness and total completeness?
 Partial completeness means that not every supertype occurrence is a member of a subtype; that is, there may be some supertype occurrences that are not members of any subtype. Total completeness means that every supertype occurrence must be a member of at least one subtype.
 
	

			
			


		
	
		
			
	
		

		

								

	
				Chapter 6 Notes for Module 4
 What is Normalization?
 Normalization is the process for assigning attributes to entities. Properly executed, the normalization process eliminates uncontrolled data redundancies, thus eliminating the data anomalies and the data integrity problems that are produced by such redundancies.
 Normalization does not eliminate data redundancy; instead, it produces the carefully controlled redundancy that lets us properly link database tables.
 	Evaluating and correcting table structures to minimize data redundancies
 	Reduces data anomalies
 	Assigns attributes to tables based on determination
 	Normal forms
 	First normal form (1NF)
 	Second normal form (2NF)
 	Third normal form (3NF)
 
 What is the Normalization Process?
 	Objective is to ensure that each table conforms to the concept of well-formed relations 	Each table represents a single subject
 	No data item will be unnecessarily stored in more than one table
 	All nonprime attributes in a table are dependent on the primary key
 	Each table is void of insertion, update, and deletion anomalies
 
 
 
 When is a table in 1NF?
 A table is in 1NF when all the key attributes are defined (no repeating groups in the table) and when all remaining attributes are dependent on the primary key. However, a table in 1NF still may contain partial dependencies, i.e., dependencies based on only part of the primary key and/or transitive dependencies that are based on a non-key attribute.
 When is a table in 2NF?
 A table is in 2NF when it is in 1NF and it includes no partial dependencies. However, a table in 2NF may still have transitive dependencies, i.e., dependencies based on attributes that are not part of the primary key.
 When is a table in 3NF?
 A table is in 3NF when it is in 2NF and it contains no transitive dependencies.
 When is a table in BCNF?
 A table is in Boyce-Codd Normal Form (BCNF) when it is in 3NF and every determinant in the table is a candidate key. For example, if the table is in 3NF and it contains a nonprime attribute that determines a prime attribute, the BCNF requirements are not met. (Reference the text’s Figure 6.8 to support this discussion.)This description clearly yields the following conclusions:
 	If a table is in 3NF and it contains only one candidate key, 3NF and BCNF are equivalent.
 	BCNF can be violated only if the table contains more than one candidate key. Putting it another way, there is no way that the BCNF requirement can be violated if there is only one candidate key.
 
 What are the types of functional dependencies?
 	Partial dependency: Functional dependence in which the determinant is only part of the primary key 	Assumption – One candidate key
 	Straight forward
 	Easy to identify
 
 
 	Transitive dependency: An attribute functionally depends on another nonkey attribute
 
 
	

			
			


		
	
		
			
	
		

		

								

	
				Chapter 7 Notes for Module 5
 In a SELECT query, what is the difference between a WHERE clause and a HAVING clause?
 Both a WHERE clause and a HAVING clause can be used to eliminate rows from the results of a query.  The differences are 1) the WHERE clause eliminates rows before any grouping for aggregate functions occurs while the HAVING clause eliminates groups after the grouping has been done, and 2) the WHERE clause cannot contain an aggregate function but the HAVING clause can.
 How are errors created and what can be done to fix them?
 Why the following command would create an error, and what changes could be made to fix the error?
       SELECT V_CODE, SUM(P_QOH) FROM PRODUCT;
 The command would generate an error because an aggregate function is applied to the P_QOH attribute but V_CODE is neither in an aggregate function or in a GROUP BY.  This can be fixed by either 1) placing V_CODE in an appropriate aggregate function based on the data that is being requested by the user, 2) adding a GROUP BY clause to group by values of V_CODE (i.e. GROUP BY V_CODE), 3) removing the V_CODE attribute from the SELECT clause, or 4) removing the Sum aggregate function from P_QOH.  Which of these solutions is most appropriate depends on the question that the query was intended to answer.
 What type of integrity is enforced when a primary key is declared?
 Creating a primary key constraint enforces entity integrity (i.e. no part of the primary key can contain a null and the primary key values must be unique).
 Why might be more appropriate to declare an attribute that contains only digits as a character data type instead of a numeric data type?
 An attribute that contains only digits may be properly defined as character data when the values are nominal; that is, the values do not have numerical significance but serve only as labels such as ZIP codes and telephone numbers.   One easy test is to consider whether or not a leading zero should be retained.  For the ZIP code 03133, the leading zero should be retained; therefore, it is appropriate to define it as character data.  For the quantity on hand of 120, we would not expect to retain a leading zero such as 0120; therefore, it is appropriate to define the quantity on hand as a numeric data type.
 What is the difference between a column constraint and a table constraint?
 A column constraint can refer to only the attribute with which it is specified.  A table constraint can refer to any attributes in the table.
 What are “referential constraint actions”?
 Referential constraint actions, such as ON DELETE CASCADE, are default actions that the DBMS should take when a DML command would result in a referential integrity constraint violation.  Without referential constraint actions, DML commands that would result in a violation of referential integrity will fail with an error indicating that the referential integrity constrain cannot be violated.  Referential constraint actions can allow the DML command to successfully complete while making the designated changes to the related records to maintain referential integrity.
 What is the difference between an ORDER BY clause and a GROUP BY clause?
 An ORDER BY clause has no impact on which rows are returned by the query, it simply sorts those rows into the specified order.  A GROUP BY clause does impact the rows that are returned by the query.  A GROUP BY clause gathers rows into collections that can be acted on by aggregate functions.
 What is the difference between the COUNT aggregate function and the SUM aggregate function?
 COUNT returns the number of values without regard to what the values are.  SUM adds the values together and can only be applied to numeric values.
 Why is it preferable to use a DATE data type to store date data instead of a character data type?
 The DATE data type uses numeric values based on the Julian calendar to store dates.  This makes date arithmetic such as adding and subtracting days or fractions of days possible (as well as numerous special date-oriented functions discussed in the next chapter!).
 What is a recursive join?
 A recursive join is a join in which a table is joined to itself.
 
	

			
			


		
	
		
			
	
		

		

								

	
				Chapter 8 Notes for Module 6
 What is a CROSS JOIN?
 A CROSS JOIN is identical to the PRODUCT relational operator. The CROSS JOIN is also known as the Cartesian product of two tables. For example, if you have two tables, AGENT, with 10 rows and CUSTOMER, with 21 rows, the CROSS JOIN resulting set will have 210 rows and will include all of the columns from both tables. Syntax examples are:
 SELECT * FROM CUSTOMER CROSS JOIN AGENT;
 or
 SELECT * FROM CUSTOMER, AGENT
 If you do not specify a join condition when joining tables, the result will be a CROSS Join or PRODUCT operation.
 What three join types are included in the OUTER JOIN classification?
 An OUTER JOIN is a type of JOIN operation that yields all rows with matching values in the join columns as well as all unmatched rows. (Unmatched rows are those without matching values in the join columns). The SQL standard prescribes three different types of join operations:
 LEFT [OUTER] JOIN
 RIGHT [OUTER] JOIN
 FULL [OUTER] JOIN.
 The LEFT [OUTER] JOIN will yield all rows with matching values in the join columns, plus all of the unmatched rows from the left table. (The left table is the first table named in the FROM clause.)
 The RIGHT [OUTER] JOIN will yield all rows with matching values in the join columns, plus all of the unmatched rows from the right table. (The right table is the second table named in the FROM clause.)
 The FULL [OUTER] JOIN will yield all rows with matching values in the join columns, plus all the unmatched rows from both tables named in the FROM clause.
 What is a subquery, and what are its basic characteristics?
 A subquery is a query (expressed as a SELECT statement) that is located inside another query. The first SQL statement is known as the outer query, the second is known as the inner query or subquery. The inner query or subquery is normally executed first. The output of the inner query is used as the input for the outer query. A subquery is normally expressed inside parenthesis and can return zero, one, or more rows and each row can have one or more columns.
 A subquery can appear in many places in a SQL statement:
 	as part of a FROM clause,
 	to the right of a WHERE conditional expression,
 	to the right of the IN clause,
 	in a EXISTS operator,
 	to the right of a HAVING clause conditional operator,
 	in the attribute list of a SELECT clause.
 
 Examples of subqueries are:
 INSERT INTO PRODUCT
 SELECT * FROM P;
 DELETE FROM PRODUCT
 WHERE V_CODE IN (SELECT V_CODE FROM VENDOR
 WHERE V_AREACODE = ‘615’);
 SELECT         V_CODE, V_NAME
 FROM             VENDOR
 WHERE          V_CODE NOT IN (SELECT V_CODE FROM PRODUCT);
 What are the three types of results a subquery can return?
 A subquery can return 1) a single value (one row, one column), 2) a list of values (many rows, one column), or 3) a virtual table (many rows, many columns).
 What is a correlated subquery?
 A correlated subquery is subquery that executes once for each row in the outer query. This process is similar to the typical nested loop in a programming language. Contrast this type of subquery to the typical subquery that will execute the innermost subquery first, and then the next outer query … until the last outer query is executed. That is, the typical subquery will execute in serial order, one after another, starting with the innermost subquery. In contrast, a correlated subquery will run the outer query first, and then it will run the inner subquery once for each row returned in the outer subquery.
 For example, the following subquery will list all the product line sales in which the “units sold” value is greater than the “average units sold” value for that product (as opposed to the average for all products.)
 SELECT      INV_NUMBER, P_CODE, LINE_UNITS
 FROM          LINE LS
 WHERE       LS.LINE_UNITS > (SELECT        AVG(LINE_UNITS) FROM LINE LA
 WHERE          LA.P_CODE = LS.P_CODE);
 The previous nested query will execute the inner subquery once to compute the average sold units for each product code returned by the outer query.
 What is the difference between a regular subquery and a correlated subquery?
 A regular, or uncorrelated subquery, executes before the outer query.  It executes only once and the result is held for use by the outer query.  A correlated subquery relies in part on the outer query, usually through a WHERE criteria in the subquery that references an attribute in the outer query.  Therefore, a correlated subquery will execute once for each row evaluated by the outer query; and the correlated subquery can potentially produce a different result for each row in the outer query.
 What does it mean to say that SQL operators are set-oriented?
 The description of SQL operators as set-oriented means that the commands work over entire tables at a time, not row-by-row.
 What does union-compatible mean, and how would you check for this condition?
 Union compatible means that the relations yield attributes with identical names and compatible data types. That is, the relation A(c1,c2,c3) and the relation B(c1,c2,c3) have union compatibility if both relations have the same number of attributes, and corresponding attributes in the relations have “compatible” data types. Compatible data types do not require that the attributes be exactly identical — only that they are comparable. For example, VARCHAR(15) and CHAR(15) are comparable, as are NUMBER (3,0) and INTEGER, and so on. Note that this is a practical definition of union-compatibility, which is different than the theoretical definition discussed in Chapter 3.  From a theoretical perspective, corresponding attributes must have the same domain.  However, the DBMS does not understand the meaning of the business domain so it must work with a more concrete understanding of the data in the corresponding columns.  Thus, it only considers the data types.
 What is the difference between UNION and UNION ALL?
 UNION yields unique rows. In other words, UNION eliminates duplicates rows. On the other hand, a UNION ALL operator will yield all rows of both relations, including duplicates. Notice that for two rows to be duplicated, they must have the same values in all columns.
 To illustrate the difference between UNION and UNION ALL, let’s assume two relations:
 A (ID, Name) with rows (1, Lake, 2, River, and 3, Ocean)
 and
 B (ID, Name) with rows (1, River, 2, Lake, and 3, Ocean).
 Given this description,
 SELECT * FROM A
 UNION
 SELECT * FROM
 will yield:
 ID     Name
 1              Lake
 2              River
 3              Ocean
 1              River
 2              Lake
 while
 SELECT * FROM A
 UNION ALL
 SELECT * FROM B
 will yield:
 ID     Name
 1              Lake
 2              River
 3              Ocean
 1              River
 2              Lake
 3              Ocean
 Why does the order of the operands (tables) matter in a MINUS query but not in a UNION query?
 MINUS queries are analogous to algebraic subtraction – it results in the value that existed in the first operand that is not in the second operand.  UNION queries are analogous to algebraic addition – it results in a combination of the two operands.  (These analogies are not perfect, obviously, but they are helpful when learning the basics.) Addition and UNION have the commutative property (a + b = b + a), while subtraction and MINUS do not (a – b ≠ b – a).
 What MS Access/SQL Server function should you use to calculate the number of days between the current date and January 25, 1999?
 SELECT DATE()-#25-JAN-1999#
 NOTE: In MS Access you do not need to specify a FROM clause for this type of query.
 What Oracle function should you use to calculate the number of days between the current date and January 25, 1999?
 SELECT      SYSDATE – TO_DATE(’25-JAN-1999’, ‘DD-MON-YYYY’)
 FROM          DUAL;
 Note that in Oracle, the SQL statement requires the use of the FROM clause. In this case, you may use the DUAL table. (The DUAL table is a dummy “virtual” table provided by Oracle for this type of query.  The table contains only one row and one column so queries against it can return just one value.)
 What string function should you use to list the first three characters of a company’s EMP_LNAME values?
 In Oracle, you use the SUBSTR function as illustrated next:
 SELECT SUBSTR(EMP_LNAME, 1, 3) FROM EMPLOYEE;
 In SQL Server, you use the SUBSTRING function as shown:
 SELECT SUBSTRING(EMP_LNAME, 1, 3) FROM EMPLOYEE;
 What is an Oracle sequence?
 An Oracle sequence is a special type of object that generates unique numeric values in ascending or descending order. You can use a sequence to assign values to a primary key field in a table.
 A sequence provides functionality similar to the Autonumber data type in MS Access. For example, both, sequences and Autonumber data types provide unique ascending or descending values. However, there are some subtle differences between the two:
 	In MS Access an Autonumber is a data type; in Oracle a sequence is a completely independent object, rather than a data type.
 	In MS Access, you can only have one Autonumber per table; in Oracle you can have as many sequences as you want and they are not tied to any particular table.
 	In MS Access, the Autonumber data type is tied to a field in a table; in Oracle, the sequence-generated value is not tied to any field in any table and can, therefore, be used on any attribute in any table.
 
 The syntax used to create a sequence is:
 CREATE SEQUENCE CUS_NUM_SQ START WITH 100 INCREMENT BY 10 NOCACHE;
 What is a trigger, and what is its purpose?
 A trigger is a block of PL/SQL code that is automatically invoked by the DBMS upon the occurrence of a data manipulation event (INSERT, UPDATE or DELETE.) Triggers are always associated with a table and are invoked before or after a data row is inserted, updated, or deleted. Any table can have one or more triggers.
 Triggers provide a method of enforcing business rules such as:
 	A customer making a credit purchase must have an active account.
 	A student taking a class with a prerequisite must have completed that prerequisite with a B grade.
 	To be scheduled for a flight, a pilot must have a valid medical certificate and a valid training completion record.
 
 Triggers are also excellent for enforcing data constraints that cannot be directly enforced by the data model. For example, suppose that you must enforce the following business rule:
 If the quantity on hand of a product falls below the minimum quantity, the P_REORDER attribute must the automatically set to 1.
 To enforce this business rule, you can create the following TRG_PRODUCT_REORDER trigger:
 CREATE OR REPLACE TRIGGER TRG_PRODUCT_REORDER
 BEFORE INSERT OR UPDATE OF P_ONHAND, P_MIN ON PRODUCT
 FOR EACH ROW
 BEGIN
 IF :NEW.P_ONHAND <= :NEW.P_MIN THEN
 NEW.P_REORDER := 1;
 ELSE
 :NEW.P_REORDER := 0;
 END IF;
 END;
 What is a stored procedure, and why is it particularly useful?
 A stored procedure is a named block of PL/SQL and SQL statements. One of the major advantages of stored procedures is that they can be used to encapsulate and represent business transactions. For example, you can create a stored procedure to represent a product sale, a credit update, or the addition of a new customer. You can encapsulate SQL statements within a single stored procedure and execute them as a single transaction.
 There are two clear advantages to the use of stored procedures:
 	Stored procedures substantially reduce network traffic and increase performance. Because the stored procedure is stored at the server, there is no transmission of individual SQL statements over the network.
 	Stored procedures help reduce code duplication through code isolation and code sharing (creating unique PL/SQL modules that are called by application programs), thereby minimizing the chance of errors and the cost of application development and maintenance.
 
 For example, the following PRC_LINE_ADD stored procedure will add a new invoice line to the LINE table and it will automatically retrieve the correct price from the PRODUCT table.
 CREATE OR REPLACE PROCEDURE PRC_LINE_ADD
 (W_LN IN NUMBER, W_P_CODE IN VARCHAR2, W_LU NUMBER)
 AS
 W_LP NUMBER := 0.00;
 BEGIN
 — GET THE PRODUCT PRICE
 SELECT P_PRICE INTO W_LP
 FROM PRODUCT
 WHERE P_CODE = W_P_CODE;
 — ADDS THE NEW LINE ROW
 INSERT INTO LINE
 VALUES(INV_NUMBER_SEQ.CURRVAL, W_LN, W_P_CODE, W_LU, W_LP);
 DBMS_OUTPUT.PUT_LINE(‘Invoice line ‘ || W_LN || ‘ added’);
 END;
 What is embedded SQL, and how is it used?
 Embedded SQL is a term used to refer to SQL statements that are contained within an application programming language such as COBOL, C++, ASP, Java, or ColdFusion. The program may be a standard binary executable in Windows or Linux, or it may be a Web application designed to run over the Internet. No matter what language you use, if it contains embedded SQL statements it is called the host language. Embedded SQL is still the most common approach to maintaining procedural capabilities in DBMS-based applications.
 For example, the following embedded SQL code will delete the employee 109, George Smith, from the EMPLOYEE table
 EXEC SQL
 DELETE FROM EMPLOYEE WHERE EMP_NUM = 109;
 END-EXEC.
 Remember that the preceding embedded SQL statement is compiled to generate an executable statement. Therefore, the statement is fixed permanently; that is, it cannot change — unless, of course, the programmer changes it. Each time the program runs, it deletes the same row. In short, the preceding code is good only for the first run; all subsequent runs will more than likely give an error. (Employee 109 is deleted the first time the embedded statement is executed. If you run the code again, it tries to delete an employee who has already been deleted.) Clearly, this code would be more useful if you are able to specify a variable to indicate which employee number is to be deleted.
 What is dynamic SQL, and how does it differ from static SQL?
 Dynamic SQL is a term used to describe an environment in which the SQL statement is not known in advance; instead, the SQL statement is generated at run time. In a dynamic SQL environment, a program can generate the SQL statements (at run time) that are required to respond to ad-hoc queries. In such an environment, neither the programmers nor end users are likely to know precisely what kind of queries are to be generated or how those queries are to be structured. For example, a dynamic SQL equivalent of the example shown in question 19 might be:
 SELECT   :W_ATTRIBUTE_LIST
 FROM       :W_TABLE
 WHERE    :W_CONDITION;
 Note that the attribute list and the condition are not known until the end user specifies them. W_TABLE, W_ATRIBUTE_LIST and W_CONDITION are text variables that contain the end-user input values used in the query generation. Because the program uses the end user input to build the text variables, the end user can run the same program multiple times to generate different outputs. For example, in one case the end user may one to know what products have a price less than $100; in another case, the end user may want to know how many units of a given product are available for sale at any given moment.
 Although dynamic SQL is clearly flexible, such flexibility carries a price. Dynamic SQL tends to be much slower that static SQL and it requires more computer resources (overhead). In addition, you are more likely to find different levels of support and incompatibilities between DBMS vendors.
 
	

			
			


		
	
		
			
	
		

		

								

	
				Chapter 9 Notes for Module 7
 What is an information system? What is its purpose?
 An information system is a system that
 	provides the conditions for data collection, storage, and retrieval
 	facilitates the transformation of data into information
 	provides management of both data and information.
 
 An information system is composed of hardware, software (DBMS and applications), the database(s), procedures, and people.
 Good decisions are generally based on good information. Ultimately, the purpose of an information system is to facilitate good decision making by making relevant and timely information available to the decision makers.
 How do systems analysis and systems development fit into a discussion about information systems?
 Both systems analysis and systems development constitute part of the Systems Development Life Cycle, or SDLC. Systems analysis, phase II of the SDLC, establishes the need for and the extent of an information system by
 	Establishing end-user requirements.
 	Evaluating the existing system.
 	Developing a logical systems design.
 
 Systems development, based on the detailed systems design found in phase III of the SDLC, yields the information system. The detailed system specifications are established during the systems design phase, in which the designer completes the design of all required system processes.
 What does the acronym SDLC mean, and what does an SDLC portray?
 SDLC is the acronym that is used to label the System Development Life Cycle. The SDLC traces the history of a information system from its inception to its obsolescence. The SDLC is composed of six phases: planning, analysis, detailed system, design, implementation and maintenance.
 What does the acronym DBLC mean, and what does a DBLC portray?
 DBLC is the acronym that is used to label the Database Life Cycle. The DBLC traces the history of a database system from its inception to its obsolescence. Since the database constitutes the core of an information system, the DBLC is concurrent to the SDLC. The DBLC is composed of six phases: initial study, design, implementation and loading, testing and evaluation, operation, and maintenance and evolution.
 What is the minimal data rule in conceptual design? Why is it important?
 The minimal data rule specifies that all the data defined in the data model are actually required to fit present and expected future data requirements. This rule may be phrased as All that is needed is there, and all that is there is needed.
 What are business rules? Why are they important to a database designer?
 Business rules are narrative descriptions of the business policies, procedures, or principles that are derived from a detailed description of operations. Business rules are particularly valuable to database designers, because they help define:
 	Entities
 	Attributes
 	Relationships (1:1, 1:M, M:N, expressed through connectivities and cardinalities)
 	Constraints
 
 To develop an accurate data model, the database designer must have a thorough and complete understanding of the organization’s data requirements. The business rules are very important to the designer because they enable the designer to fully understand how the business works and what role is played by data within company operations.
 What is the data dictionary’s function in database design?
 A good data dictionary provides a precise description of the characteristics of all the entities and attributes found within the database. The data dictionary thus makes it easier to check for the existence of synonyms and homonyms, to check whether all attributes exist to support required reports, to verify appropriate relationship representations, and so on. The data dictionary’s contents are both developed and used during the six DBLC phases:
 DATABASE INITIAL STUDY
 The basic data dictionary components are developed as the entities and attributes are defined during this phase.
 DATABASE DESIGN
 The data dictionary contents are used to verify the database design components: entities, attributes, and their relationships. The designer also uses the data dictionary to check the database  design for homonyms and synonyms and verifies that the entities and attributes will support all required query and report requirements.
 IMPLEMENTATION AND LOADING
 The DBMS’s data dictionary helps to resolve any remaining attribute definition inconsistencies.
 TESTING AND EVALUATION
 If problems develop during this phase, the data dictionary contents may be used to help restructure the basic design components to make sure that they support all required operations.
 OPERATION
 If the database design still yields (the almost inevitable) operational glitches, the data dictionary may be used as a quality control device to ensure that operational modifications to the database do not conflict with existing components.
 MAINTENANCE AND EVOLUTION
 As users face inevitable changes in information needs, the database may be modified to support those needs. Perhaps entities, attributes, and relationships must be added, or relationships must be changed. If new database components are fit into the design, their introduction may produce conflict with existing components. The data dictionary turns out to be a very useful tool to check whether a suggested change invites conflicts within the database design and, if so, how such conflicts may be resolved.
 What factors are important in a DBMS software selection?
 The selection of DBMS software is critical to the information system’s smooth operation. Consequently, the advantages and disadvantages of the proposed DBMS software should be carefully studied. To avoid false expectations, the end user must be made aware of the limitations of both the DBMS and the database.
 Although the factors affecting the purchasing decision vary from company to company, some of the most common are:
 	Cost. Purchase, maintenance, operational, license, installation, training, and conversion costs.
 	DBMS features and tools. Some database software includes a variety of tools that facilitate the application development task. For example, the availability of query by example (QBE), screen painters, report generators, application generators, data dictionaries, and so on, helps to create a more pleasant work environment for both the end user and the application programmer. Database administrator facilities, query facilities, ease of use, performance, security, concurrency control, transaction processing, and third-party support also influence DBMS software selection.
 	Underlying model. Hierarchical, network, relational, object/relational, or object.
 	Portability. Across platforms, systems, and languages.
 	DBMS hardware requirements. Processor(s), RAM, disk space, and so on.
 
 What three levels of backup may be used in database recovery management? Briefly describe what each of those three backup levels does.
 A full backup of the database creates a backup copy of all database objects in their entirety.
 A differential backup of the database creates a backup of only those database objects that have changed since the last full backup.
 A transaction log backup does not create a backup of database objects, but makes a backup of the log of changes that have been applied to the database objects since the last backup.
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 What is meant by the following statement: a transaction is a logical unit of work.
 A transaction is a logical unit of work that must be entirely completed of aborted; no intermediate states are accepted. In other words, a transaction, composed of several database requests, is treated by the DBMS as a unit of work in which all transaction steps must be fully completed if the transaction is to be accepted by the DBMS.
 Acceptance of an incomplete transaction will yield an inconsistent database state. To avoid such a state, the DBMS ensures that all of a transaction’s database operations are completed before they are committed to the database. For example, a credit sale requires a minimum of three database operations:
 	An invoice is created for the sold product.
 	The product’s inventory quantity on hand is reduced.
 	The customer accounts payable balance is increased by the amount listed on the invoice.
 
 If only parts 1 and 2 are completed, the database will be left in an inconsistent state. Unless all three parts (1, 2, and 3) are completed, the entire sales transaction is canceled.
 What is a consistent database state, and how is it achieved?
 A consistent database state is one in which all data integrity constraints are satisfied. To achieve a consistent database state, a transaction must take the database from one consistent state to another.
 The DBMS does not guarantee that the semantic meaning of the transaction truly represents the real-world event. What are the possible consequences of that limitation? Give an example.
 The database is designed to verify the syntactic accuracy of the database commands given by the user to be executed by the DBMS. The DBMS will check that the database exists, that the referenced attributes exist in the selected tables, that the attribute data types are correct, and so on. Unfortunately, the DBMS is not designed to guarantee that the syntactically correct transaction accurately represents the real‑world event.
 For example, if the end user sells 10 units of product 100179 (Crystal Vases), the DBMS cannot detect errors such as the operator entering 10 units of product 100197 (Crystal Glasses). The DBMS will execute the transaction, and the database will end up in a technically consistent state but in a real‑world inconsistent state because the wrong product was updated.
 What are the five transaction properties and what do they mean?
 The five transaction properties are:
 Atomicity – requires that all parts of a transaction must be completed or the transaction is aborted. This property ensures that the database will remain in a consistent state.
 Consistency – Indicates the permanence of the database consistent state.
 Isolation – means that the data required by an executing transaction cannot be accessed by any other transaction until the first transaction finishes. This property ensures data consistency for concurrently executing transactions.
 Durability – indicates that the database will be in a permanent consistent state after the execution of a transaction. In other words, once a consistent state is reached, it cannot be lost.
 Serializability – means that a series of concurrent transactions will yield the same result as if they were executed one after another.
 All five transaction properties work together to make sure that a database maintains data integrity and consistency for either a single-user or a multi-user DBMS.
 What does serializability of transactions mean?
 Serializability of transactions means that a series of concurrent transactions will yield the same result as if they were executed one after another
 What is a transaction log, and what is its function?
 The transaction log is a special DBMS table that contains a description of all the database transactions executed by the DBMS. The database transaction log plays a crucial role in maintaining database concurrency control and integrity.
 The information stored in the log is used by the DBMS to recover the database after a transaction is aborted or after a system failure. The transaction log is usually stored in a different hard disk or in a different media (tape) to prevent the failure caused by a media error.
 What is a scheduler, what does it do, and why is its activity important to concurrency control?
 The scheduler is the DBMS component that establishes the order in which concurrent database operations are executed. The scheduler interleaves the execution of the database operations (belonging to several concurrent transactions) to ensure the serializability of transactions. In other words, the scheduler guarantees that the execution of concurrent transactions will yield the same result as though the transactions were executed one after another. The scheduler is important because it is the DBMS component that will ensure transaction serializability. In other words, the scheduler allows the concurrent execution of transactions, giving end users the impression that they are the DBMS’s only users.
 What is a lock, and how, in general, does it work?
 A lock is a mechanism used in concurrency control to guarantee the exclusive use of a data element to the transaction that owns the lock. For example, if the data element X is currently locked by transaction T1, transaction T2 will not have access to the data element X until T1 releases its lock.
 Generally speaking, a data item can be in only two states: locked (being used by some transaction) or unlocked (not in use by any transaction). To access a data element X, a transaction T1 first must request a lock to the DBMS. If the data element is not in use, the DBMS will lock X to be used by T1 exclusively. No other transaction will have access to X while T1 is executed.
 What are the different levels of lock granularity?
 Lock granularity refers to the size of the database object that a single lock is placed upon.  Lock granularity can be:
 	      Database-level, meaning the entire database is locked by one lock.
 	      Table-level, meaning a table is locked by one lock.
 	      Page-level, meaning a diskpage is locked by one lock.
 	      Row-level, meaning one row is locked by one lock.
 	      Field-level, meaning one field in one row is locked by one lock.
 
 Why might a page-level lock be preferred over a field-level lock?
 Smaller lock granualarity improves the concurrency of the database by reducing contention to lock database objects.  However, smaller lock granularity also means that more locks must be maintained and managed by the DBMS, requiring more processing overhead and system resources for lock management.  Concurrency demands and system resource usage must be balanced to ensure the best overall transaction performance.  In some circumstances, page-level locks, which require fewer system resources, may produce better overall performance than field-level locks, which require more system resources.
 What is concurrency control, and what is its objective?
 Concurrency control is the activity of coordinating the simultaneous execution of transactions in a multiprocessing or multi‑user database management system. The objective of concurrency control is to ensure the serializability of transactions in a multi‑user database management system. (The DBMS’s scheduler is in charge of maintaining concurrency control.)
 Because it helps to guarantee data integrity and consistency in a database system, concurrency control is one of the most critical activities performed by a DBMS. If concurrency control is not maintained, three serious problems may be caused by concurrent transaction execution: lost updates, uncommitted data, and inconsistent retrievals.
 What is an exclusive lock, and under what circumstances is it granted?
 An exclusive lock is one of two lock types used to enforce concurrency control.  (A lock can have three states: unlocked, shared (read) lock, and exclusive (write) lock. The “shared” and “exclusive” labels indicate the nature of the lock.)
 An exclusive lock exists when access to a data item is specifically reserved for the transaction that locked the object. The exclusive lock must be used when a potential for conflict exists, e.g., when one or more transactions must update (WRITE) a data item. Therefore, an exclusive lock is issued only when a transaction must WRITE (update) a data item and no locks are currently held on that data item by any other transaction.
 To understand the reasons for having an exclusive lock, look at its counterpart, the shared lock. Shared locks are appropriate when concurrent transactions are granted READ access on the basis of a common lock, because concurrent transactions based on a READ cannot produce a conflict.
 A shared lock is issued when a transaction must read data from the database and no exclusive locks are held on the data to be read.
 What is a deadlock, and how can it be avoided? What are some strategies for dealing with deadlocks?
 Base your discussion on Chapter 10’s Section 10.3.4, Deadlocks. Start by pointing out that, although locks prevent serious data inconsistencies, their use may lead to two major problems:
 	The transaction schedule dictated by the locking requirements may not be serializable, thus causing data integrity and consistency problems.
 	The schedule may create deadlocks. Database deadlocks are the equivalent of a traffic gridlock in a big city and are caused by two transactions waiting for each other to unlock data.
 
 Refer to Table 10.13 on page 473 of the text.
 In a real world DBMS, many more transactions can be executed simultaneously, thereby increasing the probability of generating deadlocks. Note that deadlocks are possible only if one of the transactions wants to obtain an exclusive lock on a data item; no deadlock condition can exist among shared locks.
 Three basic techniques exist to control deadlocks:
 Deadlock Prevention
 A transaction requesting a new lock is aborted if there is a possibility that a deadlock may occur. If the transaction is aborted, all the changes made by this transaction are rolled back and all locks are released. The transaction is then re-scheduled for execution. Deadlock prevention works because it avoids the conditions that lead to deadlocking.
 Deadlock Detection
 The DBMS periodically tests the database for deadlocks. If a deadlock is found, one of the transactions (the “victim”) is aborted (rolled back and rescheduled) and the other transaction continues. Note particularly the discussion in Section 10.4.1, Wait/Die and Wound/Wait Schemes.
 Deadlock Avoidance
 The transaction must obtain all the locks it needs before it can be executed. This technique avoids rollback of conflicting transactions by requiring that locks be obtained in succession. However, the serial lock assignment required in deadlock avoidance increases the response times.
 The best deadlock control method depends on the database environment. For example, if the probability of deadlocks is low, deadlock detection is recommended. However, if the probability of deadlocks is high, deadlock prevention is recommended. If response time is not high on the system priority list, deadlock avoidance may be employed.
 What are some disadvantages of time-stamping methods for concurrency control?
 The disadvantages are: 1) each value stored in the database requires two additional time stamp fields – one for the last time the field was read and one for the last time it was updated, 2) increased memory and processing overhead requirements, and 3) many transactions may have to be stopped, rescheduled, and restamped.
 Why might it take a long time to complete transactions when an optimistic approach to concurrency control is used?
 Because the optimistic approach makes the assumption that conflict from concurrent transactions is unlikely, it does nothing to avoid conflicts or control the conflicts.  The only test for conflict occurs during the validation phase.  If a conflict is detected, then the entire transaction restarts.  In an environment with few conflicts from concurrency, this type of single checking scheme works well.  In an environment where conflicts are common, a transaction may have to be restarted numerous times before it can be written to the database.
 What are the three types of database critical events that can trigger the database recovery process? Give some examples for each one.
 Backup and recovery functions constitute a very important component of today’s DBMSs. Some DBMSs provide functions that allow the database administrator to perform and schedule automatic database backups to permanent secondary storage devices, such as disks or tapes.
 Critical events include:
 	Hardware/software failures. hard disk media failure, a bad capacitor on a motherboard, or a failing memory bank. Other causes of errors under this category include application program or operating system errors that cause data to be overwritten, deleted, or lost.
 	Human-caused incidents. This type of event can be categorized as unintentional or intentional.
 
 An unintentional failure is caused by carelessness by end-users. Such errors include deleting the wrong rows from a table, pressing the wrong key on the keyboard, or shutting down the main database server by accident.
 Intentional events are of a more severe nature and normally indicate that the company data are at serious risk. Under this category are security threats caused by hackers trying to gain unauthorized access to data resources and virus attacks caused by disgruntled employees trying to compromise the database operation and damage the company.
 	Natural disasters. This category includes fires, earthquakes, floods, and power failures.
 
 What are the four ANSI transaction isolation levels? What type of reads does each level allow?
 The four ANSI transaction isolation levels are 1) read uncommitted, 2) read committed, 3) repeatable read, and 4) Serializable.  These levels allow different “questionable” reads.  A read is questionable if it can produce inconsistent results.  Read uncommitted isolation will allow dirty reads, non-repeatable reads and phantom reads.  Read committed isolation will allow non-repeatable reads and phantom reads.  Repeatable read isolation will allow phantom reads.  Serializable does not allow any questionable reads
 
	

			
			


		
	
		
			
	
		

		

								

	
				Chapter 11 Notes for Module 8
 What is SQL performance tuning?
 SQL performance tuning describes a process – on the client side – that will generate an SQL query to return the correct answer in the least amount of time, using the minimum amount of resources at the server end.
 What is database performance tuning?
 DBMS performance tuning describes a process – on the server side – that will properly configure the DBMS environment to respond to clients’ requests in the fastest way possible, while making optimum use of existing resources.
 What is the focus of most performance tuning activities, and why does that focus exist?
 Most performance-tuning activities focus on minimizing the number of I/O operations, because the I/O operations are much slower than reading data from the data cache.
 What are database statistics, and why are they important?
 The term database statistics refers to a number of measurements gathered by the DBMS to describe a snapshot of the database objects’ characteristics. The DBMS gathers statistics about objects such as tables, indexes, and available resources — such as number of processors used, processor speed, temporary space available, and so on. Such statistics are used to make critical decisions about improving the query processing efficiency.
 How are database statistics obtained?
 Database statistics can be gathered manually by the DBA or automatically by the DBMS. For example, many DBMS vendors support the SQL’s ANALYZE command to gather statistics. In addition, many vendors have their own routines to gather statistics. For example, IBM’s DB2 uses the RUNSTATS procedure, while Microsoft’s SQL Server uses the UPDATE STATISTICS procedure and provides the Auto-Update and Auto-Create Statistics options in its initialization parameters.
 What database statistics measurements are typical of tables, indexes, and resources?
 For tables, typical measurements include the number of rows, the number of disk blocks used, row length, the number of columns in each row, the number of distinct values in each column, the maximum value in each column, the minimum value in each column, what columns have indexes, and so on.
 For indexes, typical measurements include the number and name of columns in the index key, the number of key values in the index, the number of distinct key values in the index key, histogram of key values in an index, etc.
 For resources, typical measurements include the logical and physical disk block size, the location and size of data files, the number of extends per data file, and so on.
 How is the processing of SQL DDL statements (such as CREATE TABLE) different from the processing required by DML statements?
 A DDL statement actually updates the data dictionary tables or system catalog, while a DML statement (SELECT, INSERT, UPDATE and DELETE) mostly manipulates end user data.
 What are the three phases that the DBMS processes queries in and what is accomplished in each phase?
 The three phases are:
 	Parsing. The DBMS parses the SQL query and chooses the most efficient access/execution plan.
 	Execution. The DBMS executes the SQL query using the chosen execution plan.
 	Fetching. The DBMS fetches the data and sends the result set back to the client.
 
 Parsing involves breaking the query into smaller units and transforming the original SQL query into a slightly different version of the original SQL code — but one that is “fully equivalent” and more efficient. Fully equivalent means that the optimized query results are always the same as the original query. More efficient means that the optimized query will, almost always, execute faster than the original query. (Note that we say almost always because many factors affect the performance of a database. These factors include the network, the client’s computer resources, and even other queries running concurrently in the same database.)
 After the parsing and execution phases are completed, all rows that match the specified condition(s) have been retrieved, sorted, grouped, and/or – if required – aggregated. During the fetching phase, the rows of the resulting query result set are returned to the client. During this phase, the DBMS may use temporary table space to store temporary data.
 If indexes are so important, why not index every column in every table?
 Indexing every column in every table will tax the DBMS too much in terms of index-maintenance processing, especially if the table has many attributes, many rows, and/or requires many inserts, updates, and/or deletes.
 One measure to determine the need for an index is the data sparsity of the column you want to index. Data sparsity refers to the number of different values a column could possibly have. For example, a STU_SEX column in a STUDENT table can have only two possible values, “M” or “F”; therefore this column is said to have low sparsity. In contrast, the STU_DOB column that stores the student date of birth can have many different date values; therefore, this column is said to have high sparsity. Knowing the sparsity helps you decide whether or not the use of an index is appropriate. For example, when you perform a search in a column with low sparsity, you are very likely to read a high percentage of the table rows anyway; therefore index processing may be unnecessary work.
 What is the difference between a rule-based optimizer and a cost-based optimizer?
 A rule-based optimizer uses a set of preset rules and points to determine the best approach to execute a query. The rules assign a “cost” to each SQL operation; the costs are then added to yield the cost of the execution plan.
 A cost-based optimizer uses sophisticated algorithms based on the statistics about the objects being accessed to determine the best approach to execute a query. In this case, the optimizer process adds up the processing cost, the I/O costs and the resource costs (RAM and temporary space) to come up with the total cost of a given execution plan.
 What are optimizer hints and how are they used?
 Hints are special instructions for the optimizer that are embedded inside the SQL command text. Although the optimizer generally performs very well under most circumstances, there are some circumstances in which the optimizer may not choose the best execution plan. Remember, the optimizer makes decisions based on the existing statistics. If the statistics are old, the optimizer may not do a good job in selecting the best execution plan. Even with the current statistics, the optimizer choice may not be the most efficient one. There are some occasions when the end-user would like to change the optimizer mode for the current SQL statement. In order to accomplish this task, you have to use hints.
 What are some general guidelines for creating and using indexes?
 Create indexes for each single attribute used in a WHERE, HAVING, ORDER BY, or GROUP BY clause. If you create indexes in all single attributes used in search conditions, the DBMS will access the table using an index scan, instead of a full table scan. For example, if you have an index for P_PRICE, the condition P_PRICE > 10.00 can be solved by accessing the index, instead of sequentially scanning all table rows and evaluating P_PRICE for each row. Indexes are also used in join expressions, such as in CUSTOMER.CUS_CODE = INVOICE.CUS_CODE.
 Do not use indexes in small tables or tables with low sparsity. Remember, small tables and low sparsity tables are not the same thing. A search condition in a table with low sparsity may return a high percentage of table rows anyway, making the index operation too costly and making the full table scan a viable option. Using the same logic, do not create indexes for tables with few rows and few attributes—unless you must ensure the existence of unique values in a column.
 Declare primary and foreign keys so the optimizer can use the indexes in join operations. All natural joins and old-style joins will benefit if you declare primary keys and foreign keys because the optimizer will use the available indexes at join time. (The declaration of a PK or FK will automatically create an index for the declared column. Also, for the same reason, it is better to write joins using the SQL JOIN syntax. (See Chapter 8, “Advanced SQL.”)
 Declare indexes in join columns other than PK/FK. If you do join operations on columns other than the primary and foreign key, you may be better off declaring indexes in such columns.
 What factors should you keep in mind if you intend to write conditional expressions in SQL code?
 Use simple columns or literals as operands in a conditional expression—avoid the use of conditional expressions with functions whenever possible. Comparing the contents of a single column to a literal is faster than comparing to expressions.
 Numeric field comparisons are faster than character, date, and NULL comparisons. In search conditions, comparing a numeric attribute to a numeric literal is faster than comparing a character attribute to a character literal. In general, numeric comparisons (integer, decimal) are handled faster by the CPU than character and date comparisons. Because indexes do not store references to null values, NULL conditions involve additional processing and therefore tend to be the slowest of all conditional operands.
 Equality comparisons are faster than inequality comparisons. As a general rule, equality comparisons are processed faster than inequality comparisons. For example, P_PRICE = 10.00 is processed faster because the DBMS can do a direct search using the index in the column. If there are no exact matches, the condition is evaluated as false. However, if you use an inequality symbol (>, >=, <, <=) the DBMS must perform additional processing to complete the request. This is because there would almost always be more “greater than” or “less than” values and perhaps only a few exactly “equal” values in the index. The slowest (with the exception of NULL) of all comparison operators is LIKE with wildcard symbols, such as in V_CONTACT LIKE “%glo%”. Also, using the “not equal” symbol (<>) yields slower searches, especially if the sparsity of the data is high; that is, if there are many more different values than there are equal values.
 Whenever possible, transform conditional expressions to use literals. For example, if your condition is P_PRICE -10 = 7, change it to read P_PRICE = 17. Also, if you have a composite condition such as:
 P_QOH < P_MIN AND P_MIN = P_REORDER AND P_QOH = 10
 change it to read:
 P_QOH = 10 AND P_MIN = P_REORDER AND P_MIN > 10
 When using multiple conditional expressions, write the equality conditions first. (Note that we did this in the previous example.) Remember, equality conditions are faster to process than inequality conditions. Although most RDBMSs will automatically do this for you, paying attention to this detail lightens the load for the query optimizer. (The optimizer won’t have to do what you have already done.)
 If you use multiple AND conditions, write the condition most likely to be false first. If you use this technique, the DBMS will stop evaluating the rest of the conditions as soon as it finds a conditional expression that is evaluated to be false. Remember, for multiple AND conditions to be found true, all conditions must be evaluated as true. If one of the conditions evaluates to false, everything else is evaluated as false. Therefore, if you use this technique, the DBMS won’t waste time unnecessarily evaluating additional conditions. Naturally, the use of this technique implies an implicit knowledge of the sparsity of the data set.
 Whenever possible, try to avoid the use of the NOT logical operator. It is best to transform a SQL expression containing a NOT logical operator into an equivalent expression. For example:
 NOT (P_PRICE > 10.00) can be written as P_PRICE <= 10.00.
 Also, NOT (EMP_SEX = ‘M’) can be written as EMP_SEX = ‘F’.
 What recommendations would you make for managing the data files in a DBMS with many tables and indexes?
 First, create independent data files for the system, indexes and user data table spaces. Put the data files on separate disks or RAID volumes. This ensures that index operations will not conflict with end-user data or data dictionary table access operations.
 Second, put high-usage end-user tables in their own table spaces. By doing this, the database minimizes conflicts with other tables and maximizes storage utilization.
 Third, evaluate the creation of indexes based on the access patterns. Identify common search criteria and isolate the most frequently used columns in search conditions. Create indexes on high usage columns with high sparsity.
 Fourth, evaluate the usage of aggregate queries in your database. Identify columns used in aggregate functions and determine if the creation of indexes on such columns will improve response time.
 Finally, identify columns used in ORDER BY statements and make sure there are indexes on such columns.
 What does RAID stand for, and what are some commonly used RAID levels?
 RAID is the acronym for Redundant Array of Independent Disks. RAID is used to provide balance between performance and fault tolerance. RAID systems use multiple disks to create virtual disks (storage volumes) formed by several individual disks. RAID systems provide performance improvement and fault tolerance. Table 11.7 in the text shows the commonly used RAID levels. (We have reproduced the table for your convenience.)
 Raid Level 0: The data blocks are spread over separate drives. Also known as striped array. Provides increased performance but no fault tolerance. Fault tolerance means that in case of failure, data could be reconstructed and retrieved. Requires a minimum of two drives.
 Raid Level 1: The same data blocks are written (duplicated) to separate drives. Also referred to as mirroring or duplexing. Provides increased read performance and fault tolerance via data redundancy. Requires a minimum of two drives.
 Raid Level 3: The data are striped across separate drives, and parity data are computed and stored in a dedicated drive. Parity data are specially generated data that permit the reconstruction of corrupted or missing data. Provides good read performance and fault tolerance via parity data. Requires a minimum of three drives.
 Raid Level 5: The data and the parity are striped across separate drives. Provides good read performance and fault tolerance via parity data. Requires a minimum of three drives.
 
 Chapter 12 Notes for Module 8
 Describe the different types of database requests and transactions.
 A database transaction is formed by one or more database requests. Each database request is the equivalent of a single SQL statement. The basic difference between a local transaction and a distributed transaction is that the latter can update or request data from several remote sites on a network. In a DDBMS, a database request and a database transaction can be of two types: remote or distributed.
 Note: The figure references in the discussions refer to the figures found in the text. The figures are not reproduced in this manual.
 A remote request accesses data located at a single remote database processor (or DP site). In other words, an SQL statement (or request) can reference data at only one remote DP site. Use Figure 12.9 to illustrate the remote request.
 A remote transaction, composed of several requests, accesses data at only a single remote DP site.  Use Figure 12.10 to illustrate the remote transaction.
 As you discuss Figure 12.10, note that both tables are located at a remote DP (site B) and that the complete transaction can reference only one remote DP. Each SQL statement (or request) can reference only one (the same) remote DP at a time; the entire transaction can reference only one remote DP; and it is executed at only one remote DP.
 A distributed transaction allows a transaction to reference several different local or remote DP sites.  Although each single request can reference only one local or remote DP site, the complete transaction can reference multiple DP sites because each request can reference a different site. Use Figure 12.11 to illustrate the distributed transaction.
 A distributed request lets us reference data from several different DP sites. Since each request can access data from more than one DP site, a transaction can access several DP sites. The ability to execute a distributed request requires fully distributed database processing because we must be able to:
 	Partition a database table into several fragments.
 	Reference one or more of those fragments with only one request. In other words, we must have fragmentation transparency
 
 The location and partition of the data should be transparent to the end user. Use Figure 12.12 to illustrate the distributed request.
 As you discuss Figure 12.12, note that the transaction uses a single SELECT statement to reference two tables, CUSTOMER and INVOICE. The two tables are located at two different remote DP sites, B and C.
 The distributed request feature also allows a single request to reference a physically partitioned table. For example, suppose that a CUSTOMER table is divided into two fragments C1 and C2, located at sites B and C respectively. The end user wants to obtain a list of all customers whose balance exceeds $250.00.  Use Figure 12.13 to illustrate this distributed request.
 Note that full fragmentation support is provided only by a DDBMS that supports distributed requests.
 What is the objective of the query optimization functions?
 The objective of query optimization functions is to minimize the total costs associated with the execution of a database request. The costs associated with a request are a function of:
 	the access time (I/O) cost involved in accessing the physical data stored on disk
 	the communication cost associated with the transmission of data among nodes in distributed database systems
 	the CPU time cost.
 
 It is difficult to separate communication and processing costs. Query‑optimization algorithms use different parameters, and the algorithms assign different weight to each parameter. For example, some algorithms minimize total time, others minimize the communication time, and still others do not factor in the CPU time, considering it insignificant relative to the other costs. Query optimization must provide distribution and replica transparency in distributed database systems.
 To which transparency feature are the query optimization functions related?
 Query‑optimization functions are associated with the performance transparency features of a DDBMS. In a DDBMS the query‑optimization routines are more complicated because the DDBMS must decide where and which fragment of the database to access. Data fragments are stored at several sites, and the data fragments are replicated at several sites.
 What issues should be considered when resolving data requests in a distributed environment?
 A data request could be either a read or a write request. However, most requests tend to be read requests. In both cases, resolving data requests in a distributed data environment most consider the following issues:
 	Data distribution.
 	Data replication.
 	Network and node availability.
 
 A more detailed discussion of these factors can be found in section 12.10.
 What are the two basic styles of data replication?
 There are basically two styles of replication:
 	Push replication. In this case, the originating DP node sends the changes to the replica nodes to ensure that all data are mutually consistent.
 	Pull replication. The originating DP node notifies the replica nodes so they can pull the updates one their own time.
 
 See section 12.11.2 for more information.
 What trade-offs are involved in building highly distributed data environments?
 In the year 2000, Dr. Eric Brewer stated in a presentation that: “in any highly distributed data system there are three common desirable properties: consistency, availability and partition tolerance. However, it is impossible for a system to provide all three properties at the same time.” Therefore, the system designers have to balance the trade-offs of these properties in order to provide a workable system. This is what is known as the CAP theorem. For more information on this, see section 12.12.
 How does a BASE system differ from a traditional distributed database system?
 A traditional database system enforces the ACID properties as to ensure that all database transactions yield a database in a consistent state. In a centralized database system, all data resides in a centralized node. However, in a distributed database system data are located in multiple geographically disperse sites connected via a network. In such cases, network latency and network partitioning impose a new level of complexity. In most highly distributed systems, designers tend to emphasize availability over data consistency and partition tolerance. This trade-off has given way to a new type of database systems in which data are basically available, soft state and eventually consistent (BASE).
 For more information about BASE systems see section12.12.
 Briefly describe the process of writing a file in a Hadoop Distributed File System (HDFS).
 A client node wishing to write a file contacts the name node.  The name node will add the new file to the metadata, and determine which data nodes the first block of the file will be stored on.  This data is sent back to the client node.  The client node then contacts the first data node provided by the name node and begins writing the file to that data node.  The client node also sends the data node the list of data nodes to which this block should be replicated.  As the first data nodes receives the block of data, it contacts the next data node on the list and begins transmitting the block to this data node, which in turn repeats the process with the next data node on the list to replicate the block.  When a block of the file is finished writing to the first data node, the client node contacts the name node to repeat this process for each block in the file.
 Define the term heartbeat in an HDFS and explain its purpose.
 In HDFS, each data node communicates with the name node periodically.  One type of communication between the data nodes and the name node is a heartbeat.  A heartbeat is a signal sent to the name node to let it know that the data node is still active in the file system.  This signal is sent every 3 seconds by each data node.  If the name node fails to receive a heartbeat from a data node, then it will decide that the data node has experienced a fault, and the name node will know not to send client nodes to that data node for read or write operations.
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