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Introduction

ABOUT THIS BOOK

This is a book intended for those who are involved in the design or development of a
database system or application. It begins by focusing on how to create a logical data model
where data are stored where it belongs. Next, data usage is reviewed to transform the logical
model into a physical data model that will satisfy user performance requirements. Finally,
it describes how to use various software tools to create user interfaces to review and update
data in a database.

ORGANIZATION OF THIS BOOK

Chapter 1 describes the functionality of database management systems and how they
guarantee accuracy and availability of data.

Chapters 2 through 4 describe how to define and normalize data requirements to
create a logical data model, and then map them into an initial solution for a physical
database.

Chapter 5 describes how to use an industry-leading data modeling tool to define and
manage logical and physical data models.

Chapters 6 and 7 describe how to implement a physical database using either Microsoft
Access or Structured Query Language (SQL) Server and how to use Microsoft Access
to create windows interfaces to query or update data in tables.

Chapter 8 describes how to use the PERL programming language to identify and
extract records of interest from files and load these records into a database. As an
example, it includes a script that identifies and extracts warning and error messages
from an SQL Server log file and shows how to load these records into tables in a track-
ing database described in Chapter 7.

Chapter 9 reviews various software tools that are commonly used to create user inter-
faces to databases to retrieve or update data.

As with most skills, the ability to design and implement a database improves with
practice and experience. Chapter 10 reviews the design and implementation of a data-
base using a much more complex data environment for a University.

xiii
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Finally, Chapter 11 describes how to use PHP to build a web-based interface to review
and update data in a database.

The database used in this example is the tracking database created in Chapter 7 and
loaded with the PERL script in Chapter 8. Appendices A and B contain the PHP scripts
used by this interface to update the status flags in that database.

Appendix C contains the Data Definition Language (DDL) text file generated by the
data modeling tool to create the University database.

HOW TO USE THIS BOOK

User Specialists and Design Teams

Learn how to create a logical data model where data are stored where it belongs by
reviewing the material and exercises in Chapter 2.

Learn how to analyze data-processing requirements to create a physical design model
that will satisfy user response times by reviewing the material in Chapters 3 and 4.

Database Administrators

In addition to the above-mentioned uses, learn how to use an industry-leading data
modeling tool by reviewing the material and exercises in Chapter 5. It includes
instructions on how to create the DDL statements needed to create a physical data-
base. The DDL to create the University database is included as Appendix C.

Learn how to implement a physical database using either Microsoft Access or SQL
Server by following the exercises in Chapters 6 and 7.

Developers

Learn how to translate user requirements into a database solution by reviewing the
material and exercises in Chapters 2 through 4.

Chapter 8 shows how to use the PERL language to identify records containing data of
interest from external files and load them into a table in a database.

Learn how to use Microsoft Access to develop user interfaces by reviewing the exer-
cises in Chapters 6 and 10.

Gain an understanding of software used to develop user interfaces by reading
Chapter 9.

Learn how to use PHP to develop a web-based interface to a database by reviewing
the information and code contained in Chapter 11 and listed in Appendices A and B.
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CHAPTER 1

Overview of Databases

1.1 WHAT'S A “DATABASE"?

Today, generally everyone uses a computer in one form or another.

« Home-based computers are frequently used for managing a personal business, update
spreadsheets, or complete school assignments. Others use them for email, social
interaction with friends and family members, monitoring the Internet for news, or
for entertainment.

o Owners of small businesses use spreadsheets and/or software products such as
QuickBooks to keep track of personal or business expenses.

« Office environments must gather and store and manage information for a wide range
of topics or subjects, such as customers or clients, appointments, or customer orders.

« Business environments must manage a much wider scope of data regarding the infor-
mation and data needed to run or manage the business.

o Users using computers in government offices need computers to manage their
jobs. For those working as analysts in the Department of Defense (DOD) or in the
Intelligence Community, the nature of the job is continually expanding, requir-
ing analysts to monitor or track new information or data as it becomes available.
Analytical teams continually face the responsibility of analyzing new and evolving
forms of information to identify and extract information of relevance using software
tools available to them. Often, that means having not much more than the desktop
Microsoft Office products ranging from Excel to Microsoft Access.

As the data needed by the user or customer community grow in size, complexity, and
importance, the care and feeding of that data requires the use of a database management
system (DBMS) to store, manage, and protect it.
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A DBMS! is a special software package that is designed to define and manage data
within one or more databases. Individual databases, in turn, manage the definition of data
objects/tables in a given subject area and provide controlled user access to that data.

Examples of DBMSs include Structured Query Language (SQL) Server, Oracle, and
Microsoft Access. An SQL Server or Oracle instance would then serve as host to, for exam-
ple, a personnel database.

1.2 GUARANTEED ACCURACY AND AVAILABILITY OF DATA

A DBMS is, by its very nature, built to guarantee the accuracy and availability of data as
updates occur. Updates are bundled as application transactions® that apply all data updates
within a logical unit of work® associated with that application. These updates must be made
on an all or nothing basis; either all the updates are applied, or, if a logical or database error

occurs, none of the updates are applied, leaving all of the data in a clean consistent state
from the user and application perspective.

The application software updating the database issues commands to the database to start
a unit of work. If all updates complete successtully, a commit call is issued to make those
updates permanent. If in the process of making those updates some condition is found that
prevents the update from occurring, a rollback call is made to reverse any updates and put
the data back in a logical state representing the data at the beginning of the transaction.

For example, a user might log on to their banking system and start an update to move
funds from their savings to checking accounts.

« After logging in and starting the transfer, the software performing the updates first
issues a database update to debit the savings account for the specified amount.

« If that update is successful, it issues an update to credit the checking account by that
amount.

« Upon successful completion, a commit call is issued to commit the changes and
release database locks on the rows being updated. An appropriate message would be
sent to the user confirming that the funds transfer was completed.

« If, however, the update to the checking account failed (e.g., the user entered the wrong
savings account number), a rollback call would be made to reverse all updates made,
and an appropriate error message would be sent to the user. As a result, the database
and the underlying data are left in a clean, consistent state.

The ACID* properties (atomicity, consistency, isolation, and durability) of database systems
and transactions guarantee the accuracy and availability of data.

1.2.1 Atomicity

The atomicity is the all or nothing requirement when making updates. Either all updates made
during the unit or work succeed or no updates are made. This protection includes updates in
a unit of work or transaction, device input/output errors, network errors, and power failures.
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1.2.2 Consistency

Consistency requires that transactions take the database from one valid state to another.
Any and all updates must conform and enforce any referential integrity® constraints
defined. (Referential integrity constraints define and control any one-to-many relation-
ships between tables in a database.)

1.2.3 lsolation

Isolation of database updates involves mechanisms that enable multiple concurrent users
to simultaneously access and update the same data elements within a database.

As database updates occur, locks are transparently placed on updated rows that prevent
subsequent users to access or update those rows until the updating process commits those
updates and the locks are released. Any processes requesting access to rows being updated
are held/delayed until the updater’s commit point is made.

1.2.4 Durability

This feature/requirement ensures that any updates made by a transaction (i.e., a unit of
work completed and updates committed) will survive a subsequent system error or prob-
lem, for example, a system failure or a power or disk failure.

Database systems have mechanisms/features that support a full database backup. In
addition, database systems log updates to nonvolatile devices (a database log file) as updates
are made to the database. If/ When necessary, a database can be rebuilt/recovered totally by
first using the database backup to recover all data to the point the backup was made, then
using the database log to reapply all updates made to the database after that point in time.
This subject is covered in more detail in Section 1.6.

1.3 DYNAMIC ALTERATION OF DESIGN

Relational database management system (RDBMS) represent the third generation of
DBMS products. As one of their key features, these products give the user the abil-
ity to dynamically add or drop columns to data or make other changes live while the
database is online and being updated by users. That provides a significant change
over the second-generation hierarchical systems that had to be taken down and modi-
fied off-line to apply changes. Third-generation systems include products such as SQL
Server, Oracle, and Microsoft Access.

Note that MySQL is touted as an RDBMS and it has many relational-like features.
However, it has significant limitations that, in my opinion, prevent it from being classified
as a true RDBMS.

For example, each table in MySQL is implemented as a flat file with indexes as
needed to support data retrieval. If/When any changes are required, for example,
a column is to be added, MySQL creates a new temporary table with the new col-
umn, copies all records from the original file to the new, and then deletes and
renames the old and new files accordingly.
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In a former role, I prototyped a MySQL implementation for a data collection appli-
cation running a UNIX (Solaris) server. As the prototype progressed, it was no
surprise to find that I needed to add new columns to the MySQL table to help track
information about what was being collected. I found that the time requirements to
make changes to a MySQL table with a million rows were anything but transparent.

As a work around, I then made what I hoped was a one-time modification to the
table adding spare columns (Sparel, Spare2, Spare3, etc.) with the plan of renaming
these columns if/when needed to reflect application-specific, meaningful names.
That helped, but even then I found that MySQL required/used too much overhead
for managing large tables.

The ability to dynamically change table definitions can, in most products, be made using
that product’s database administrator (DBA) graphical user interface, or by working at the
command line by issuing commands using the product’s data definition language (DDL).
The DBA user interface is much easier and quicker to use, but when supporting mission-
critical applications, change management procedures are used to control updates across
multiple environments and platforms, each with their own copy and version of the applica-
tion database.

+ A Development platform is used to design, develop, and test individual software com-
ponents and tables within a database.

 Incremental changes are made by manually running DDL changes at the command
prompt.

« Allincremental changes are accumulated as they are applied, creating a change pack-
age with all modifications needed for that release.

« When all changes have been made and tested for a software release, a Test platform
is used.

« With the test system database configured for the older software release, the change
package is applied and the software release is tested to ensure all updates have been
correctly applied and the software works as intended.

o If errors are found, the change package must be revised as necessary and the entire
update process repeated.

o After changes have been successfully applied and tested on the Test system, the
change package is ready to be applied to the Production platform.

The careful application and use of change packages on the Test platform allows the sched-
uling of downtime of the Production system with the expectation of no surprises when the
updates are applied.
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1.4 DYNAMIC QUERIES—ANY DATA, ANY TIME

Although RDBMS products made a huge improvement by allowing dynamic changes, an
even more significant enhancement was through the implementation of the SQL language.
This gives the user the ability to ask for any data, at any time. For example, any autho-
rized user can connect to the database and, using one of several query managers typically

available, issue a command to retrieve data using the command syntax, where {} indicates
optional parameters:

“SELECT <column name(s)> FROM <table name> {WHERE <column name> =
<values>};”

For example,

“SELECT First Name, Last Name FROM EMPLOYEE WHERE DEPT-NUMBER =
12;11

would retrieve the first and last names from the Employee table where that table’s DEPT-
NUMBER column has a value of 12.

SQL has, of course, many variations to extend the power and flexibility of the com-
mands issued. Some simpler examples are

“SELECT * FROM EMPLOYEE;"”

would retrieve/display all columns in the Employee table;
“SELECT COUNT (*) FROM EMPLOYEE;"”

would display the number of Employees in the Employee table; and
“SELECT MAX (Annual Salary) FROM EMPLOYEE;”

would display the highest annual salary found in the Employee table.

The power of SQL is multiplied by creating a “View” of two or more tables that create a
virtual object to query against. For example, a View can be created named “Department_
Employees” that combines the Department table with the Employee table matching the
DepartmentID column in Department with the DepartmentID in Employee.

Using this virtual table,

“SELECT * FROM DEPARTMENT EMPLOYEES WHERE DepartmentID = 12;”

will list all information for employees that are assigned to Department 12.

Developers and users, however, must be aware that SQL implementations are not all
equal.” RDBMS vendors have worked together over the years to define and implement
SQL within their products beginning in 1986. However, at the implementation level, SQL
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commands will vary depending on the RDBMS product being used. The major vendors
support the basic SQL standards (i.e., their product will provide some specific function-
ality), but the details of implementation will be different. For example, SQL provides for
a wildcard character to allow/support either single character matches or to match any
number of characters in a search string. If using SQL Server or Oracle:

“SELECT * FROM PRODUCTS WHERE Product Name LIKE ‘DELL%’;”

will display all information from the products table for product names begin with “DELL.”
If using Microsoft Access, this command would be

“SELECT * FROM PRODUCTS WHERE Product Name LIKE ‘DELL*’;”

to match the wild card character used in Access.

In addition, each vendor will include their own SQL enhancements (features going
beyond the standard) to support their products’ competitive advantage.

Fortunately, from the developer’s point of view, 90%-95% of their SQL skills will
transfer/apply when working with another RDBMS product.

1.5 REFERENTIAL INTEGRITY ENFORCEMENT

A database will contain multiple tables, each containing information about one type of
information to be stored in the database. For example, an employee database might have
a table for department, one for employee, and another for employee-deduction. Each table
contains detailed information about that particular item/object, each containing at a mini-
mum the following information:

Department
DepartmentID
DepartmentName

DepartmentManagerID

Employee
EmployeeIlD
EmployeeFirstName
EmployeeMiddleName
EmployeeLastName
EmployeeWorkPhoneNumber
EmployeeHomePhoneNumber
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EmployeeStreetAddress
EmployeeCity
EmployeeState
EmployeeZipCode

DepartmentID

Employee-Deduction
EmployeelD
DeductionCode
DeductionAmount
When the tables are loaded, information for each occurrence is loaded as a row in the

respective table and each data element/value is associated with its respective column in the
table. For example, a row in the department table might have the following content:

DepartmentID DepartmentName DepartmentManagerID
SalesAreal Northern Virginia Marketing E1005

Looking at the employee table, the first row for an employee assigned to the above-
mentioned department might appear as follows:

EmployeeIlD EmployeeFirstName EmployeeMiddleName EmployeeLastName e DepartmentID
E2001 Albert Alan Smith SalesAreal

Note that the relationship between the Department row for the Northern Virginia
Marketing unit and the Employee row for Albert Smith is determined by the fact that the
DepartmentID, “SalesAreal,” is stored as the value for the DepartmentID column in the
Employee table. This illustrates the one-to-many relationship between Department and
Employee and is referred to as Referential Integrity.

Referential Integrity is fundamental to data integrity and is normally activated and
enforced by the RDBMS as data are inserted or deleted from individual tables. For example

« Any DepartmentID value assigned to a new employee must match a DepartmentID
value in the Department table.
« Any new Employee-Deduction rows must contain a valid/matching EmployeelD.

« More importantly, if/when an employee is terminated, all Employee-Deduction rows
will be automatically deleted without the programmer having to remember to per-
form that function.
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1.6 BACKUP/RECOVERY

All DBMSs have, inherently, built-in backup/recovery systems. If the database fails
(e.g., the underlying disk drive(s) fail), the database can be restored to the point of failure;
that is, restored to contain data up to the last unit of work completed before the failure
occurred. Depending on the DBMS product being used, backup/recovery services include

some combination of the following:

o A mechanism/service to create a complete cold backup (i.e., the data are offline and
not being updated).

« A mechanism/service to create a hot backup (i.e., the database is online and being
backed up while the backup is being made).

« Depending on the RDBMS, incremental or partial services may be available to record
all changes to the database since the last backup was made.

+ A logging service to record all updates to the database as they are being made to a
log file. In a non-RAID (redundant array of inexpensive disks) environment, the log
file(s) should be stored on a different disk drive from that used to store the RDBMS
tables to avoid losing both the data and the log file if the disk drive fails.

+ Depending on the RDBMS, dual log files may be maintained to mitigate problems/
issues if errors are encountered when using the primary copy.

Both SQL Server and Oracle support cold, hot, and incremental backups.
As hot backups are taken while the database is being updated, there are additional tech-
nical issues involved to deal with log records created while the backup is being taken.
Backup/Recovery operations consist of the following:

o Taking a full backup of the database: This operation takes a complete copy of the data-
base and provides the initial starting point for a future recovery operation. Depending
on the size of the database, cold backups could require a significant amount of time.

o Logging all changes as the database is updated: Logging operations are a funda-
mental component of all RDBMSs. To ensure logs are always available for recovery
operations, dual logging may be used to create two copies when logs are written to
non-RAID devices.

 Recovering the database: A recovery operation starts with the last full backup of the
database and applies all log updates made up to the point of failure.

« Note that the database must be offline to users during the recovery operation.
Depending on the size of the backup and the number of logs required, the time
required could be unacceptable to the user community.

» More frequent cold database backups shorten the time for database recovery but
normally require more downtime for the user community.
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o Ifincremental/partial backups were taken, the recovery would start with the last full
image of the database, apply the latest incremental/partial backup, and apply logs
made after the incremental/partial backup were taken. This approach is more com-
plex to manage but significantly reduces the time required to recover the database.

« Note that this operation requires having a full and usable copy of the database.
If database backups are taken to non-RAID devices, a second copy should be taken
for critical databases to ensure a usable backup file is available if/when needed.

» Recovery operations might also be required in case of extensive user operations/
issues. For example, a full backup of the database is advisable before applying a new
software release for the user. If the software upgrade causes major issues/problems,
the entire system must be restored to a point before the software update was made.

o Service agreements: Major database operations require a database recovery plan,
which details the use and frequency of full and partial database backups. The plan
is included as part of the service agreement drawn up for the user, specifying the
acceptable down time to the user community if database recovery is involved.

1.7 FAILOVER

As noted in Section 1.1, a single instance of an RDBMS may, in turn, serve as host to mul-
tiple databases. Backup and recovery mechanisms have always been used to guarantee the
availability of the data for a database hosted by the RDBMS. Failover mechanisms have
more recently been implemented to guarantee the availability of all databases running on
that RDBMS in the event of a host or RDBMS software failure.

In setting up a failover environment, a remote copy of the source database is created on
another host, either within the same computer complex, in another building, or even in
another city. When normal processing on the host resumes, all log updates are recorded on
the local log and transmitted to the remote log as well. In the event of a system failure, all
connections and processing active on the failed host are switched to the failover host and
RDBMS instance and processing resumes.

If the database is important enough to have failover protection, determination of the
failover site involves a number of issues.

« A failover environment requires a high speed, secure network connection between
the primary host and the failover host to handle the volume of database log activity
as processing occurs.

« A failover host in the same building as the primary host is fairly easy to set-up and
manage. However, this provides no protection if the building is lost due to storm
damage or through an act of terrorism.

« A failover host in a nearby building may be economically practical in the sense of
installing a sufficiently fast network but may still be at risk if a natural disaster or
storm occurs in the city.
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A failover host at a remote location will of course provide more protection by the
physical separation of the buildings, but the cost of a secure high speed network may
be cost-prohibitive.

Now let us take a look at the detail involved in setting up and running an RDBMS and its
associated databases.

1.8 TYPICAL INSTALLATION

o The first step in creating a database is to install the system software for the RDBMS
itself.

o For light and small databases, Microsoft Access comes preinstalled as part of the
Professional or Enterprise versions of Microsoft Access.

o SQL Server runs in a Windows environment and comes with an installation disk
that is very straightforward to use. The installer must of course first choose a disk
drive for the system software and later indicate which system options are to be
installed.

As part of the installation sequence, the installer must specify what type of
accounts may be used to access the data. The default is for a system/Windows
account, but SQL Server accounts may also be used. These are accounts known
and managed only by SQL Server, which I personally prefer. As a senior DBA,
I want total control of establishing account names and controlling who can
access what and remove all responsibility for database account control from
system administrators.

As part of the installation process, an SQL Server system administrator account and
password are created.

Note that depending on the particular version of SQL Server being installed and
the version of Windows software being used, prerequisite software updates may be
necessary. If the host computer has an internet connection, any required software
will be automatically found and downloaded. If, however, the host computer does
not have an internet connection, the installer may have to use another computer to
download the update from the internet, sneaker-net/copy the update to the com-
puter being used and run the update, then try to continue with the SQL Server
installation.

+ Oracle runs on both Windows and UNIX. My experience with Oracle has been
limited to building and managing high-performance, high-availability systems on
Solaris. Windows platforms cannot support the availability requirements of a data-
base that cannot be down for more than a couple of hours every year, and of course
Windows platforms are prone to security exposures/issues.
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Oracle provides a written procedure for UNIX installations that are very straight-
forward. There are two steps, however, that require a user with root privileges to
perform.

After the RDBMS software has been installed, a database can be created. As part of
that process, the DBA must make decisions on how many files (or Oracle Tablespaces)
will be used to store data, where the various data files will be placed (i.e., what disk
drive(s) to use), and where to store the log files needed for database recovery.

All of these decisions must be made with an eye toward performance. Let us take a minute
to review how data are managed.

« Rows in a table are stored in a page, the smallest amount of data managed by an
RDBMS in I/O operations.

Some RDBMS systems (e.g., Oracle) allow the DBA to specify the page size. A large
page size would be chosen if the data in the table are often processed sequentially;
therefore, with one I/O operation, many rows are retrieved and can be accessed with-
out requiring another I/O operation. A small page size would be chosen if the rows
are processed in a random sequence; the smaller page size would be transferred more
quickly than a large one.

SQL Server, on the other hand, has a fixed page size.

o When a new row is added to a table, the RDMBS will first identify a most desirable
block. Each table will normally have a unique key column (or set of columns), and
the page with the row having the next lowest key value would be the most desirable
location to store the new row.

o After storing the new row, one or more indexes must now be updated to record the
row just added. Each index, in itself, contains a layered set of values, represented in
a tree structure that must be traversed to do a lookup. As a result, for each index,
two or three I/Os may be required to make that update. This operation must then be
repeated for each index associated with that row.

In summary, the addition of just one row to a table requires multiple I/Os to add the row itself
and to update all of the associated indexes associated with that table. The time required to
perform these operations can be drastically reduced if the files being updated can be spread
across multiple devices so that multiple I/O operations can be performed simultaneously.

If the host computer is built which has multiple disk drives available, the following types
of data should be placed on different disk drives:

o The RDBMS software.

o Data files for the database tables.
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o Index files should be placed on a different drive(s) from the data files.

o If at all possible, the RDMBS log file must be on a different drive from data files to
ensure recoverability in case the data drive fails.

If the host computer has nothing but a single disk drive, you can, of course, implement the
RDBMS, its databases, and log file(s) on that host. Of course, additional disk drives would
support a higher performance level and have greater odds of being recoverable should a
failure occur.

RAID? implementations work well and are used whenever possible to support an RDBMS
and its databases. In each case, a RAID configuration is used to support I/O operations as
it was one physical drive. The more significant RAID types used are

e RAID 0: RAID 0 stripes or spreads the I/O activity across all drives in the RAID unit.
Although having no protection for device failure, this implementation is used where
speed is the primary factor.

e RAID I: RAID 1 implementations focus on disk failure by configuring drives such
that every drive used has a backup or copy. All I/Os are targeted to both, and if one
drive fails, the second drive will continue to support all I/O activity.

e RAID 5: RAID 5 stripes data to support fast performance but includes parity func-
tions that allow operations to continue if a single device fails. A minimal RAID 5
system with four disks would stripe data across three drives and use the fourth
for parity. This configuration supports a higher level of performance while pro-
viding protection for a single device failure. However, when a file (or table) is
updated, additional overhead is generated to make not only the file update but
update the parity map as well. If the RDBMS is update intensive, this overhead
could be significant.

o RAID 10: RAID 10 provides the best of both worlds. Data are striped to support fast
I/O, and each disk has a copy to protect against device failure. Expensive, yes, but it
supports the highest performance as well as protecting against device failure.

RAID drives are game changers when configuring an RDBMS and its databases. A single
RAID 5 system could be used to store and manage all data, indexes, and logs, provid-
ing performance enhancements through striping as well as recovery protection against
device failure. The best possible solution, of course, is to use RAID 10 for everything,
totally removing the DBA from concerns about separation of data and indexes and log
files.

Given an understanding about how to install an RDBMS and creating the associated
databases, the next step involves how to design a database that will meet the user’s needs.
That is covered in Chapter 2.
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QUESTIONS
1. Do you consider MYSQL to be a database? Why or why not?

2. In the context of a database transaction, what is a unit of work? Why is it important?
3. What are the ACID properties of a RDBMS? Why are they important?

4. In a database recovery operation, what files are used to restore the database? What
does each contain?

5. What’s the difference between a Table and a View?

6. Given the following table structure, write an SQL query to find the EmployeeID and
employee name from the Employee table for those assigned to Department 20.

Employee
EmployeelD
EmployeeFirstName
EmployeeMiddleName
EmployeeLastName
EmployeeWorkPhone Number
EmployeeHomePhone Number
EmployeeStreetAddress
EmployeeCity
EmployeeState
EmployeeZipCode
DepartmentID

7. Are SQL queries identical between products such as Microsoft Access, SQL Server,
and Oracle?

8. Write an SQL query to find the number of employees in Department 20.
9. In writing an SQL query, what’s the difference between = and like?

10. You are part of a team configuring a mission critical database for failover. What are
the issues in locating the failover instance in the same building, in adjacent building,
or in a nearby location?

11. What are the differences between RAID 0 and 1?
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12. You are asked to install a RDBMS on a desktop computer with two internal drives.

How would you configure the system across those drives to provide the best possible
backup/recovery protection?

13. Why are Referential Integrity constraints important?

14. A new database has a new table for Department and another for Employee as shown

in Section 1.5, and Referential Integrity constraints created. Files are available to load
each table. Does it matter in which order the tables are loaded? Why or why not?

15. In setting up backup/recovery operations for a database for use by your business,

what considerations are there in making/storing external backups for the database?
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CHAPTER 2

Data Normalization

2.1 INTRODUCTION

The first step in designing a database is to decide what needs to be done by identifying
the data requirements of the users. That sounds deceptively simple, and it can be, but it
usually is not. Why? It is because users, the people for whom the system is being built,
rarely can clearly describe what they need. That is bad enough, but the problems are
often compounded quite unintentionally by the data-processing (DP) staff. These good
folks, normally quite knowledgeable in the current system, know in detail what data exist,
and how the existing programs work. However, what is rarely matches what is needed in
the future system. Often, in-depth knowledge of how the system functions causes tunnel
vision in the DP staft as well as the users and inhibits creative thought in determining the
requirements for a new, enhanced system.

In short, the system design team, composed of user representatives, computer analysts,
and/or programmers, and the database/data administration team, cannot communicate
effectively.

A process called normalization can solve these problems. By using this technique,
users describe what their requirements are without the use of the buzz words and terms
so common in DP. The DP and data administration staff participate in these discussions,
recording data requirements while serving as advisors in the analysis and providing their
insight into what the new system might consist of. Afterward, when all data requirements
have been identified, the technical staff can then decide on the details for a satisfactory
physical database design.

This analysis technique will not be easy for end users to immediately understand and
use. However, only a few basic concepts and definitions are required to begin. With the
proper introduction and coaching, users can fully participate as members of the design
team. Their input is so important to this process that many companies have created
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full-time user positions as data/database analysts to translate requirements into entity/
attribute specifications for the technical development team.

Oh, and do not let the terms entity or attribute confuse or bother you. An entity is just
a collection of data elements that ultimately may be implemented within a table (when
using a relational database management system) or as a file (if implemented in a flat file
system). Similarly, attributes refer to what will become columns in a table (when using a
relational database management system), or fields within rows when implemented using
a flat file system. We are deliberately referring to data elements as entities and attributes
in the design phase in large part to avoid terms that might imply physical implementation
decisions. It is much too early to think about physical design and implementation. Using
this process, we will first analyze what data elements we need by creating a normalized
data model; next, we will analyze how the data are used; and finally, we will make physical
design decisions to product a result that will satisfy user data requirements within accept-
able time frames.

How is this technique different from others? The key is in communication. Users can,
for the first time, concentrate on something they know and understand—a description of
the information they use to perform their jobs—without using any technical terminology.
The DP staft also benefit by hearing a description of the user’s data requirements in the
common language of normalization. At a later point in the design, these data requirements
will be translated by the technical staff into a specific list of data elements required for each
process (or program).

This technique is often referred to as entity/relationship modeling.

2.2 THE LANGUAGE OF NORMALIZATION

To review data and data requirements with user representatives, the terms entity and
attribute must first be defined.

« An entity is something about which information is known. It describes or represents
something of interest to the user, such as a person, a place, or a thing. Typical exam-
ples of entities include employee, payroll record, and department.

 An attribute provides detailed information about an entity. It helps one to identify,
describe, or clarify the entity by providing a value for some quantifiable characteris-
tic or trait. For example, for the entity employee, appropriate attributes would be the
employee’s name, address, social security number, and home phone number. Each
attribute describes the employee by providing detailed information about that person.
For example, John Smith, SSN 111-22-3333, lives at 2505 Hillcrest Drive and has a
phone number of 757-345-1234.

Those of you with DP background have probably matched the terms entity and
attribute with the terms record and field, respectively. That is exactly what they are,
or how they may be implemented. The difference is that entities represent what you
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might ultimately implement in terms of record structures and content; they by no
means represent a physical design decision. It is far too early for that. Physical design
decisions will be made after you have identified all of the data requirements and have
analyzed the overall impact of accessing that data to meet user requirements. The
entity/attribute terminology focuses on the information needed by the user, detailing
the meaning of the information being analyzed. At the same time, these terms help
one to suppress the urge of the technical staff to prematurely jump into physical design
decisions.

What, then, is normalization? For now, let us say it is a technique for reviewing the
entity/attribute lists to ensure that attributes are located where they belong. A more com-
prehensive definition will be given later. For example, an employee entity should contain
only attributes that provide information about the employee. If, by accident or oversight,
an attribute is incorrectly associated with employee, the normalization process will enable
you to identify and correct the error.

In many respects, normalization is simply applied common sense. The end result of the
analysis reflects the same type of logic analysts have used for years; this approach merely
provides a set of formal rules to avoid mistakes or oversights. We will review exactly what
these rules are later in the current chapter.

2.3 CREATING THE ENTITY/ATTRIBUTE LIST

Let us assume that you have formed a design team composed of representatives from the
end user, application programming, and database support staft. Your team has agreed to
use the normalization approach to data analysis and have defined and discussed the terms
entity and attribute. In getting started, what is done first?

As a starting point, search through existing reports or forms to identify data require-
ments. If part of the system is already automated, study the file layouts and/or database
design. If you have already automated some tasks, you will probably need that data in the
new or expanded system. Ask the users what else they need to track. What other informa-
tion will they be wanting in the future? You want to keep those future requirements in
mind, even though the proposed data may not exist for six months or more.

On the other hand, recognize that requirements do change. Most of us who have been
around the DP business for any amount of time can recall, for example, a report that has
been produced for the last five years and is no longer used. You need to be careful to ensure
that the data are still relevant to today’s (and tomorrow’s) business.

Try brainstorming to identify data elements. Less-experienced end users will find the
discussion particularly useful because the DP staff can suggest “if you have this type of
data, then you can perform these functions” For example, bill of material data for a shop
assembly operation would include information on parts that are on order from suppliers.
The anticipated delivery date of parts, along with the cost of each item, could be used
to forecast account payable information for the finance department. As with any type
of brainstorming session, accept all ideas and suggestions without question. Revise and
refine later.
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You will soon find that a massive volume of notes will be generated, along with the need
to get this information organized in some way. The easiest thing to do is to enter these
initial entity/attribute lists in a data modeling tool, such as erwin (discussed in Chapter 5).

Data modeling tools are specialized applications that allow you to capture and
record definitions for entities, their associated attributes, and illustrate the asso-
ciation between entities (the data model). In addition, they support mapping of
logical to physical designs and can generate DDL (Data Definition Language)
statements to create tables in DBMS products such as Structured Query Language
Server and Oracle.

Once these reports are available, review them to verify that an attribute is precisely and
accurately defined. All team participants must agree on these definitions; disagree-
ment often identifies the need for additional attributes to be created. Fortunately, a data
modeling tool greatly reduces the administrative tasks required.

2.3.1 The Order Entry Model

Let us review the data environment that will serve as the sample problem used to illustrate
the database design process.

Assume that you are part of the design team for a company that will advertise and sell
merchandise on the Internet.

« Customers will connect to the company’s website, search Advertised_Items for sale,
and place orders for the items selected. The orders are then filled and shipped to the
customer by the stock room.

 Each item advertised has a reorder level. When the number of items in inventory
drops to or below that quantity, available suppliers are searched and additional items
will be ordered from one of those suppliers on the basis of their current selling price.

The data model to be created will include data requirements to create orders for customers,
to fill orders from the stock room, to monitor inventory quantities, and to reorder items
from suppliers as needed.

As part of the design team, consider the above-mentioned overview of this environment
and try to come up with five or six entities that seem appropriate (e.g. customer). Next,
try to identify at least four attributes for each (as in Customer Name, Address, and Phone
Number). Be sure to clearly define the meaning of each attribute that you identify.

When you have completed your list, compare your answer to that of Figure 2.1. This will
serve as a starting point for the next phase of analysis, as it contains several intentional
errors which will be resolved as part of the normalization process.
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Attribute

Customer
CustomerTelephoneNumber
CustomerName
CustomerStreetAddress
CustomerCity
CustomerState
CustomerZipCode
CustomerCreditRating
OrderNumber

Order
OrderNumber
CustomerPhoneNumber
CustomerName
OrderDate
NumberOfDays
CustomerStreetAddress
CustomerCity
CustomerState
CustomerZipCode
CustomerCreditCardNumber
CustomerCreditCardName
StockNumber
ShippingDate

Advertised_Item
ItemNumber
ItemDescription
ClothingFlag
HealthFlag
ItemWeight
ItemColor
ItemPrice
SupplierCode
OrderNumber

Supplier
SupplierID
CompanyName
SupplierStreetAddress
SupplierCity
SupplierState
SupplierZipCode
StockNumber

Purchased_Item
ItemNumber
ItemDescription
QuantityOrdered
SellingPrice
ShippingDate

Description

The customer’s telephone number

The customer’s name

The street name associated with the customer’s account
The city in which the customer lives

The state in which the customer lives

The customer’s zip code

The credit rating for this customer

An order number for this customer

A unique identifier for each order

The customer’s telephone number

The unique name for this customer

The date when the order was placed

The number of days from when the order was placed until shipped
The street address for where the order is to be shipped
The city to which the order is to be shipped

The state to which the order is to be shipped

The zip code associate with the shipping address

The credit card number used for this purchase

The customer’s name on the credit card used

The stock number for the item purchased

The date the order was shipped

The unique identifier for each Advertised_Item
A description of the item advertised

A code identifying clothing items

A code identifying items as Health and Beauty
The shipping weight for each item

The color of the item

The selling price of the item sold

The unique identifier for the supplier of this item
The order number on which this item appears

A unique identifier for each supplier

The unique name for this supplier

The street address for this supplier’s main office

The city in which the supplier’s main office is located
The state in which the supplier’s main office is located
The zip code for the supplier’s main office

The unique identifier for each advertised item

The unique identifier for each item on an order

The description of the item advertised

The number of items purchased

The price of the item purchased

The date the item purchased was shipped to the customer

FIGURE 2.1  The initial entity/attribute list.
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2.4 CLEANING UP THE ENTITY/ATTRIBUTE LIST

Before beginning the normalization process, the initial entity/attribute list must be checked
for errors or oversights.

2.4.1 Problem Type 1—Synonyms

A synonym is created when two different names are used for the same information
(attribute). If an attribute resides in more than one entity, insure that all entities use the
same attribute name.

For example, the attributes “SupplierCode” and “SupplierID” below are both intended to
represent the unique identifier (key field) for supplier. As they have been spelled differently,
this represents an error.

Advertised_Item Supplier
SupplierCode <==error  Supplier]D <== error

By using more than one name for the same attribute will cause many problems, including
a failure to recognize one-to-many (1:M) relationships when the data model is developed.

Advertised_Item Supplier
SupplierID <== correction  SupplierID

2.4.2 Problem Type 2—Homonyms

A homonym is the reverse of a synonym. Just as you cannot use different names for the
same attribute, you cannot use the same name for different attributes.

For example, the attribute “CompanyName” under the Customer entity refers to a differ-
ent data element “CompanyName” under Supplier. This is another error in data definition.

Customer Supplier

CompanyName - The unique name CompanyName - The unique
for this customer <== error name for this supplier <== error

One or both names must be changed to reflect their differences.

Customer Supplier

CustomerName - The unique name  SupplierName - The unique name
for this customer <== correction  for this supplier <== correction

2.4.3 Problem Type 3—Redundant Information

This problem, in which the same information is stored in two different forms or ways, is
a bit harder to spot. One way to check for it is to consider if the value of any attribute is
known or is derivable through the other attributes defined.

For example, in an “Employee” entity, storing an employee’s age is redundant informa-
tion when the birth date is also stored as an attribute.
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Employee
EmployeeAge <== error
EmployeeBirthDate <== error

In this example, removing EmployeeAge will eliminate the error condition. When needed,
the employee’s age can be derived using the EmployeeBirthDate and the current date.

2.4.4 Problem Type 4—Mutually Exclusive Data
Mutually exclusive data exist when attributes occur, all the values of which, perhaps
expressed as yes/no indicators, cannot be true for any single entity.

As an example, consider an Employee entity with attributes of “Married” and “Single.”

Employee
Married <== error
Single <== error

Errors of this type often represent values of a larger category. Whenever possible, resolve
the error by creating the larger categorical attribute.

In this case, these two elements can be resolved by creating an attribute of
“MaritalStatus,” which would have a value of either M (Married) or S (Single).

Employee

MaritalStatus—An indicator of
the Employee’s marital status

Study Figure 2.1 and see what suggestions you would make to correct any discrepancies as
defined earlier. When you are finished, compare your list with the comments below, and
the revised entity/attribute list shown in Figure 2.2.

2.4.5 Problem Type 1—Synonyms

Customer Order

CustomerTelephoneNumber <== error CustomerPhoneNumber <== error

Note that the CustomerTelephoneNumber in Customer and CustomerPhoneNumber in
Order refer to the same attribute but have different names. CustomerPhoneNumber will be
changed to CustomerTelephoneNumber.

Customer Order
CustomerTelephoneNumber CustomerTelephoneNumber <== correction
Advertised_Item Supplier

ItemNumber <== error StockNumber <== error
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Attribute

Customer

CustomerTelephoneNumber

CustomerName

CustomerStreetAddress

CustomerCity
CustomerState
CustomerZipCode

CustomerCreditRating

OrderNumber

Order
OrderNumber

CustomerTelephoneNumber

CustomerName
OrderDate

ShippingStreetAddress

ShippingCity
ShippingState
ShippingZipCode

CustomerCreditCardNumber
CustomerCreditCardName

StockNumber
ShippingDate
Advertised_Item
ItemNumber
ItemDescription
ItemDepartment

ItemWeight
ItemColor
ItemPrice
SupplierID
OrderNumber

Supplier
SupplierID
CompanyName
SupplierStreetAddress
SupplierCity
SupplierState
SupplierZipCode
ItemNumber

Item_Ordered
ItemNumber
ItemDescription
QuantityOrdered
SellingPrice
ShippingDate

Description

The customer’s telephone number

The customer’s name

The street name associated with the customer’s account
The city in which the customer lives

The state in which the customer lives

The customer’s zip code

The credit rating for this customer

An order number for this customer

A unique identifier for each order

The customer’s telephone number

The unique name for this customer

The date when the order was placed

The street address for where the order is to be shipped
The city to which the order is to be shipped

The state to which the order is to be shipped
The zip code associate with the shipping address
The credit card number used for this purchase
The customer’s name on the credit card used
The stock number for the item purchased

The date the order was shipped

The unique identifier for each Advertised_Item

A description of the item advertised

A code classifying the item into one of the various product
categories of items for sale

The shipping weight for each item

The color of the item

The selling price of the item sold

The unique identifier for the supplier of this item

The order number on which this item appears

A unique identifier for each supplier

The unique name for this supplier

The street address for this supplier’s main office

The city in which the supplier’s main office is located
The state in which the supplier’s main office is located
The zip code for the supplier’s main office

The unique identifier for each advertised item

The unique identifier for each item on an order

The description of the item advertised

The number of items purchased

The price of the item purchased

The date the item purchased was shipped to the customer

FIGURE 2.2 The revised entity/attribute list.
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The ItemNumber attribute represents the unique identifier for each advertised item, as
does StockNumber in Supplier. The same attribute name must be used in both entities as
they represent the same information.

Advertised_Item Supplier

ItemNumber ItemNumber <== correction

2.4.6 Problem Type 2—Homonyms

In Figure 2.1, the customer’s address appears in both the Customer and Order entities with
the same attribute names, but they refer to different data elements.

Customer Order
CustomerStreetAddress <== error CustomerStreetAddress <== error
CustomerCity <== error CustomerCity <== error
CustomerState <== error CustomerState <== error
CustomerZipCode<== error CustomerZipCode<== error

The Customer address attributes refer to the address associate with the customer’s account/
home location, but the Order’s address attributes refer to where the order is to be shipped.
The Order attributes must be changed.

Customer Order
CustomerStreetAddress ShippingStreetAddress <== correction
CustomerCity ShippingCity <== correction
CustomerState ShippingState <== correction
CustomerZipCode ShippingZipCode <== correction

2.4.7 Problem Type 3—Redundant Information

In Order, the NumberOfDays was defined/intended to track the length of time between
when the order was placed and when the order was shipped. The same result can be
obtained by finding the difference between the OrderDate and ShippingDate attributes.
Therefore, NumberOfDays can be eliminated.

2.4.8 Problem Type 4—Mutually Exclusive Data

In Advertised_Item, the ClothingFlag attribute classifies the item as a clothing item,
whereas HealthFlag classifies the item as a health/beauty product. They both cannot be
true for any single item.

This is fixed by removing both from Item and adding a new attribute ItemDepartment.

Item

ItemDepartment — A code classifying each item into one of the various product categories of items for sale

Figure 2.2 shows the corrections described earlier.
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2.5 NORMALIZATION

Now that a clean entity/attribute list exists in which an attribute has one and only one
name as well as a unique meaning, the normalization process can begin.

More formally stated, normalization is the process of analyzing the dependencies
between attributes within entities. Each attribute is checked against three or more sets of
rules, then making adjustments as necessary to put each in first, second, and third normal
form (3NF). (It is possible you may want to move further to fourth or fifth normal form
[5NF], but in most cases, 3NF is not only adequate, but preferred; more later.) These rules
will be reviewed in detail in the next section and provide a procedural way to make sure
attributes are placed where they belong.

Based on mathematical theory, normalization forms the basis for the implementa-
tion of tables within relational database systems. In practice, it is simply applied common
sense; for example, you should only put attributes in an employee entity (table) attributes
(or columns) that describe the employee. If you should find an attribute that describes
something else, put it wherever it belongs.

Employee
EmployeeID
DeductionAmount <== error

In this example, DeductionAmount should not be associated with Employee, because it
does not provide information about the employee as a person or individual. Instead, it pro-
vides additional detail about a payroll deduction for that employee. A Payroll Deduction
entity would be created, if necessary, and DeductionAmount moved to it.

Employee Payroll Deduction

EmployeelD <== unique employee identifier EmployeelD <== identifies the employee involved
PayrollDate
DeductionAmount

Practical issues, typically related to performance, may later require you to use tricks of one
kind or another when setting up physical structures. But you are not there yet! Place your
data in 3NF and do all subsequent analysis with that view of data. Later, when all require-
ments are known, and after considering usage requirements, decisions will be made regard-
ing physical structures. If at that time non-third normal structures are needed for reasons
of efficiency, fine. For now, however, it is far too early to make judgments or decisions
related to physical design.

The following steps put the data model into, successively, first, second, and 3NFs. Keep
in mind two points. First, although they may appear overly meticulous, they provide the
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user with specific guidance on how to put the data model into 3NF. Second, after you have
developed several data models, the result will appear as common sense to you, and you will
tend to think third normal and create entity/attribute data models in 3NF automatically. So,
although the process appears to be tedious, it really is not.

2.5.1 First Normal Form

In his book, An Introduction to Database Systems, C. ]J. Date gives the definition of first
normal form (INF) as “A relation R is in first normal form (INF) if and only if all underly-
ing domains contain atomic values only.” It is important to note that, in Date’s discussion
of this topic, it is implied that a relation has a primary key associated with it.

I prefer to rephrase this definition by giving the following criteria. An entity is in 1NF if

1. All entities must have a key, composed of an attribute or combination of attributes
which uniquely identify one occurrence of the entity.

2. For any single occurrence of an entity, each attribute must have one and only one
value.

2.5.1.1 Requirement 1—Keys to Create Uniqueness

For a specific value for the key attribute(s), there can only be one occurrence of the
entity. For example, in the entity Advertised_Item, the ItemNumber is used to identify
one unique Advertised_Item. Of course, the key should be unambiguous; there must be
no question or confusion on what ItemNumber identifies. In addition, the key must be
constant/unchanging over time. If an entity does not have a unique key, one must be created
to provide a unique identifier for each occurrence of the entity.

There may, in fact, be more than one within an entity to obtain uniqueness. Analyze
each and pick (or create) an attribute that clearly communicates/identifies the associated
entity.

In the Customer entity, CustomerName appears to be good choice to identify custom-
ers. However, in practice, using names (particularly for businesses) creates many problems.
First, different businesses can exist having the same name. In addition, a business may
often be referred to by many names; I was once told that there are 27 different ways to spell
or refer to AT&T. Although we need a standard spelling for the name for each customer,
using CustomerName as a key introduces many problems.

Also in the Customer entity, CustomerTelephoneNumber would uniquely identify each
customer but would be a poor choice for a key. First, the number itself does not have much
inherent meaning. In addition, if the customer were to move their office to another loca-
tion, the CustomerTelephoneNumber would change, and data relationships based on the
old telephone number would no longer exist.
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For the Customer entity, I recommend creating a new attribute Customerldentifier,
based on an alpha-numeric combination of characters that are of course unique for each
customer.

If you do find two candidates for keys, perhaps one can be eliminated. In many cases,
however, both may be needed (as in the CustomerName and CustomerTelephoneNumber
above). They each are required to provide different information about any specific cus-
tomer instance. In this example, CustomerName can be considered a secondary key
(i.e., an entity that uniquely identifies uniqueness but is not practical to use as a primary
identifier).

Review the revised entity/attribute list in Figure 2.2 and identify keys for each entity.
When finished, refer to Figure 2.3 in which the key attributes are identified with an “**”
indicator.

2.5.1.2 Requirement 2—Attributes Can Have Only One Value
The second requirement for INF is often stated as “an entity must have no repeating
groups.”

To understand what a repeating group is, consider the OrderNumber attribute within
Customer. At any given moment, the attribute OrderNumber will have multiple val-
ues, each reflecting a different OrderNumber for that customer at that moment in time.
OrderNumber, therefore, is a repeating group.

As a second example, the ItemNumber attribute in Supplier is also a repeating group
because a supplier normally provides multiple times of items that will be advertised for
sale.

Customer Supplier (Revised in Figure 2.3)

OrderNumber <== error - repeating group ItemNumber <== error - repeating group

In contrast, consider CustomerName in the Customer entity. For a given customer, we
create one unique name for that customer. CustomerName, therefore, is not a repeating
group.

Whenever repeating groups occur, they must be removed and placed where it belongs,
moving it to (or creating it within) the entity to which it belongs. To see what that means in
practice, consider the following example.

Department Employee

DepartmentNumber EmployeeNumber
EmployeeNumber <== error - repeating group

Step 1: The repeating attribute must be removed from the entity in which it appears, after
assuring that the attribute exists in the data model in INF.
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Attribute

Customer
**CustomerlIdentifier
CustomerTelephoneNumber
CustomerName
CustomerStreetAddress
CustomerCity
CustomerState
CustomerZipCode
CustomerCreditRating
OrderNumber

Order
**QOrderNumber
CustomerTelephoneNumber
CustomerName
OrderDate
ShippingStreetAddress
ShippingCity
ShippingState
ShippingZipCode
CustomerCreditCardNumber
CustomerCreditCardName
StockNumber
ShippingDate

Advertised_Item
**TtemNumber
ItemDescription
ItemDepartment

ItemWeight
ItemColor
ItemPrice
SupplierID
OrderNumber

Supplier
**SupplierID
CompanyName
SupplierStreetAddress
SupplierCity
SupplierState
SupplierZipCode
ItemNumber

Item_Ordered
**TtemNumber
**OrderNumber
ItemDescription
QuantityOrdered
SellingPrice
ShippingDate

Description

The alpha-numeric string that uniquely identifies each customer
The customer’s telephone number

The customer’s name

The street name associated with the customer’s account

The city in which the customer lives

The state in which the customer lives

The customer’s zip code

The credit rating for this customer

An order number for this customer

A unique identifier for each order

The customer’s telephone number

The unique name for this customer

The date when the order was placed

The street address for where the order is to be shipped
The city to which the order is to be shipped

The state to which the order is to be shipped
The zip code associate with the shipping address
The credit card number used for this purchase
The customer’s name on the credit card used
The stock number for the item purchased

The date the order was shipped

The unique identifier for each Advertised_Item

A description of the item advertised

A code classifying the item into one of the various product categories
of items for sale

The shipping weight for each item

The color of the item

The selling price of the item sold

The unique identifier for the supplier of this item

The order number on which this item appears

A unique identifier for each supplier

The unique name for this supplier

The street address for this supplier’s main office

The city in which the supplier’s main office is located
The state in which the supplier’s main office is located
The zip code for the supplier’s main office

The unique identifier for each item

The unique identifier for each item on an order

A unique identifier for each order

The description of the item advertised

The number of items purchased

The price of the item purchased

The date the item purchased was shipped to the customer

FIGURE 2.3  The revised entity/attribute list with keys.
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You cannot just throw the attribute away. First ensure that the attribute exists where
it belongs. Analyze what the attribute describes and, if necessary, create a new entity
in INF. Once an entity exists (or is identified), move the attribute to that entity and
remove the repeating attribute in which it was originally found.

In the above-mentioned example, EmployeeNumber is a repeating group with
Department (departments have more than one employee). As EmployeeNumber
was also found (correctly) in Employee, the error is resolved by simply removing
EmployeeNumber from Department.

Step 2: Next, study the relationship between the entities from where the repeating
attribute came from and where it moved fo. Determine if the from-to relationship
is one-to-many (1:M) or many-to-many (M:M).

In the above-mentioned Department-Employee example, the from entity is
Department, and the fo entity is Employee. To determine if this is a 1:M or M:M, ask
“for one Department, are there one or many employees?”, then repeat the question
in reverse by asking “for one employee, are there one or many departments?”. In this
case, one Department has many employees, but one employee is associated with one
department. Therefore, the relationship is 1:M.

When the relationship is 1:M, this is an acceptable relationship and no further adjust-
ments are necessary. If, on the other hand, the answer is M:M, then one final check/
adjustment is necessary before you move to Step 3.

In reviewing the OrderNumber entity in the Customer entity, the OrderNumber
attribute already exists within Order. It can therefore be removed from the Customer
entity. Next, in checking the relationship between the Customer and Order entities,
we find that one customer can have many orders, but one order relates to a single
customer. Therefore, there is a 1:M relationship between Customer and Order, and no
further adjustments are necessary.

However, now consider the ItemNumber attribute with Supplier.

o Where does ItemNumber belong to? As it is the unique identifier for an
Advertised_Item, it belongs under Advertised_Item and already exists there. It
can therefore be removed from the Supplier entity.

o Is the relationship 1:M or M:M? One item can be purchased from many sup-
pliers, and a single supplier provides many items. Therefore, the relationship
is M:M.

o Now, we have a problem. The M:M relationship between Advertised_Item and
Supplier requires that we have an entity to hold information (attributes) about
one Advertised_Item when purchased from a unique supplier. For example,
how much does that supplier charge for that item, and what was the quality
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of the merchandise received when that Advertised_Item was ordered from a
unique supplier?

Advertised_Item <<--------------cooooooooooooooo- >> Supplier
**TtemNumber Reorder cost? **SupplierID
Quality of item last received?

If it does not already exist, a new entity must be created to store the attributes common
to the entities in the M:M relationship (in this case, Advertised_Item and Supplier);
see Step 3.

Step 3: Convert each M:M relationship into two 1:M relationships by creating
(if necessary) a new derived entity.

A M:M relationship poses a basic design problem because there is no place to store
attributes common to the two entities involved, that is, attributes that lie in the
intersection of the two entities.

Creating a new entity to store the intersection elements transforms the M:M relation-
ship into two 1:M relationships and provides a storage location for the data common
to the two entities involved.

In the above-mentioned example, create a new entity Reorder_Item, which repre-
sents information for items that can be ordered from suppliers. This modifies the data
model to include two new 1:M relationships:

Advertised_Item <------- >> Reorder_Item <<-------- > Supplier
**ItemNumber **ItemNumber **Supplier]D
**Supplier]D
Reorder_Cost
QualityOfltemReceived

Study the information contained in Figure 2.3 and make a list of any adjustments you
feel are necessary to put the entity/attribute list in INF. When you are ready, compare
your solution to that shown in Figure 2.4.

2.5.2 Second Normal Form
Mr. Date’s definition for second normal form (2NF) is: “A relation R is in second normal
form (2NF) if and only if it is in INF and every non-key attribute is fully dependent on the
primary key.”

I prefer a slight modification by stating this additional requirement as follows:

For 2NF, each nonkey attribute must depend on the key and all parts of the key.

If the value of an attribute can be determined by knowing only part of the entity’s key,
there is a violation of 2NF.
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Attribute

Customer
**Customerldentifier
CustomerTelephoneNumber
CustomerName
CustomerStreetAddress
CustomerCity
CustomerState
CustomerZipCode
CustomerCreditRating

Order
**OrderNumber
CustomerTelephoneNumber
CustomerName
OrderDate
ShippingStreetAddress
ShippingCity
ShippingState
ShippingZipCode
CustomerCreditCardNumber
CustomerCreditCardName
ShippingDate

Advertised_Item
**TtemNumber
ItemDescription
ItemDepartment

ItemWeight
ItemColor
ItemPrice

Supplier
**SupplierID
SupplierName
SupplierStreetAddress
SupplierCity
SupplierState
SupplierZipCode

Item_Ordered
“*TtemNumber
**OrderNumber
ItemDescription
QuantityOrdered
SellingPrice
ShippingDate

Restock_Item
**ItemNumber
**SupplierID
PurchasePrice

Description

The alpha-numeric string that uniquely identifies each customer
The customer’s telephone number

The customer’s name

The street name associated with the customer’s account

The city in which the customer lives

The state in which the customer lives

The customer’s zip code

The credit rating for this customer

A unique identifier for each order

The customer’s telephone number

The unique name for this customer

The date when the order was placed

The street address for where the order is to be shipped
The city to which the order is to be shipped

The state to which the order is to be shipped
The zip code associate with the shipping address
The credit card number used for this purchase
The customer’s name on the credit card used
The date the order was shipped

The unique identifier for each Advertised_Item

A description of the item advertised

A code classifying the item into one of the various product categories
of items for sale

The shipping weight for each item

The color of the item

The selling price of the item sold

A unique identifier for each supplier

The unique name for this supplier

The street address for this supplier’s main office

The city in which the supplier’s main office is located
The state in which the supplier’s main office is located
The zip code for the supplier’s main office

The unique identifier for each item on an order

A unique identifier for each order

The description of the item advertised

The number of items purchased

The price of the item purchased

The date the item purchased was shipped to the customer

The unique identifier for each item on an order
A unique identifier for each supplier
The current cost of this item if purchased from this supplier

FIGURE 2.4 The first normal form entity/attribute list.
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Consider the following definition of a Payroll Deduction entity to record deductions for
every paycheck.

Payroll Deduction

**EmployeelD

**DateDeductionTaken

EmployeeName <== 2NF error; dependent only on EmployeeID
DeductionType

DeductionAmount

Here, the EmployeeName is an error for 2NF because the name is dependent only on the
EmployeelD and not the date when the deduction was taken.

Any adjustments for 2NF violations follow the same steps as for 1NF errors. First,
ensure that the attribute in error exists correctly in INE Next, check the relationship
between the entity in error (here it is Payroll Deduction) and the entity in which the
attribute is correctly associated (Employee). If there is a 1:M relationship, no further
adjustments are necessary. However, if there is an M:M relationship between these
entities, verify that the intersection entity exists, and if necessary, create that derived
entity.

Almost all violations of 2NF are found in entities having more than one attribute con-
catenated together to form the entity key. It seems almost trivial to state that, for entities
with a single key, nonkey attributes must rely on that key. (For example, in a Customer
entity, you would expect to find only attributes that provide information about that cus-
tomer.) If, when the entity/attribute lists are created, keys were immediately identified and
checks made to ensure that only attributes dependent on that key were added, you need
only check entities that use concatenated attributes for keys. If that initial check was not
done, you should check all attributes in each entity to verify that attributes are dependent
on that entity’s key.

Take a look at the INF solution in Figure 2.4 and determine what, if any, further adjust-
ments are necessary to move to 2NF. When you are finished, compare your results to
Figure 2.5.

2.5.3 Third Normal Form

Finally, Mr. Date gives a definition for 3NF as follows: “A relation R is in third normal form
(3NF) if and only if it is in 2NF and every nonkey attribute is nontransitively dependent on
the primary key.”?

Once again, I prefer to phrase the requirement differently, adding the following criteria
to that for 2NF:

A nonkey attribute must not depend on any other nonkey attribute.
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Attribute

Customer
**Customerldentifier
CustomerTelephoneNumber
CustomerName
CustomerStreetAddress
CustomerCity
CustomerState
CustomerZipCode
CustomerCreditRating

Order
**OrderNumber
CustomerTelephoneNumber
CustomerName
OrderDate
ShippingStreetAddress
ShippingCity
ShippingState
ShippingZipCode
CustomerCreditCardNumber
CustomerCreditCardName
ShippingDate
Advertised_Item
**TtemNumber
ItemDescription
ItemDepartment

ItemWeight
ItemColor
ItemPrice

Supplier
**SupplierID
SupplierName
SupplierStreetAddress
SupplierCity
SupplierState
SupplierZipCode

Item_Ordered
*TtemNumber
**QOrderNumber
QuantityOrdered
SellingPrice
ShippingDate

Restock_Item
*TtemNumber
**SupplierID
PurchasePrice

Description

The alpha-numeric string that uniquely identifies each customer

The customer’s telephone number

The customer’s name

The street name associated with the customer’s account
The city in which the customer lives

The state in which the customer lives

The customer’s zip code

The credit rating for this customer

A unique identifier for each order

The customer’s telephone number

The unique name for this customer

The date when the order was placed

The street address for where the order is to be shipped
The city to which the order is to be shipped

The state to which the order is to be shipped
The zip code associate with the shipping address
The credit card number used for this purchase
The customer’s name on the credit card used
The date the order was shipped

The unique identifier for each Advertised_Item

A description of the item advertised

A code classifying the item into one of the various product
categories of items for sale

The shipping weight for each item

The color of the item

The selling price of the item sold

A unique identifier for each supplier

The unique name for this supplier

The street address for this supplier’s main office

The city in which the supplier’s main office is located
The state in which the supplier’s main office is located
The zip code for the supplier’s main office

The unique identifier for each item on an order

A unique identifier for each order

The number of items purchased

The price of the item purchased

The date the item purchased was shipped to the customer

The unique identifier for each item on an order
A unique identifier for each supplier
The current cost of this item if purchased from this supplier

FIGURE 2.5 The second normal form entity/attribute list.
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If a nonkey attribute’s value can be obtained simply by knowing the value of another
nonkey attribute, the entity is not in 3NF.

For example, in the Order entity, you see the nonkey attributes
CustomerCreditCardNumber and CustomerCreditCardName. There is an obvious depen-
dency between the credit card number and the name on that credit card. A violation of
3NF exists, and CustomerCreditCardName must be removed.

How do we make this adjustment? Once again, repeat the steps covered under
INF adjustments. Make sure the proper entity exists, then check for 1:M versus M:M
relationships. In this case, you need to create a new entity Credit_Card to store infor-
mation about the credit cards that the customer might use. The key for the entity is
CustomerCreditCardNumber, and the CustomerCreditCardName would be a nonkey
attribute.

Start from the 2NF solution in Figure 2.5 and see what other adjustments are necessary
to get to 3NF, then check your solution against that shown in Figure 2.6.

By the way, try this shortcut expression for the rules of normalization.

For an entity to be in 3NF, each nonkey attribute must relate to the key, the
whole key, and nothing but the key.

The entity/attribute list is now in 3NFE and each attribute is where it belongs. Nonkey
attributes appear only once, in the entity which they describe. Attributes in key fields can
(and do) appear in several related entities. These repeated occurrences establish the vari-
ous one-to-many relationships that exist between entities. This redundancy is required
for a relational DBMS, which provides data linkage on the basis of data content only. For
example, those entities related to Advertised_Item (Ordered_Item and Restock_Item)
must all have the Advertised_Item’s key, ItemNumber, stored in them to support access/
data retrieval by ItemNumber.

It is important to keep in mind that the final data structure/design has not been
created/finalized yet. The data model is just a logical view of data elements and how
they relate to each other. This logical structure could be used to create tables and table
structures, but the final decisions on database design and table structures will come
later, after considering the results of how the data will be accessed. This is covered later
in the book.

For now, there is one final step at this part of the analysis, which clarifies your solution
by drawing a picture of the data relationships that have been created.
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Attribute

Customer
**CustomerIdentifier
CustomerTelephoneNumber
CustomerName
CustomerStreetAddress
CustomerCity
CustomerState
CustomerZipCode
CustomerCreditRating

Order
**QOrderNumber
CustomerlIdentifer
OrderDate
ShippingStreetAddress
ShippingCity
ShippingState
ShippingZipCode
CustomerCreditCardNumber
ShippingDate

Ordered_Item
**OrderNumber
**[temNumber
QuantityOrdered
SellingPrice
ShippingDate

Advertised_Item
**[temNumber
ItemDescription
ItemDepartment

ItemWeight
ItemColor
ItemPrice

Supplier
**SupplierID
SupplierName
SupplierStreetAddress
SupplierCity
SupplierState
SupplierZipCode

Restock_Item

**ItemNumber
**SupplierID
ReorderPrice

Credit_Card

**CustomerCreditCardNumber

CustomerCreditCardName

Description

The alpha-numeric string that uniquely identifies each customer

The customer’s telephone number

The customer’s name

The street name associated with the customer’s account
The city in which the customer lives

The state in which the customer lives

The customer’s zip code

The credit rating for this customer

A unique identifier for each order

The unique name for this customer

The date when the order was placed

The street address for where the order is to be shipped
The city to which the order is to be shipped

The state to which the order is to be shipped

The zip code associate with the shipping address

The credit card number used for this purchase

The date the order was shipped

A unique identifier for each order

The unique identifier for each Advertised_Item

The number of items purchased

The price of the item purchased

The date the item purchased was shipped to the customer

The unique identifier for each Advertised_Item

A description of the item advertised

A code classifying the item into one of the various product
categories of items for sale

The shipping weight for each item

The color of the item

The selling price of the item sold

A unique identifier for each supplier

The unique name for this supplier

The street address for this supplier’s main office

The city in which the supplier’s main office is located
The state in which the supplier’s main office is located
The zip code for the supplier’s main office

The unique identifier for each item on an order
A unique identifier for each order
The current cost of new items ordered from this supplier

The credit card number used for this purchase
The customer’s name on the credit card used

FIGURE 2.6  The 3NF entity/attribute list.
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2.6 CREATING THE DATA MODEL

The best way to view the results of this analysis is to draw a pictorial representation of the
3NF data, usually referred to as a data model or a relational view. In this type of diagram,
each entity is represented by a box, which is labeled with the entity’s name. The related
boxes are connected with an arrow, such as

In words, there is a one-to-many relationship between Customer and Order, or, for each

customer, there are many orders.

This is a fairly easy diagram to draw. Begin by simply drawing and labeling a box for
each entity. Then, for each entity, ask “Does the key of this entity exist entirely within
another entity?” If so, connect them with a —ae line.

Draw the data model for the 3NF solution in Figure 2.6 and compare your results with
that shown in Figure 2.7.

Customer Advertised_Item Supplier
**Customerldentifier *ItemNumber **Supplier]D
CustomerTelephoneNumber ItemDescription SupplierName
CustomerName ItemDepartment SupplierStreetAddress
CustomerStreetAddress ItemWeight SupplierCity
CustomerCity ItemColor SupplierState
CustomerState ItemPrice SupplierZipCode
CustomerZipCode
CustomerCreditRating

Ordered_Item Restock_Item
**QOrderNumber **Supp_lierID
**ItemNumber *ItemNumber
QuantityOrdered ReorderPrice
SellingPrice
ShippingDate
Order

**OrderNumber

Customerldentifer

OrderDate

ShippingStreetAddress

ShippingCity

ShippingState

ShippingZipCode

CustomerCreditCardNumber

ShippingDate

Credit_Card

**CustomerCreditCardNumber
CustomerCreditCardName

FIGURE 2.7 The initial entity/attribute diagram.

" Note: 1:M relationships are often drawn using a >------- << connector line.
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Be very rigorous about drawing the 1:M lines and only draw them in which “the key of one
appears within the many” When finished, check your diagram carefully to see that it “makes
sense” You may find two entities that logically should be related but have not been connected
by a line. Adjust the data model attributes as needed to allow you to then add the 1:M line.

For example, in Figure 2.7, common sense suggests that there should be a 1:M relation-
ship between Customer and Credit_Card. One was not drawn in Figure 2.7 because the
customer’s key was not (at that time) in Credit_Card. After reviewing this, it is clear that
there should be a 1:M relationship between these two entities, so we add the customer key
(CustomerIdentifier) to Credit_Card, then draw the 1:M relationship between the two. See
the revised entity/attribute diagram in Figure 2.8.

For completeness, I will now review fourth and 5NFs, although in my experience, they
have limited practical application for real-world applications/databases.

Customer Advertised_Item Supplier
**Customerldentifier **ItemNumber **SupplierID
CustomerTelephoneNumber ItemDescription SupplierName
CustomerName ItemDepartment SupplierStreetAddress
CustomerStreetAddress ItemWeight SupplierCity
CustomerCity ItemColor SupplierState
CustomerState ItemPrice SupplierZipCode
CustomerZipCode
CustomerCreditRating

Ordered_Item Restock_Item
**OrderNumber *SupplierID
**ItemNumber *TromNumber
QuantityOrdered ReorderPrice
SellingPrice
ShippingDate
Order

**OrderNumber

CustomerlIdentifer

OrderDate

ShippingStreetAddress

ShippingCity

ShippingState

ShippingZipCode

CustomerCreditCardNumber

ShippingDate

Credit_Card
**CustomerCreditCardNumber
CustomerCreditCardName
CustomerlIdentifier

FIGURE 2.8 The final entity/attribute diagram.
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2.7 FOURTH NORMAL FORM

Ronald Fagin gives the following definition for fourth normal form. “A relation schema R*

is in fourth normal form (4NF) if, whenever a nontrivial multivalued dependency X -->>
Y holds for R*, then so does the functional dependency X --> A for every column name A
of R*. Intuitively all dependencies are the result of keys.™

Wikipedia restates this definition as “A table is in 4NF if and only if, for every one of its
non-trivial multivalued dependencies X ->> Y, X is a superkey—that is, X is either a candi-
date key or a superset thereof.™

Their example helps one to clarify the meaning behind this change. They show a 3NF
table containing information for restaurants, pizza variety, and delivery area. Note that the
unique key for this table requires the concatenation of all three columns.

Pizza Delivery

**Restaurant

**Pizza_Variety <== 4NF error
**Delivery_Area <== 4NF error

If a restaurant offers all varieties at all locations, the 4NF issue is that Pizza_Variety
depends only on Restaurant and is independent of Delivery_Area. The 4NF solution
would break the above into two tables:

Restaurant Variety

**Restaurant
**Pizza_Variety

Delivery Area

**Restaurant
**Delivery_Area

Although from the theoretical point of view this might provide a cleaner definition/
delineation of data types, in practice it breaks the data into two tables. As a result, when
data about restaurants, varieties, and delivery areas are needed, more I/O is required to
retrieve the same equivalent as opposed to the 3NF solution, and application performance
is degraded.

5NF takes this one step further.

2.8 FIFTH NORMAL FORM

Wikipedia contains the following definition for 5NF. “A join dependency*{A, B, ..., Z}
on R is implied by the candidate key(s) of R if and only if each of A, B, ..., Z is a super-
key for R.”®

Wikipedia’s explanation restates this as “A table is said to be in the 5NF if and only if
every non-trivial join dependency in it is implied by the candidate keys.”
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Once again, there is an example that clarifies the intent of this requirement. The 3NF
solution for information regarding traveling salesman, brands, and product information
calls for a table with the following design:

Saleman Product by Brand

**Traveling_Saleman
**Brand

**Product_Type

To be in 5NF, this information must be implemented in the following table structures:

Product Type by Salesman

**Traveling_Saleman
**Product_Type

Brand by Salesman

**Traveling_Salesman
**Brand

Product Type by Brand

**Brand

**Product_Type

Once again, an implementation based on 5NF requires that the data be implemented across
more tables. Application logic processing these data will generate more I/O activity, and
performance will be degraded.

Does this matter? The answer is “It depends.”

I find it interesting to recall that “It depends” is the correct response to almost any
question on database design or implementation. Then again, after being in this
business for more than 40 years, I have seen or been involved in projects ranging
from the smallest to the largest.

For simple, small systems, the additional I/O may not make a difference. In general, however,
a large, complex system would (in my opinion) generally suffer from a 5NF implementa-
tion. Early prototyping of a solution may be required to predict or measure the performance
of a proposed solution to see if performance will be acceptable. Depending on the size and
importance of the system being designed, two steps are typically taken.

1. Vendors typically publish performance criteria that reflect how a specified config-
uration will perform to a standard workload. Mapping the anticipated application
data workload against these standards can measure the effectiveness of the proposed
configuration.”
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2. A more accurate benchmark can be done by building a scaled-down version of the
database with sample data and running applications or queries to measure database
performance.

Does performance matter? For a database of sufficient size or complexity, absolutely. When
I last worked for Southwestern Bell Telephone/AT&T, I was a manager on the project to
design a database that would support anything the company might sell/offer in the future.
Our design team did an in-depth analysis of the associated data and derived a 5NF set of
entities for this environment. The resulting design contained more than 500 entities. At
this phase, we felt we could not make any performance-related changes in the data model
because we did not want to hamper/prevent more sophisticated data accesses if/when new
data requirements were identified.

When we finished the 5NF solution, we implemented it and used it with a modified bill-
ing program (revised to run against the relational tables) that had to run each night. The
nightly run took days to complete.

So where are we in terms of database design? In practice, I start with a 3NF design as
a hypothetical solution for relational tables. It is my understanding that this, in general,
is an industry practice, and 4NF and above are rarely used outside of academic circles.?
I then analyze data access required to meet application requirements and modify the logi-
cal design as needed to a design for physical tables. These steps will be covered in detail in
the next chapter.

QUESTIONS

1. Define the terms entity and attribute and give examples of each.

2. In developing a new data model for Customers, some having multiple offices, a data
requirement for a “Customer Location” has been identified. Is this an entity, or an
attribute, and why?

Referring to the data model shown in Figure 2.8:

3. If the attribute “PreferredCreditCard” is to be added, how would the entity/attribute
list change?

4. If information were to be added to track the quality of items sold by a supplier, what
changes would be made to the data model?

5. What is the difference between the ItemPrice in Advertised_Item and SellingPrice in
Ordered_Item?

You are asked to participate in creating a logical data model for a physician’s office.

6. List five entities you would expect to see in this data model and give a description of
each.

7. For each entity, list five attributes that would be appropriate for each.
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8. For each entity, what attribute(s) would be appropriate as a key?

9. Develop a data model showing these five entities and their relationships.

You are asked to lead a design team for a new database to be used by your company.
10. Who would you ask to participate as a member of the design team? Why?

11. When developing an initial list of entities for the database, what guidelines would you
give the participants on what to consider/not consider?

12. How would you document the entity/attribute lists as they are developed?

13. What do you feel is the appropriate level for data normalization for the entity/
attribute lists to be developed? Why?

14. Is the database to be used for implementation a factor at this stage? Why or why not?

15. As the logical data model is developed, should any significant usage requirements be
noted or documented? Why or why not?
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CHAPTER 3

Database Implementation

3.1 LOGICAL TO PHYSICAL DESIGN

Let us begin with a review of the (third normal form) 3NF logical data model from
Chapter 2 (Figure 3.1).

In theory, we would like to use this diagram to implement a physical model conforming
as close as possible to this architecture. In other words, we would implement a database
with a table for each of these entities with columns for each attribute. The only replications
of attributes across entities are those needed to make one-to-many associations between
entities.

The advantage of this form of implementation is that any piece of information is
only stored in one place inside the database and table structure. If/When that informa-
tion changes, for example, a Supplier’s name changes, that name must be changed in
only one location. The software application designed for the database is much simpler,
and any database rules (the software implementation of the company’s business rules
and their implementation through data relationships) are simpler to implement and
maintain.

In practice, however, a 3NF physical data model seldom provides an acceptable perfor-
mance level. As a first step after deriving the logical model, we need to look at how the user
needs to access the data to estimate the I/O requirements for that design/implementation.
If we can make changes to the physical model by storing information redundantly, we
can drastically reduce I/O requirements to access information with minor changes in the
application software.
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Customer Advertised_Item Supplier
**Customerldentifier **ItemNumber **Supplier]D
CustomerTelephoneNumber ItemDescription SupplierName
CustomerName ItemDepartment SupplierStreetAddress
CustomerStreetAddress ItemWeight SupplierCity
CustomerCity ItemColor SupplierState
CustomerState ItemPrice SupplierZipCode
CustomerZipCode
CustomerCreditRating

Ordered_Item Restock Item
**QrderNumber **Supp_lierID
**ItemNumber #[temNumber
QuantityOrdered ReorderPrice
SellingPrice
ShippingDate
Order

**QOrderNumber

Customerldentifer

OrderDate

ShippingStreetAddress

ShippingCity

ShippingState

ShippingZipCode

CustomerCreditCardNumber

ShippingDate

®

Credit_Card
**CustomerCreditCardNumber
CustomerCreditCardName
Customerldentifier

FIGURE 3.1 The 3NF logical data model.

3.2 USAGE PATH ANALYSIS

Using the above-mentioned data model, let us review the accesses needed to satisfy some

important, frequently used queries.

o For a specific Customer order, what is the total cost?

Table Search Criteria Number of Rows Why Needed

Customer CustomerIdentifier 1 To get Customer information to be displayed
for verification

Order CustomerIdentifier 1 To get Order details to be displayed

Order_Item OrderNumber Multiple To obtain SellingPrice to compute total cost
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If we change the physical model to add OrderTotalCost to Order, the access paths
would be

Table Search Criteria Number of Rows Why Needed

Customer CustomerIdentifier 1 To get Customer information to be
displayed for verification

Order CustomerIdentifier 1 To get Order details to be displayed
and the OrderTotalCost

Note that the OrderTotalCost information must now be implemented in application
logic, preferably by using a database trigger or stored procedure. Triggers and stored
procedures are the preferred methods to implement business rules, rather than
embedding them within some arbitrary application software module.

For aspecific Advertised _Item, what is the lowest price currently offered by a Supplier?

Table Search Criteria Number of Rows Why Needed
Advertised_Item ItemNumber 1 To get Advertised_Item information
to be displayed for verification
Restock_Item ItemNumber Multiple To get the ReorderPrice values
Supplier SupplierID Multiple To obtain Supplier information

associated with that SellingPrice

If Advertised_Item were modified to include LowestPrice and LowestPriceSupplier,
then the above would change to the following:

Table Search Criteria Number of Rows Why Needed

Advertised_Item ItemNumber 1 To get Advertised_Item information
and the lowest price and its
associated Supplier code

Supplier SupplierID 1 To obtain Supplier information
associated with that SupplierID

Once again, accesses are significantly reduced at the cost of implementing logic within
a trigger or stored procedure to update this information as Supplier price updates are
received.

When Customer information is retrieved, include their preferred credit card number.

Table Search Criteria Number of Rows Why Needed
Customer Customerldentifier 1 To get Customer information
Credit_Card  CustomerIdentifier Multiple To find the Credit_Card information

with the PreferredOption set
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If the Customer table were modified to include a CustPreferredCreditCard column,
access change to the following.

Table Search Criteria Number of Rows Why Needed

Customer Customerldentifier 1 To get Customer
information as well as
their preferred credit card
number

The revised 3NF data model now represents a physical data model, showing all tables
and the columns to be defined within each.

Design modifications are generally always necessary to provide satisfactory levels for
the application. The earlier the performance issues can be identified, the easier they
are to address without impacting software or database changes as design and testing
progress.

3.3 TABLE KEY AND COLUMN DATA TYPES

In reviewing the physical model for the database, the design team must decide on what
to do regarding keys for each table. Normally, this is very straightforward, because the
first step of the normalization process involves identifying a key for each entity. However,
determining the exact form and value for key columns requires consideration of several
factors before detailed physical design decisions can be made.

o Are key column(s) an absolute requirement? In most cases, yes, because database
applications inherently store and update data throughout the life cycle of the data ele-
ments. (This is the time from when data are added to a table until it is deleted because
it is no longer needed.) Without uniqueness, we have no way of retrieving or updating
a specific row in the table.

There are, however, exceptions. If data records are being collected and stored in a
table that can be analyzed and treated as a group without the need to retrieve and
update individual rows, a key identifier/column may not be required. For example, if
bulk data are being collected that includes a column for date and time, that column
can be used to review and summarize results for that date, and that set of rows can be
deleted when no longer needed.

o What data type is appropriate for each key? Are there any inherent business rules that
guide or determine acceptable values?

For example, the Customer table in the physical model has a “CustomerlIdentifier”
column that will uniquely retrieve one specific row for a Customer. The user may
have business rules defining how Customerldentifier values are assigned for
new Customers. In that case, the storage format for Customerldentifier might be
“varchar(50)” (i.e., a character field varying in length up to 50 characters).
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As an alternative, we could make Customerldentifier a large integer number and
use the RDMBS feature that uses an ever increasing integer value (“auto increment”
in Microsoft Access and Structured Query Language [SQL] Server, and the Oracle
“Identity” feature). This is used when the application or data have no inherent busi-
ness rules dictating how the table’s key column is created and you simply need a way
to create a unique value for the row’s key. This approach is also used when the under-
lying data are so complex or the column length for a key is very large. In either case,
creating a key column as an integer is much more efficient to use, especially consider-
ing the size of the indexes in the primary and subordinate tables (see the next section
for details).

« Next, the storage format/data type for each non-key column must also be reviewed
and noted. This information will be used when defining columns for each table in the
database.

Note that the design team cannot rush through this step. Each column needs to be
carefully reviewed to see exactly what will be stored. For example, for a phone num-
ber, will only 10 digits be recorded, or will a character format be used to store number
in the form of “nnn-nnn-nnnn”?

After all data types have been reviewed, as one last step before creating tables in a database,
you must identify indexes needed to efficiently support relationships across tables.

3.4 INDEXES

As noted earlier, RDMBS systems and SQL give the user or application the ability to ask for
any data at any time. For example, the following query will retrieve all Restock_Item rows

for a specified Advertised_Item.
SELECT * FROM Restock Item WHERE ItemNumber = “DELL 12345";

If the Restock_Item table was implemented without any indexes, the above-mentioned
search would still execute and return the correct information/matching rows. However,
if an index was created in the Restock Item table on the ItemNumber column, the index
would be used to immediately retrieve only the rows that matched that ItemNumber. The
answer to the query is the same, but the index allows for the data to be retrieved without all
of the I/Os required to do a table scan.

Identifying and creating indexes, then, are critical in obtaining acceptable performance
levels for a database application. As a general rule, indexes should be created in tables for

o The column(s) that make up the primary key for the table.

o Columns that serve as foreign keys, that is, those columns on the many side of a
one-to-many relationship.

« Columns found used as search criteria in the usage path analysis.
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These criteria in themselves may not result in the best possible database design, but they
will get you off to a good start. In addition, tools are available for SQL Server and Oracle to
help you monitor I/O activity while your application is being designed and tested to help
you identify and deal with unexpected performance issues.

3.5 TABLE CREATION

After reviewing the composition of keys for each table and identifying the indexes needed,

we are now ready to implement those decisions by creating tables in the newly created
database. The following sections describe how to create tables for the physical data model
shown in Figure 3.2.

Customer Advertised_Item Supplier
**Customerldentifier **temNumber **SupplierID
CustomerTelephoneNumber ItemDescription SupplierName
CustomerName ItemDepartment SupplierStreetAddress
CustomerStreetAddress ItemWeight SupplierCity
CustomerCity ItemColor SupplierState
CustomerState ItemPrice SupplierZipCode
CustomerZipCode LowestPrice
CustomerCreditRating LowestPriceSupplier
CustPreferredCreditCard

Ordered_Item Restock_Item
**OrderNumber “*Supplier]D
**temNumber *ItemNumber
QuantityOrdered ReorderPrice
SellingPrice
ItemShippingDate

Order
**QOrderNumber
Customerldentifer
OrderDate
ShippingStreetAddress
ShippingCity
ShippingState
ShippingZipCode
CustomerCreditCardNumber
OrderShippingDate
OrderTotalCost

)
Credit_Card
**CustomerCreditCardNumber
CustomerCreditCardName
CustomerlIdentifier
PreferredOption

FIGURE 3.2 The physical data model.
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3.5.1 Using Microsoft Access

o Create a new database

If you haven not already done so, open Microsoft Access and select “Blank Database”
to begin the dialog to create a new database. Next, click the folder to the right of the
file name and navigate to the folder you want to use to store the new database. Finally,
change the file name to the name you want to use for the database, click “OK;” then,
click the Create box. The new database will appear as follows.

Orderltem0: Database- C:\Users\Rex\Documents\Book\Orderltem0.accdb (Access 2007 - 2016 file format) -...

Create External Data Database Tools Q Tel

ﬁ_\/ o X Cut 3 T | Ascending Y Selection = New > Totals 0O %
£ ® Copy | Descending =] Advanced H Save % Spellin > B I U 3
View | Paste B Filter g Refresh S ind y
' Format Painter Remove Sort 'Y ToggleFilter | aj. XX Delete More A-%¥% »
Views Clipboard ~ Sort & Filter Records Find Text Formatting ~
All Access Obje... @ «
Search.. »

Num Lock

Ready

o To define a new table
From the above-mentioned screen, select the Create tab, then click the Table Design

item:
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s Orderltem1 : Database- C:\Users\Rex\Documents\Book\Orderltem1.accdb (Access 2007 - 2016 file format) -... Rex Hogan
Home Create External Data Database Tools
] 5= - f .

= = nfEEEERE R =

= 3 s e [E Navigation ~ = %! Class Module
Application ~ Table | Table SharePoint Query Query Form Form Blank Report Report Blank [5] | ,pels Macro "o 2

Parts ~ Design  Lists~ Wizard Design Design Form [ More Forms - Design Report (%] Visual Basic
Templates Tables Queries Forms Reports Macros & Code ~
All Access Obje... @ «
Search.. yel
Ready Num Lock

The detailed design screen will open. Under “Field Name,” type the name of the first
column (in this example, “CustomerIdentifier” in the Customer table), then click the
pull-down under “Data Type” and select “Number” to reflect a decision to use the
auto-increment feature for this column.

Orderltem0 : Database- C:\Users\Rex\Documents...  Rex Hogan

Create  ExternalData  Database Tools Design ell me what you want to do
D Sy X Cut Y 2 Ascending Y Selection = New > Totals ® ==
R Co il Descending Y] Advanced H Save ¥ Spellin - B I U 3=EeE | w- B
View | Paste ) Filter vk Refresh — N - . i T
= ~ Format Painter 7# Remove Sort 'Y Toggle Filter | a~ X Delete ~ 5 More R A-Y-O
Views Clipboard 1 Sort & Filter Records Find Text Formatting ~
. T Table1 | 5 Table2 X
All Access Obje... @ « :'—i:' =
Field Name Data Type Description (Optional) -
Search... yel P P T m
Customerldentifier JautoNu | L
Tables 2 T
B3 Tablel

Field Properties

General Lookup

Field Size Long Integer

New Values Increment

Format

Caption

Indexed No

Text Align General The data type determines the kind of values

that users can store in the field. Press F1 for
help on data types.

Design view. F6 = Switch panes. F1 = Help. Num Lock 14
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Continue adding column names under “Field Name,” entering an appropriate Data
Type for each. The design of the Customer table appears as follows.

H ©- Orderltem1 : Database- C:\Users\Rex\Documents...  Rex Hogan

File Home Create External Data Database Tools

= A == [

D Sr? ’\ &€= Insert Rows §
i = o 3X Delete Rows » -
View | Primary Builder Test Validation . Property Indexes = Create Data Rename/ Relationships Object
v Key Rules £Q Modify Lookups Sheet Macros > Delete Macro Dependencies
Views Tools Show/Hide Field, Record & Table Events Relationships ~
All Access Obje... ® « || = Customer =
oy 5 Field Name Data Type Description (Optional) (]
| Customeridentifier AutoNumber IL
Tables 2 CustomerTelephoneNumber Short Text
& customer CustomerName Short Text
CustomerStreetAddress Short Text
CustomerCity Short Text
CustomerState Short Text
CustomerZipCode Short Text
CustomerCreditRating Short Text
CustPreferredCreditCard Number

Field Properties

General Lookup

Field Size Long Integer
New Values Increment
Format
Caption
Indexed No
Text Align General [ |
Alignment of text in control
Design view. F6 = Switch panes. F1 = Help. Num Lock 14

When closing the table’s design, you will be prompted to enter the name of the table
being saved.

In addition, you will be prompted if you want to have a primary key defined for the
table, reply “No.”

Finally, edit the table to identify the primary key. Click on the table name, then right
click and select “Design View.” When the table opens, select the Customerldentifier
row, right click it, then select the “Primary Key” from the pop-up list. The table can
now be saved with that change.
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Orderltem]1 : Database- C:\Users\Rex\Documents... Rex Hogan

Home Create External Data Database Tools

™ F N 2= Insert Rows s =2 il mﬁ (ﬁ
\ = 1 N
- § 3X Delete Rows = - . = <
View | RAimaRy, Builder Test Validation "y~ Property Indexes = Create Data Rename/  Relationships  Object
- Key Rules  EQ Modify Lookups  spheet Macros~ Delete Macro Dependencies
Views Tools Show/Hide  Field, Record & Table Events Relationships S
1| e e—
. Customer x
All Access Objects @ « || = customer\ _ :
= 5 Field Name Data Type Description (Optional) (]
Mdlcustome er AutoNumber
Tables A CustomerTelephoneNumber  Short Text
3 customer CustomerName Short Text
CustomerStreetAddress Short Text
CustomerCity Short Text
CustomerState Short Text
CustomerZipCode Short Text
CustomerCreditRating Short Text
CustPreferredCreditCard Large Number
Field Properties
General Lookup
Field Size Long Integer
New Values Increment
Format
Caption
Indexed Yes (No Duplicates)
Text Align General Afield name can be up to 64 characters long,
including spaces. Press F1 for help on field
names.
Design view. F6 = Switch panes. F1 = Help. Num Lock 124

Referring to Figure 3.2, repeat this process to create tables for all items in the dia-
gram. For each column, choose the appropriate data type.

Note that Access does not support varchar data types. If available, varchar data
types are much more efficient than a fixed-length implementation. For example,
if the string “Wilson Grocery” was stored with a data type of varchar(50), only
14 characters of storage would be needed/used. However, Short Text data types
are fixed length. If stored as Short Text with the default of 255 characters, “Wilson
Grocery” would use 255 bytes of storage. When using Short Text data types, it is
important to change the default length for that column to a lower, more reason-
able value. I have changed the length for all of my Short Text columns to 50.

After creating all of the tables shown in the physical data model, the database will
look like the following.
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5 Orderltem : Database- C:\Users\Rex\Documents\Book\Orderltem.accdb (Access 2007 - 2016 file format) - Ac...

Rex Hogan
Create  External Data  Database Tools ell me what you want to do
b(* S X Cut Y 2| Ascending Y Selection = New > Totals ® =
kill e ER Copy il | Descending 1] Advanced B H Save ?_Spelling 6> B I U 3EE|w- B
' Format Painter 7# Remove Sort 'Y ToggleFilter | a; . XX Delete ~ = More [N A-¥-O =
Views Clipboard 1] Sort & Filter Records Find Text Formatting ~
All Access Objects @ «
Search.. yel
Tables 2
0 Advertised_tem
A Credit_Card
&3 customer
B order
B3 ordered_item
EH Restock_item
B3 supplier
Ready Num Lock

Technically, the database can be used at this moment as is. However, to improve

processing efficiency and data integrity, we need to implement indexes as well as
Referential Integrity constraints.

First, we will modify the database to add the Referential Integrity constraints. Click

on the “Database Tools” tab, then choose “Relationships,” and the following list will
appear.

Show Table ? X

Tables  Queries Both

Credit_Card
Customer
Order
Ordered_Item
Restock_Item
Supplier
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Selecting all table names in the list and clicking Add produces this display.

5 Orderltem3: Database- C:\Users\Rex\Doc... Rex Hogan
Home Create External Data Database Tools
+j =Hi
Df;" X Clear Layout S Hide Table
L §‘“ Direct Relationshij
Edi Sh = Cl
it B Relationship Report = Show c lose
Relationships s Table BS'!A”RQ'“'O"S'“PS
Tools Relationships ~
. =5 Relationships X
All Access Objects @ «||= B —
Search- L Advertised_tem Credit_Card Customer O
Tables S = = = =
- ¥ temNumber [«] ¥ CustomerCreditCardN ¥ Customeridentifie| |
Wl Acvestised tem ItemDescription CustomerCreditCardN CustomerTelephot
B3 Credit_Card ItemDepartment Customerldentifier CustomerName
B3 Customer ItemWeight CustomerStreetAd
= ItemColor ) CustomerCity
B, ‘Ordet ItemPrice = CustomerState
B3 ordered_item
Order Ordered_ltem Restock_ltem
EH Restock_ltem
¥ OrderNumber - ¥ OrderNumber ¥ SupplierlD
B3 supplier o - ,
Customerldentifie: ¥ itemNumber ¥ itemNumber
OrderDate QuantityOrdered ReorderPrice
ShippingStreetAd:| SellingPrice
ShippingCity ItemShippingDate
ShippingState v
Supplier
¥ SupplierlD
SupplierName
SupplierStreetAddres)
SupplierCity
SupplierState
SupplierZipCode
-
<« »
Ready Num Lock

I have rearranged the display of tables in my database to that shown on the next page.

Study the diagram on the next page and confirm that each of these one-to-many rela-
tionships exists based on the primary keys as defined.

o Between Customer and CreditCard

o Between Customer and Order

« Between Credit_Card and Order

o Between Order and Ordered_Item

o Between Advertised_Item and Ordered_Item
o Between Advertised_Item and Restock_Item

o Between Supplier and Restock_Item
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(=] s Orderltemd: Database- C:\Users\Rex\Doc... Rex Hogan
File ~ Home  Create  ExtemalData  Database Tools
+ =S Hi I
Di;- X Clear Layout ESHide Table
e & 39 Direct Relationships |
[£) Relationship Report o o =2
Relationships PREPOT Taple B3 All Relationships
Tools Relationships N
H =5 Relationships b3
All Access Objects @ «||=3 a
s L Customer Advertised_tem Supplier 0
Tables 2 ¥ Customeridentifier T femNumber ¥ Supplierld
B3 Advertised_item CustomerTelephoneN RemDescription SupplierName
B3 Credit_Card CustomerName {temDepartment SupplierStreetAddres
CustomerstreetAddre : SupplierC
B3 customer ) ftemWeight uppliercy
CustomerCity ftemColor Supplierstate
& order Customerstate RemPrice SupplierZipCode
B3 Oordered_item CustomerZipCode LowestPrice
CustomerCreditRating
- LowestPriceSupplier
3 restock tem CustPreferredCreditC;
EH supplier
Ordered ftem Restock_tem
Credit_Card — 7
= ¥ OrderNumber 9 supplierip
¥ CustomerCreditCardh 9 ftemNumber ¥ ttemNumber
CustomerCreditCardh QuantityOrdered ReorderPrice
Customeridentifier SellingPrice
Order
¥ OrderNumber
Customerldentifier
OrderDate
ShippingStreetAddre]
ShippingCity
ShippingState
ShippingZipCode
CustomerCreditCardh
ShippingDate
] >
Ready Num Lock

We are now ready to define the one-to-many relationships shown in Figure 3.2. In
this instance, it is simple; we simply ask “does the key for a given table appear within
another table?” Whenever that relationship is found, a Referential Integrity relation-
ship must be created. We therefore need Referential Integrity constraints

o Between Customer and CreditCard

o Between Customer and Order

o Between Credit_Card and Order

o Between Order and Ordered_Item

o Between Advertised_Item and Ordered_Item
« Between Advertised Item and Restock_Item

o Between Supplier and Restock_Item
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To create Referential Integrity between Customer and Credit_Card
« Click on the Customer table and select CustomerIdentifier

o+ Select Customer’s Customerldentifier, hold the left mouse button down, and drag
the arrow to CustomerIdentifier in Credit_Card. Releasing the mouse produces this
display:

Edit Relationships ? X

Table/Query: Related Table/Query:

Customer ~ Credit_Card v -*

. Cancel |
Customerldenfzj Customerldentifi A

| Join Type.. |

N r "

Create New.. |

Cascade Update Related Fields

Cascade Delete Related Records

Relationship Type: One-To-Many

Verify the table and column names selected for the one-to-many relationship, then
click the box to “Enforce Referential Integrity” as well as the two cascade options when
they appear. Clicking “Create” activates Referential Integrity between Customer and
Credit_Card as indicated by the line shown in the following.

=] s Orderltemd4: Database- C:\Users\Rex\Doc... Rex Hogan

File Home Create External Data Database Tools

=== !
D,1 P X Clear Layout = fideabie
Eé‘ - 9 Direct Relationships &
it ) Relationship Report = S lose
Relationships PREPOT | Taple B3 All Relationships
Tools ~
; =5 Relationshi x
All Access Objects @ «||=3 v
peatch L el Advertised_item Supplier N
Tables A [ ¥ Customeridentifier Y fearinber ¥ supplierd
B3 Advertised_item CustomerTelephoneN temDescrptior SupplierName
B3 Credit_Card CustomerName {temDepartment SupplierstreetAddres|
= customer CustomerStreetAddre] {temweight SupplierCity
- CustomerCity {temColor Supplierstate
& order Customerstate Kambiics SupplierZipCode
B3 Oordered_item CustomerZipCode Coiiceibiics
CustomerCreditRating .
B3 Restock_item LowestPriceSupplier
a CustPreferredCreditC
B3 Supplier
Ordered_item Restock_ltem
Credit_Card - -
- ¥ OrderNumber ¥ supplierld
¥ CustomerCreditCardN @ temNumber ¥ itemNumber
Cus(omercreditcard..§ Quantityordered ReorderPrice
Customerldentifier SellingPrice
Order
¥ OrderNumber
Customerldentifier
OrderDate
ShippingStreetAddre}
ShippingCity
ShippingState
ShippingZipCode
CustomerCreditCardh
ShippingDate
< y
Ready Num Lock

Now repeat that process for each one-to-many relationship shown in Figure 3.2 and
compare your results to the following:



Home  Create

Orderltem4 : Database-

External Data

sers\Rex\Doc...

Database Tools
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Rex Hogan

Df; X Clear Layout
Edit

[E8) Relationship Report
Relationships.

Show _
Table 55 All Relationships

Direct Relationships

Ready

Tools Relationships ~
All Access Objects  © « || =3 Relationships -
earch- = Customer Advertised_tem Supplier O
2 L3 - >
Tables 2 ¥ Customeridentifier Y Fanorber S 9 supplierld -
B Advertised_item CustomerTelephoneN ItemDescription SupplierName
BB Credit_Card CustomerName {temDepartment Supplierstreetaddres
= customer Customerstreetaddre Itemweight SupplierCity
CustomerCity ItemColor Supplierstate
B3 order Customerstate ItemPrice SupplierZipCode
ER ordered_item CustomerZipCode LowestPrice
B Restock tem CustomerCreditRatin LowestPricesupplier
=) c reditc|
B3 supplier
Ordered item o Sastock it
Credit_Card :
¥ OrderNumber ¥ Supplierld
¥ CustomerCreditCardN 9 ttemNumber v IlemNumhver
CustomerCreditCardN E QuantityOrdered ReorderPrice
Customerldentifier SellingPrice
Order
¥ OrderNumber A
Customerldentifier
OrderDate
ShippingStreetaddre{
ShippingCity
Shippingstate
ShippingZipCode
CustomerCreditCardh
ShippingDate

Num Lock

The last remaining task is to create indexes where needed.

Note that Access has already specified that each table’s key column(s) will be indexed.

For each one-to-many relationship, we want an index on each column serving as

a foreign key (i.e., those that are keys in another table).

For example, we want an index in Credit_Card’s Customerldentifier column. To
create that index, open Credit_Card in “Design” view.

Home  Create

External Data

Orderltemd : Database- C:\Users\Rex\Documents...

Database Tools

RexHogan

B Y A

& Insert Rows

=5

B

General Lookup

5 B = 3X Delete Rows = = 5
View | Primary Builder Test Validation "y '~ _ Property Indexes Create Data Rename/  Relationships  Object
- Key £Q Modify Lookups  sheet Macros~ Delete Macro Dependencies
Views Tools Show/Hide | Field, Record & Table Events Relationships 2
All Access Objects ® «|[=5 Rzlannnshlps\13 Credit_Card £3
oaree ¥ Field Name Data Type Description (Optional) (4]
re 2 v
¥ | customerCreditCardNumber  Number
he % CardName _ ShortText ]
ER Advertised_item fier  Number —_— ]
3 Credit_card
B3 customer
B3 order
ER Ordered_item
B Restock_item
ER supplier

Field Properties

Field Size Long Integer
Format
Decimal Places Auto
Input Mask
Caption
Default Value ) Afield name can be up to 64 characters long,
Validation Rule including spaces. Press F1 for help on field
Validation Text names.
Required No
Indexed No
Text Align General
Design view. F6 = Switch panes. F1 = Help. Num Lock 174
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Note at the bottom of the display that CustomerIdentifier is not indexed. Change that
option to “Yes” and close and save that view.

H ©- = Orderitemd : Database- C:\Users\Rex\Documents...  Rex Hogan
Home  Create  BxemnalData  Database Tools Q Tell me what you want to do
i) N Rows =
BN g b= AN
X Delete Rows - - Ca <
View | Primary Builder Test Validation Property Indexes ~Create Data Rename/  Relationships  Object
- Key Rules £Q Modify Lookups | sheet Macros~ Delete Macro Dependencies
Views Tools Show/Hide Field, Record & Table Events Relationships -~
| R
. =5 Relationshi Credit_Card x
All Access Objects © « || =5 Reltionships | =3 creit cr
Field Name Data Type Description (Optional) -
Search.. Allg - s
CustomerCreditCardNumber Number
L 2 CustomerCreditCardName  Short Text
B Advertised_item || Customerldentifier Number
3 credit_Card
B3 customer
B3 order
B3 Ordered_item
R Restock_item
B3 supplier

Field Properties

General Lookup

Field Size Long Integer

Format

Decimal Places Auto

input Mask

Caption

Default Value o

Validation Rule Require data entry in this field?
Validation Text

Required =
Indexed No

Text Align General

Design view. F6 = Switch panes. F1 = Help.

Num Lock 14

Now make those changes for all columns serving as foreign keys to other tables.

We also need indexes to support significant retrieval for tables using other than the
table’s key or foreign key column(s).

For example, if we found that we frequently needed to retrieve Customer information
using only the customer’s telephone number, we can create an index on that column.
As we are using a relational database management system (RDBMS), this change can
be made at any time, while the database is online or in use.

Indexes are one of the primary solutions to performance problems as they are dis-
covered in application development and testing. Remember that most RDBMSs have
monitoring and tuning tools that can help discover issues as testing progresses.

Now let us look at how to implement the physical data model using SQL Server.

3.5.2 Using SQL Server’

o Create a new database

Use the SQL Server Management Studio to create and manage all databases on this
system.

" Note that the installation instructions for SQL Server are included in Chapter 7.
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» «

From the Windows “All Programs” “Start” icon, navigate to the Microsoft SQL Server
folder created for this software installation and choose SQL Server Management
Studio. Optionally, type “sql server” in the search window and select “Sql Server
Management Studio.”

User name: IR@(-DS31\RQ( v I

Password: [ ]
[] Remember password

[ Connect || Cancel |[ Hep |[ Options>> |

After verifying the log on information is using a Windows account that was autho-
rized as an SQL Server administrator, click “Connect” to log on.

You will be presented with a menu displaying the different types of services available.

Fle Edt View Debug Tools Window Community Help
0 NewQuey | Oy | B 83 55| |5 W 9 | B

Connect- %) %3 w 7 F] B
& [ (local) (SQL Server 10.50.1600 - Rex-D531\Rex)

 Ca G

@ (3 Security

) [ Server Objects

@ [ Replication

@ [ Management

@ [ SQL Server Agent
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Put the cursor on “Databases,” right click and select “New Database.” You will then
be presented with the following screen showing details of installation options.

Use fulltext indexing

Database files:
Logical Name  File Type

Filegroup Initial Size (MB) _ Autogrowth

Rows.. PRIMARY [2 1 By1MB.umesticted gowth
Jog log  NotAppicable 1

By 10 percent, unrestricted growt|

Use fulltext indexing

Database files:

Logical Name  File Type  Filegroup Initial Size (MB)  Autogrowth

Orderitem Rows ...  PRIMARY By 1 MB, unrestricted growth
Orderitem_log  Log Not Applicable 1

By 10 percent, unrestricted growt

( Add J[ Bemove |
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Next, use the scroll bar at the bottom of this window to move to the right to show
where the database will be installed.

Change the default configuration details as appropriate.

Use fulltext indexing

Database files:
Logical Name Path
Orderltem @ C:\Program Files\Microsoft SQL Server\MSSQL10_50.MSSQLSERVER]

Ordertem_log ¢h [i..) C:\Program Fies\Microsoft SQL Server\MSSQL10_50.MSSQLSERVER!

W l— 000000 @)

[ Add J[ Remove |

.||

Double click on “Databases” and again on the name for the database just created.

Ble Edt View Debug Took Window Communty Hep
Qe cuery | ) | B B B0 5 4 B
Comnect- ] 8 w V2 B

& [ (local) (SQL Server 10.50.1600 - Rex-D531\Rex)
= (3 Databases
@ [ System Databases
@ [ Database Snapshots
@ [J SQLsvrLogs
© |J Orderltem
@ (3 Database Diagrams
om
@ (3 System Tables
@ [ Views
® [ Synonyms
@ [ Programmability
@ (3 Service Broker
@ (3 Storage
@ (3 Security
@ (3 Security
@ (3 Server Objects
@ [3 Replication
@ (3 Management
@ [ SQL Server Agent
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o Create tables

To create a table in the database, right click on “Tables” and select “New Table” to open
a window to define columns for that new table (in this example, the Customer table).

File Edit View Emjednebug Table Designer Tools Window Community Help
(D NewQuey [ BB DD S HS B
Gy |<@EASEN

~REX-D531 - dbo.Table_1| - X
Connect~ @7 &) w YV | Column Name Data Type Allow Nulls
& [ (local) (SQL Server 10.50.1600 - Rex-D531\Rex) >l
= [ Databases
@ (3 System Databases
@ [ Database Snapshots
@ (J SQLsvilogs
© [J Orderltem
@ [3 Database Diagrams
= [ Tables
@ (3 System Tables
@ [ Views
@ (3 Synonyms
@ (3 Programmability
@ (3 Service Broker
@ [ Storage

o sm«?ms""'“’ Column Properties

@ (3 Server Objects Bx]A | | =

@ (3 Replication
@ (23 Management

@ [ SQL Server Agent

Ready

=

Referring to the physical data model, enter the name of the first column in Customer
with an appropriate data type.

File Edit View Project Debug Table Designer Tools Window Community Help

i NewQuey | [ BB DD G H S E
Sy |<AASER

|

| REX-D531.0rderltem - dbo.Table _1*| REX-D531 Orderltem - dbo.Customer | %
Connect- @ 4’ m T 5 Column Name: Data Type Allow Nulls
© [ (ocal) (SQL Server 10501600 - Rex-D31\Rex) || Customerldentifier i
= [3 Databases

@ [ System Databases
@ [3 Database Snapshots
= |J Orderltem
@ (3 Database Diagrams
@ [ Tables
@ (3 Views
@ (3 Synonyms
@ (3 Programmability
@ [3 Service Broker
@ [ Storage
@ [ Security
@ [J SQLsviLogs
@ [ Security
@ [ Server Objects
@ (3 Replication

@ [ Management Column Properties
® SQL Server Agent
e

B (General) -
(Name) CustomerIdentifier @
Alow Nulls No
Data Type int
Default Value or Binding

B Table Designer L

Alation datahaca dafauit:

(General)
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Click on the next row under Column Name to enter the next column and data type.
Continue adding columns for Customer until all columns have been entered.

File Edit View Project Debug Table Designer Tools Window Community Help
Dhewauen | RB BRI SE S Ey
%y |<S@ARBER,

Object Explorer ~ X[ Rex-D531 - dbo.Table_1*| - x
Connect~ @3 *' w T Column Name Data Type Allow Nulls
5 [ (local) (SQL Server10.50.1600 - Rex-DS31\Rex) [ Customeridentier uniqueidentiier
= [3 Databases CustomerTelephoneN...  varchar(50)
@ (3 System Databases CustomerName varchar(50)
@ (L3 Database Snapshots CustomerStreetAddress  varchar(50)
2] L:l SQLSvrLogs CustomerCity varchar(50)
& [J Orderitem CustomerState varchar(50)
@ (23 Database Diagrams CustomerZpCode varchar(50)
© (3 Tables CustomerCreditRating  varchar(50)
. System Tebles CustPreferredCredtC...  bignt
@ £ Views
@ [ Synonyms

@ (3 Programmability
@ [ Service Broker

@ [3 Storage
@ [ Security Column Properties
@ (3 Security -
(3 Servr Objects E =
@0 :‘ephmw" B (General) =
@ 3 Management (Name) CustomerIdentifier @
@ (B SQL Server Agent Allow Nulls No
Data Type uniqueidentifier
Default Value or Binding
B Table Designer
Lollation. datah: Aafaull 7
(General)

Ready

After all columns have been defined, modify the design to show the column(s)
that define the table key. In this case, put the cursor on the box to the left of
Customerldentifier, then right click and choose “Set Primary Key.”

«_ »

To save this design, click on the “x” at the top-right part of Table Design window.

Save changes to the following items?

REX-D531.0Orderltem - dbo.Table_1

.

Clicking “Yes” brings up a display where the table name can be entered.
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Enter a name for the table:

Customer]

| ok || cance

Repeat the above-mentioned sequence to create all tables shown in the physical data
model.

File Edit View Project Debug Table Designer Tools Window Community Help
D NewQuey D | BB DD &5 H B
i :@\ﬁlﬂa‘!i

Object Explorer ~ax _REX-D531.0rderlte...- dbo.Credit_Card| - X
Connect~ @2 %) m T '§ Column Name Data Type
© [ (ocal) (SQL Server 10501600 - Rex-DS31\Rex) B CustomerCrediCardh... | bignt
@ £ Databases | CustomerCreditCardN... varchar(50)
@ (23 System Databases L’_] CustomerIdentifier bigint
@ (32 Database Snapshots
@ (J SQLSviLogs
© J Orderltem
@ (3 Database Diagrams
© (3 Tables

@ [ System Tables
@ [ dbo.Advertised_item
@ [ dbo.Credit_Card
@ [ dbo.Customer
@ O dbo.Order
@ [ dbo.Ordered_item
2@ dbo‘Reﬂot.:k_kem m
@ [ dbo.Supplier
@ 3 Views ]
@ (3 Synonyms T
@ (3 Programmability
@ [ Service Broker
(3 Storage
@ (3 Security
@ (3 Security
@ (3 Server Objects
@ [3 Replication
@ [ Management
@ (B SQL Server Agent

Ready

You are now ready to implement Referential Integrity constraints between tables in
the database.

« Creating Referential Integrity Constraints

As was done with Microsoft Access, Referential Integrity constraints must now be
created for all dependent tables in one-to-many relationships reflected in the physical
data model.

Let us start with the relationship between Customer and Credit_Card. To create a
Referential Integrity constraint in Credit_Card:

Under Tables, select Credit_Card and then Design to alter its definition.
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Next, select the column involved with the one-to-many relationship; in this case,
it is the CustomerIdentifer column (the key of Customer) that establishes/enables
that relationship.

File Edit View Project Debug TableDesigner Tools Window Community Help
(D NewQuey |y BB DD S EH S B
al v =SS -
. D531.0rderlte...- dbo.Credit_Card| - x
Connect- 87 @3 w T Column Name Data Type Allow Nulls
© (@ (ocal) (SQL Server 10.50.1600 - Rex-D531\Rex) ¥ CustomerCreditCardN...  bigint
© [ Databases __ CustomerCreditCardN...  varchar(50)
@ (3 System Databases || Customerldentifer int
@ [ Database Snapshots
@ J sQLSvrLogs
= |J Orderltem
@ (3 Database Diagrams
= [ Tables
@ 3 System Tables
@ I dbo.Advertised_ltem
@ [ dbo.Credit Card
@ 3 dbo.Customer
@ [ dbo.Order
@ [ dbo.Ordered_item
@ I dbo.Restock Item .
@ 03 dbo.Supplier Column Properties
o
@ (3 Synonyms B .
@ (3 Programmability (Name) Ot nerdentite @
@ [3 Service Broker A s
@ [ Storage Data Type 5
@ (3 Security Defauit Value or Binding
@ O3 Security B Table Designer
@ [ Server Objects ation Astahaca dafauit Y
@ (3 Replication (General)
@ 3 Management
@ [ SQL Server Agent
Ready

Next, click on the arrow at the left column of CustomerIdentifier, right-click, and
select “Relationships” from the pop-up window, which generates the following:

Selected Relationship:

Use the add button to create a new relationship.

i) e oo
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Click “Add” to create a new Referential Integrity Relationship.

Selected Relationship:
FK_Credit_Card_Credit_Card* Editing properties for new relationship. The ‘Tables And Columns
Specification' property needs to be filled in before the new relationship will be
accepted.

Check Existing Data On Creatic Yes
Tables And Columns Specifical

B Identity
(Name) FK_Credit_Card_Credit_Card
Description

E Table Designer
Enforce For Replication Yes

Enforce Foreign Key Constraint Yes
INSERT And UPDATE Specifical

(a7 [ oue

Click on “Tables and Columns Specifications” to open a window where the col-

umn relationships are specified.

Selected Relationship:

FK_Credit_Card_Credit_Card* Editing properties for new relationship. The ‘Tables And Columns
Specification’ property needs to be filled in before the new relationship will be
accepted.

B (General) -

Check Existing Data On Creatic Yes
] Tabies nd ColurnnsSpeciica ®
Foreign Key Base Table Credit_Card
Foreign Key Columns CustomerCreditCardNumber
Primary/Unique Key Base Ta Credit_Card
Primary/Unique Key Columt CustomerCreditCardNumber
B Identity
(Name) FK_Credit_Card_Credit_Card
Description

E Table Designer i

SR

Click the box at the right side of the display containing “...” to open the following:
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Relationship name:

FK_Credit_Card_Credit_Card

Primary key table: Foreign key table:
| Credit_Card v|  Credit_Card
CustomerCreditCardNumber CustomerCreditCardNumber

ok || cancel |

Using the pull-down arrows for

table to “Customer.”

“Primary key table,” change the Primary key

Relationship name:

FK_Credit_Card_Credit_Card

Primary key table:

Foreign key table:

|iCustomer

lv|  Credit_Card

CustomerCreditCardNumber

[ ok || cance |
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Clicking on the first open row under Customer generates a list of all columns in

the Customer table.

Relationship name:

FK_Credit_Card_Customer

Primary key table:

Foreign key table:

[Customer

5

CustomerCity
CustomerCreditRating
Customerldentifier
CustomerName
CustomerState
CustomerStreetAddress
CustomerTelephoneNumber
CustomerZipCode

-~

Credit_Card

E CustomerCreditCardNumber

J |

Cancel

Select Customerldentifier to complete the primary key specification for this

relationship.

Relationship name:

FK_Credit_Card_Customer

Primary key table: Foreign key table:
[Customer v] Credit_Card
i Customerldentifier ! CustomerCreditCardNumber

J |

Cancel
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As this relationship is based on the Customer key appearing in the Credit_Card
table, click on “CustomerCreditCardNumber” then select the arrow to the right
to generate a list of all columns in that table. Select “CustomerlIdentifier.”

Relationship name:

FK_Credit_Card_Customer

Primary key table: Foreign key table:
Customer v|  Credit Card
Customerdenie .

[ ok || cance |

Review all selections and verify the table names and columns match what is
shown in the physical design model. Click OK to create that Referential Integrity
relationship in the database.

As part of saving these changes, you will be prompted that you want these changes
to be saved.

Sav B

i The following tables will be saved to your database. Do you want to continue?

Customer -
Credit_Card

< »

Warn about Tables Affected

[ Yes [ No || seveTextFile
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Refer to the physical design model and continue making these adjustments for all
tables having foreign key relationships.

When adding each new relationship, make sure the “Relationship name” assigned
makes logical sense; each of mine include the name of the Primary key table.

To verify your results, in SQL Server Management Studio, select “Views,” right
click, and then select “New View.” A list of all tables in OrderItem will be dis-
played. Do a “block select” to select all names displayed and then click “Add.” The
following display shows all one-to-many relationships currently defined in the
database. Rearranging those gives the display shown on the next page.

Creating a View with this complexity does not make sense and is not practical,
but the visual display serves as a visual aid to ensure all one-to-many relation-

ships have been created.

«_»

After this verification, click on the “x

at the top right of the view display to close

it and respond “No” when asked if you want to save the view.

File Edit View Project Debug QueryDesigner Tools Window Community Help
D Newauey | B BB BB S HS B
(=a[=]E] ¢ &|E o8,

Object Explorer TEX

Connect- ) ¥ m ¥ &
© [ (local) (SQL Server 10.50.1600 - Rex-D531\Rex)
= (3 Databases
[ System Databases
[ Database Snapshots
© (J Orderitem
@ [ Database Diagrams
= [ Tables
(3 System Tables
3 dbo.Advertised_ltem
3 dbo.Credit_Card
@ [ dbo.Customer

OOOOOOICCC

@ [ dbo.Order
3 dbo.Ordered_item
1 dbo.Restock_ltem
2 dbo.Supplier
Views
Synonyms

(23 Programmability

[ Service Broker

® (3 Storage

(3 Security

@ (J SQLSvrLogs

(3 Security YA
(3 Server Objects

(3 Replication
[3 Management

[B SQL Server Agent l

Ready
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o Additional indexes

We now need to update our tables to create indexes where needed. First, check all
tables involved with foreign key relationships to ensure that the column(s) with the
foreign key have indexes. For example, in Credit_Card, Customerldentifier is a for-
eign key to Customer; therefore, we want to create an index on the CustomerIdentifier
column in Credit_Card.

To create this index, first use SQL Server Studio Manager to navigate to the Credit_
Card table and expand the Keys and Index sections as shown in the following.

File Edit View Project Debug Tools Window Community Help

{2 NewQuery | [y |8 0 (5 | |5 W 4 | o

Connect- ) % w ¥ 21 &
a (local) (SQL Server 10.50.1600 - Rex-D531\Rex) -
@ [ Databases
@ [ System Databases
@ (3 Database Snapshots
= |J Orderltem
(3 Database Diagrams
= (3 Tables
@ [ System Tables

@ [ dbo.Advertised_ltem
© O dbo.Credit_Card
@ (3 Columns
= [ Keys
@ PK_Credit_Card
@ FK_Credit_Card_Customer
@ [ Constraints
@ [ Triggers
[BYnieic]
@ [ Statistics
@ I dbo.Customer
® O dbo.Order
@ I dbo.Ordered_ltem
@ [ dbo.Restock Item
@ O dbo.Supplier
3 Views
(3 Synonyms
(3 Programmability
(23 Service Broker
@ [ Storage
(3 Security
@ [J SQLSwiLogs
@ (3 Security
@ [ Server Objects
@ (3 Replication
@ [ Management
@ [ SQL Server Agent <
Ready

Note the name of the Referential Integrity constraint created earlier. SQL Server
gives the user total flexibility for naming objects, but I recommend naming
the index based on the name used for the Referential Integrity constraint to
make it easier to cross-reference items as the design is completed. In this case,
I will use FK_Credit_Card_Customer as the name of the index that will be
created.

Next, select Index, right click and select the New Index option.
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R sat + [ e
# Opt |
2 Included Columns Table name: [Credt_Card ]
§ 9""."’ Index name: | ]
L™ idectpe:

Unigue

Index key columns:

Neme Sort Order Data Type si Add...
Server:
{ocal)
Rex D53 \Rex
37 View connection properties

Ready
< m ] »

Enter the name for the new index (FK_Credit_Card_Customer) and complete the
remaining items; that is, it will be NonClustered (rows in this table would not be
ordered by the Customerldentifier) and it will not be unique (the Customer may
have many credit cards on file).

o Ssowt ~ Dyven
14 Options
2 Included Columns Table name: [Credt_Card
§ o Index rame: FK_Credt_Card_Customer
& Fter Indextype: tered ]
Unigue
Index key columns:
Name Sort Order Data Type si Add... ]
Server:
{ocal)
Rex D53 1\Rex
92 View connection properties
Ready
2| I | »
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Clicking “Add” now brings up a window to pick the column to be indexed.

Select table columns to be added to the index key.
Table columns:

Name Data Type Bytes Identity Allow Nulls
7]} CustomerCredtCardNu...  bigint 8 No No
CustomerCredtCardName  varchar(50) 5 No No
Customeridentifier int 4 No No

[ ok ] [Concet ] (Lo ]

Select CustomerlIdentifier as the column to be indexed.

Select table columns to be added to the index key.
Table columns:

Name Data Type Bytes Identity Allow Nulls
CustomerCreditCardNu...  bigint 8 No No
CustomerCreditCardName ~ varchar(50) 50 No No

Customerldentifier int 4 No No

[ok J[ Concel |[ beo |

Clicking OK brings up a screen with specifications for the new index.

i;-elln— T scipt v [ Hep
7 Options
% Included Columns Table name: [Cred_Card ]
g s«s orege Index name: FK_Credt_Card_Customer
EL™ ndextype: (Nonchsterd ]
Unigue
Index key columns:
Name ____ SotOrder Data Type £ Add..
Customerldentiier Ascendng  int 4
Connection
Server:
{ocal)
R DS R
87 View connection properties:
Progress
Ready
se—— v
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Clicking OK will create the new index.

CEle Edt View Droject Debu Window Community ~ Help
D NewQuery | [y | i B O |5 W 4 |}

Connect W M = T E 3
& [ (local) (SQL Server10.50.1600 - Rex-D531\Rex)
& (2 Databases
@ (3 System Databases
@ (3 Database Snapshots
& (J Orderltem
(3 Database Diagrams
£ (3 Tables
@ (3 System Tables
@ (I dboAdvertised ftem
© O dbo.Credit Card
@ (3 Columns
© (3 Keys
9 PK Credit Card
9 FK Credit_Card_Customer

by PK_Credit_Card (Clustered)
s FK_Credit_Card_Customer (Non-Un
@ [ Statistics
@ O dbo.Customer
@ O dbo.Order
@ [ dbo.Ordered ftem
@ [ dboRestock Item
@ O dbo.Supplier
(3 Views
(3 Synonyms
(3 Programmability
@ [ Service Broker
@ (3 Storage
(3 Security
@ [J SQusvrLogs
@ [ Security
@ (3 Server Objects
< i

Ready

Referring to the physical design model, create new indexes for columns in all
tables containing foreign keys.

As a final review for our first-cut physical solution, we need to review the antici-
pated call patterns for all significant user accesses to determine if any addi-
tional indexes are needed. For example, we might want to create an index on the
Customer’s CustomerTelephoneNumber to support immediate, direct retrieval of
the Customer record using their phone number.

Once again, because we are using an RDBMS, indexes can be added or deleted as
needed to maintain the highest possible performance for the application system.

3.5.3 Using Oracle

Oracle systems tend by their nature to be large and complex and use rigid change man-
agement processes to test and migrate SQL Data Definition Language change packages
between development, test, and production environments. Those changes are best man-
aged strictly using scripts to define all involved objects.

Fortunately, Computer Associate’s erwin software provides a graphical tool that database
administrators can use to create both logical and physical data models. When the model
is complete, the database administrator can then generate the Data Definition Language
statements needed to create or modify data objects. erwin is covered in detail in Chapter 5.

The next chapter contains a review/exercise in the creation of a 3NF data model for a
university environment, as well as the physical design of the resulting tables for that envi-
ronment using Microsoft Access and SQL Server. Chapters 6 and 7 then go into more detail
on how to use Microsoft Access and SQL Server to design and support application systems
for reviewing and updating data.
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QUESTIONS

1.

10.

11.
12.

13.

14.

15.

When creating a database table, what data type would you recommend for the vari-
ous columns with zip codes? Why?

. When creating a database table, what data type would you recommend for the vari-

ous columns with telephone numbers?

. If the physical data model is to be expanded to include information for individual

stores associated with each customer, describe in detail what changes need to be
made.

. As part of the changes made for Question 3, are any changes to Referential Integrity

constraints needed? Why or why not?

. The Supplier table in Figure 3.2 has a minimal amount of information. What col-

umns do you recommend be added?

. Describe in detail what steps to be taken to add the new columns from Question 5

to the Supplier table. How much down time/maintenance time is required?

. Using the physical data model in Figure 3.2, describe the sequence of tables to be

accessed to show all information regarding a customer order and all items on that
order.

. Are any indexes needed to provide a higher level of performance for Question 7?

. What must be changed in the physical data model to store information with customer

ratings for items purchased from each supplier?

Using the Physical Data Model in Figure 3.2, describe the sequence of tables to be
accessed in order to show, for an advertised item, the available suppliers for each that
have a customer rating of “4” or better.

If the query described in Question 10 runs too slowly, what would you do?

Using the physical data model in Figure 3.2, for a specific Advertised_Item, describe
the sequence of tables to find the Supplier having the lowest price for that item. Are
any indexes necessary and why?

A database has been created based on the physical data model in Figure 3.2, and
we find that we frequently need to find Customer records based on their telephone
number. What changes need to be made to provide a higher level of performance?

When using Microsoft Access, what steps are necessary to create an Index for a col-
umn in a table?

When using SQL Server, what steps are necessary to create an Index for a column in
a table?
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CHAPTER 4

Normalization and
Physical Design Exercise

4.1 INTRODUCTION

The normalization process is an essential skill for business analysts participating in a data-
base design project. Without an accurate understanding and definition of what data are
needed, the design and implementation team simply cannot do their job.

As normalization will probably be new to most readers, this current chapter will help
develop that skill by designing a database for a university. After reviewing data require-
ments, a third normal form data model will be developed. Physical design issues will also
be reviewed, resulting in a physical design model. Implementation issues for these tables
will also be reviewed.

4.2 CREATING THE ENTITY/ATTRIBUTE LIST

Let us begin by reviewing some of the information that is needed for a university’s data-
base. The subjects needed include

« Entries describing the various schools in the university.

o The departments that exist for each school and, for each, the various curriculums
available and their associated degrees.

o Courses offered within each department and, where applicable, course prerequisites.

 Curriculum information must be cross-referenced on the school’s website to map job
classifications to applicable curriculum(s) available.

o Information for faculty members for each department.
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« Information for students currently enrolled, and transcript records for each com-

pleted course.

« Finally, for each course, information on assignments for each course as well as grades
recorded as they are completed.

Take a few minutes to create an initial list of the entities applicable to the university envi-
ronment. When finished, compare your list to that shown below.

Entity

School
Department
Curriculum

Degree

Faculty

Course

Course prerequisite
Job classification

Student

Student transcript
Course offering
Assignment

General Information

The name and description of each school in the university

The name and description for each department within a school

Information about the various degree programs offered with a department
For each department, information about the various degrees that are offered
Information for each faculty member

Information describing what covered for each course

Course prerequisite(s) when applicable

Job titles in the industry and their relationships to curriculum(s) supported
by the university

Information for each student currently enrolled

Grades for completed courses and the credit hours earned
Information about the courses currently offered
Information about each assignment given for a course

Compare your list to the above.

Next, create an entity/attribute list for this initial list of entities. When ready, compare
your results to that shown in Figure 4.1.

There will, of course, be differences, for several reasons.

The names chosen for entities and attributes will be different.

This is only to be expected; in fact, each member of a design team would have their
own personal interpretation of the data elements needed and what to name them.
That is why it is important to work together as a team to develop a common set of
terms as well as an explicit definition for each.

And, of course, the documentation needs to be maintained as a reference for team mem-
bers. Although this could be done by thinking of each entity as a table and documenting
the details using the relational database management system to be used, this is prob-
lematic; it is too early to be making physical design decisions. The entity/attribute lists
represent only hypothetical table definitions. It is much better to use a data modeling
tool such as erwin (reviewed in Chapter 5) to document logical data structures as they
develop, then modifying them as needed as the physical design decisions are made.

Figure 4.1 results include some intentional issues as discussion items for the normal-
ization exercise.
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Attribute

School
SchoollD
SchoolName
SchoolDescription
SchoolCampusLocation
SchoolDeanID

Department
DepartmentID
DepartmentName
DepartmentHeadID
DeptCampusLocation

Degree
DegreelD
DegreeName

Course
CourselD
CourseName
CreditHours
CourseDescription

CoursePrerequisite
CourselD
PrerequisiteCselD

CourseOffering
CourselD
SectionID
FacultyID
Location
ClassSchedule
StudentID

Faculty
FacultyID
DepartmentID
FacultyPrefix
FacultyLastName
FacultyMiddleName
FacultyFirstName
FacultyStreetAddr
FacultyCity
FacultyState
FacultyZipCode

FIGURE 4.1  An initial entity/attribute list.

Description

A unique identifier for each School

The name of the School

A description for the scope of subjects offered by the School
The campus address for the Dean’s office

The FacultyID for the Dean

A unique identifier for the Department
The name of the Department
The FacultyID for the Department head

A unique identifier for the Degree
The name of the Degree

A unique identifier for the Course

The name of the Course

The number of credit hours associated with the Course

A general description for the subjects covered in the Course

A unique identifier for the Course with a prerequisite
The CourselD for the prerequisite

The course identifier associated with this class offering
The section number associated with this class offering
The Faculty member teaching this class offering

The building and room number where the class meets
The day(s) and time the class meets

The Students enrolled in this class offering

A unique identifier for a Faculty member

The Department to which the Faculty member is assigned

The title associated with the Faculty member

The last name of the Faculty member

The middle name of the Faculty member

The first name of the Faculty member

The street address of the Faculty member

The city associated with the Faculty member’s mailing address
The state associated with the Faculty member’s mailing address
The ZipCode associated with the Faculty member’s address

(Continued)
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Attribute

Curriculum
CurriculumID
CurriculumName
DegreelD
CurriculumDescription
CourselD

Job Classification
ClassificationID
ClassificationName
ClassificationDescription
CurriculumID

Student
StudentID
DepartmentID
StudentLastName
StudentMiddleName
StudentFirstName
StudentTelephoneNumber
StudentStreetAddr
StudentCity
StudentState
StudentZipCode
ClassLevel

Student Transcript
StudentID
CourselD
Grade
DateCompleted
CreditHoursEarned

Assignment
CourselD
SectionID
AssignmentNo
AssignmentDescription
AssignmentGrade

Description

A unique identifier for the Curriculum

The name for the Curriculum

The unique identifier for the Degree associated with this Curriculum
A description of the scope of subjects associated with the Curriculum
The Course numbers associated with this Curriculum

A unique identifier for this Job classification

The name commonly used for jobs with this classification
A description of the type of work associated with this job
The unique identifiers for Curriculums related to this job

A unique identifier for each student

The Department identifier associated with a student
The last name of the Student

The middle name of the Student

The first name of the Student

The contact phone number for the Student

The street address for this Student

The city associated with the Student’s mailing address
The state associated with the Student’s mailing address
The zip code associated with the Student’s mailing address
The current class level for the Student (e.g., Freshman)

The Student identifier associated with this transcript grade
The Course number associated with this transcript grade
The grade recorded for this Student and Course

The date this grade was reported

The number of credit hours earned upon course completion

The Course identifier associated with this Assignment

The Section number associated with these class assignments

A unique sequential number assigned to each Assignment

A description of the work to be done to complete the assignment
The Student grades reported for each completed Assignment

FIGURE 4.1 (Continued) An initial entity/attribute list.

4.3 MOVING TO THIRD NORMAL FORM

As the first step in normalization, review Figure 4.1 to identify changes needed to move to
first normal form. If you recall, each entity must have a unique identifier, and there can be
no repeating groups. Compare your results to Figure 4.2.
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Attribute

School
*SchoollD
SchoolName
SchoolDescription

SchoolCampusLocation

SchoolDeanID

Department
*DepartmentID
DepartmentName
DepartmentHeadID

DeptCampusLocation

Degree
*DegreelD
DegreeName

Course
*CourselD
CourseName
CreditHours
CourseDescription

CoursePrerequisite
*CourselD

*PrerequisiteCseID

CourseOffering
*CourselD
*SectionID
FacultyID
Location
ClassSchedule
StudentID

Faculty
*FacultyID
DepartmentID
FacultyPrefix
FacultyLastName
FacultyMiddleName
FacultyFirstName
FacultyStreetAddr
FacultyCity
FacultyState
FacultyZipCode

Description

A unique identifier for each School

The name of the School

A description for the scope of subjects offered by the School
The campus address for the Dean’s office

The FacultyID for the Dean

A unique identifier for the Department
The name of the Department

The FacultyID for the Department head
The campus address for the Department

A unique identifier for the Degree
The name of the Degree

A unique identifier for the Course

The name of the Course

The number of credit hours associated with the Course

A general description for the subjects covered in the Course

A unique identifier for the Course with a prerequisite
The CourselD for the prerequisite

The course identifier associated with this class offering
The section number associated with this class offering
The Faculty member teaching this class offering

The building and room number where the class meets
The day(s) and time the class meets

The Students enrolled in this class offering

A unique identifier for a Faculty member

The Department to which the Faculty member is assigned

The title associated with the Faculty member

The last name of the Faculty member

The middle name of the Faculty member

The first name of the Faculty member

The street address of the Faculty member

The city associated with the Faculty member’s mailing address
The state associated with the Faculty member’s mailing address
The ZipCode associated with the Faculty member’s address

FIGURE 4.2 The revised entity/attribute list.

(Continued)



80 m A Practical Guide to Database Design

Attribute

Curriculum
*CurriculumID
CurriculumName
DegreelD
CurriculumDescription
CourselD

Job Classification
*ClassificationID
ClassificationName
ClassificationDescription
CurriculumID

Student
*StudentID
DepartmentID
StudentLastName
StudentMiddleName
StudentFirstName
StudentTelephoneNumber
StudentStreetAddr
StudentCity
StudentState
StudentZipCode
ClassLevel

Student Transcript
*StudentID
*CourselD
Grade
DateCompleted
CreditHoursEarned

Assignment
*CourselD
*SectionID
*AssignmentNo
AssignmentDescription
AssignmentGrade

Description

A unique identifier for the Curriculum

The name for the Curriculum

The unique identifier for the Degree associated with this Curriculum
A description of the scope of subjects associated with the Curriculum
The Course numbers associated with this Curriculum

A unique identifier for this Job classification

The name commonly used for jobs with this classification
A description of the type of work associated with this job
The unique identifiers for Curriculums related to this job

A unique identifier for each student

The Department identifier associated with a student
The last name of the Student

The middle name of the Student

The first name of the Student

The contact phone number for the Student

The street address for this Student

The city associated with the Student’s mailing address
The state associated with the Student’s mailing address
The zip code associated with the Student’s mailing address
The current class level for the Student (e.g., Freshman)

The Student identifier associated with this transcript grade
The Course number associated with this transcript grade
The grade recorded for this Student and Course

The date this grade was reported

The number of credit hours earned upon course completion

The Course identifier associated with this Assignment

The Section number associated with these class assignments

A unique sequential number assigned to each Assignment

A description of the work to be done to complete the assignment
The Student grades reported for each completed Assignment

FIGURE 4.2 (Continued)

The revised entity/attribute list.

In reviewing the above, note the following:

o An “*” denotes unique identifiers for each entity.

o Attributes shown in bold italics are repeating groups, that is, when associated with
this entity, this value has more than one value.
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Unique identifiers: In creating the information in Figure 4.1, unique identifiers were
included and were simply flagged with an “*” Of course, for some entities, more than
one attribute must be used to identify a unique occurrence of the entity.

Repeating groups: For each attribute that has more than one value, it must be
removed and placed where it belongs. Next, we must check to see if the relationship
between those two attributes is one-to-many or many-to-many. If that relation-
ship is one-to-many, we are OK and simply continue, but if it is many-to-many, we
must create a new entity to store the intersection data (the attributes common to
both).

Let us look at each from Figure 4.2:

« StudentID in CourseOffering
Does StudentID appear where it belongs? (Yes, in Student).

Is the relationship between Student and CourseOffering one-to-many, or many-to-
many? (Many-to-many; a student may be enrolled in multiple courses, and each
course will have more than one student).

A new entity “Course Enrollment” is needed, along with attributes for a student
enrollment:

Course Enrollment
*CourselD
*StudentID
EnrollmentStatus
DateEnrolled
MidTermGrade
FinalGrade

o CourselD in Curriculum
Does CourselD appear where it belongs? (Yes, in Course).

Is the relationship between Course and Curriculum one-to-many or many-to-
many? (Many-to-many; a Course will be relevant to multiple Curriculums, and any
Curriculum will be associated with multiple courses).

A new “Course Curriculum” entity is required along with relevant attributes:

Course Curriculum
*CurriculumID
*CourselD
Opt-MandatoryFlag
CurriculumCselnfo
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o CurriculumID in “Job Classification”
Does CurriculumID appear where it belongs? (Yes, in Curriculum).

Is the relationship between Curriculum one-to-many or many-to-many? (Many-to-
many; any particular job/job classification may be associated with more than one
curriculum, and a curriculum will be associated with many jobs/job classifications).

A new “Curriculum Job Classification” is needed, along with descriptive information
about how they are associated.

Curriculum Job Classification
*CurriculumID
*ClassificationID
Job Relationship

« AssignmentGrade in Assignment

Is AssignmentGrade where it belongs? (No, we need a new entity “Student Grade.”)

Student Grade
*CourselD
*SectionID
*StudentID
*AssignmentID
AssignmentGrade
DateGraded

Is the relationship between “Student Grade” and “Assignment” one-to-many or many-
to-many? (One-to-many; as defined earlier, an Assignment will have multiple grades
(one for each student), but a “Student Grade” is associated with one Assignment).

With these adjustments, we have moved to a first normal form for the data model as shown
in Figure 4.3.

Attribute Description
School
*SchoollD A unique identifier for each School
SchoolName The name of the School
SchoolDescription A description for the scope of subjects offered by the School
SchoolCampusLocation The campus address for the Dean’s office
SchoolDeanID The FacultyID for the Dean
Department
*DepartmentID A unique identifier for the Department
DepartmentName The name of the Department

FIGURE 4.3  The first normal form entity/attribute list. (Continued)
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Attribute

DepartmentHeadID
DeptCampusLocation

Degree
*DegreelD
DegreeName

Course
*CourselD
CourseName
CreditHours
CourseDescription

CoursePrerequisite
*CourselD
*PrerequisiteCseID

CourseOffering
*CourselD
*SectionID
FacultyID
Location
ClassSchedule

Faculty
*FacultyID
DepartmentID
FacultyPrefix
FacultyLastName
FacultyMiddleName
FacultyFirstName
FacultyStreetAddr
FacultyCity
FacultyState
FacultyZipCode

Curriculum
*CurriculumID
CurriculumName
DegreelD

CurriculumDescription

Job Classification
*ClassificationID
ClassificationName

ClassificationDescription

Student
*StudentID
DepartmentID
StudentLastName

Description

The FacultyID for the Department head

A unique identifier for the Degree
The name of the Degree

A unique identifier for the Course

The name of the Course

The number of credit hours associated with the Course

A general description for the subjects covered in the Course

A unique identifier for the Course with a prerequisite
The CourselD for the prerequisite

The course identifier associated with this class offering
The section number associated with this class offering
The Faculty member teaching this class offering

The building and room number where the class meets
The day(s) and time the class meets

A unique identifier for a Faculty member

The Department to which the Faculty member is assigned

The title associated with the Faculty member

The last name of the Faculty member

The middle name of the Faculty member

The first name of the Faculty member

The street address of the Faculty member

The city associated with the Faculty member’s mailing address
The state associated with the Faculty member’s mailing address
The ZipCode associated with the Faculty member’s address

A unique identifier for the Curriculum

The name for the Curriculum

The unique identifier for the Degree associated with this Curriculum
A description of the scope of subjects associated with the Curriculum

A unique identifier for this Job classification
The name commonly used for jobs with this classification
A description of the type of work associated with this job

A unique identifier for each student
The Department identifier associated with a student
The last name of the Student

FIGURE 4.3 (Continued) The first normal form entity/attribute list.
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Attribute
StudentMiddleName
StudentFirstName
StudentTelephoneNumber
StudentStreetAddr
StudentCity
StudentState
StudentZipCode
ClassLevel

Student Transcript
*StudentID
*CourselD
Grade
DateCompleted
CreditHoursEarned

Assignment
*CourselD
*SectionID
*AssignmentNo
AssignmentDescription

Course Enrollment
*CourselD
*StudentID
EnrollmentStatus
DateEnrolled
MidTermGrade
FinalGrade

Curriculum Course
*CurriculumID
*CourselD
Opt-MandatoryFlag
CurriculumCselnfo

Curriculum Job Classification
*CurriculumID
*ClassificationID
Job Relationship

Student Grade
*CourselD
*SectionID
*StudentID
*AssignmentID
Assignment Grade
DateGraded

Description
The middle name of the Student
The first name of the Student
The contact phone number for the Student
The street address for this Student
The city associated with the Student’s mailing address
The state associated with the Student’s mailing address
The zip code associated with the Student’s mailing address
The current class level for the Student (e.g., Freshman)

The Student identifier associated with this transcript grade
The Course number associated with this transcript grade
The grade recorded for this Student and Course

The date this grade was reported

The number of credit hours earned upon course completion

The Course identifier associated with this Assignment

The Section number associated with these class assignments

A unique sequential number assigned to each Assignment

A description of the work to be done to complete the assignment

The Course identifier for this enrollment record

The Student identifier for this enrollment record

A label giving the student’s enrollment status in this course
The date the student enrolled in this course

The student’s mid-term grade for this course

The final grade given for this student in this course

The Curriculum identifier associated with this course
The Course identifier for this course
An Optional/Mandatory flag for this Course/Curriculum relationship

Descriptive information on how this course is associated with this
Curriculum

The Curriculum identifier for this Job relationship
The Classification identifier for this Curriculum relationship
Descriptive information about how this job title maps to this Curriculum

The Course identifier for this course/student/assignment
The Section identifier for this course/student/assignment
The Student identifier for this course/student/assignment
The Assignment number for this course/student/assignment
The grade given for this student/assignment

The date the grade was given

FIGURE 4.3 (Continued)

The first normal form entity/attribute list.
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Now that the data model is in first normal form, let us use this information to draw the
data model and verify that it makes sense. Refer to Figure 4.3 and use this information to
draw all one-to-many relationships in the data model. Be careful and only draw arrows
when the key of one entity is embedded within another.

When you are finished, compare your results to that shown in Figure 4.4.

After drawing the logical data model, review the diagram to see if all one-to-many
relationships are shown and that they make sense. Do you see any issues in the above-
mentioned diagram?

There should be a one-to-many arrow between Department and Course, but it is not
shown above because at this moment, the key of Department (DepartmentID) does not
exist within Course.

In my initial entity/attribute list, I (deliberately) neglected to add the DepartmentID
attribute to the Course entity.

In drawing the above-mentioned diagram, the design team should recognize that
there should be a one-to-many arrow between these two entities, but that relationship
is not supported by the current entity/attribute definitions. This is easy to resolve; just
add the DepartmentID attribute to the Course entity and add the one-to-many arrow
between Department and Course.

When drawing the logical data model, do not just draw one-to-many arrows where they
intuitively belong. Draw them only where/when supported by the entity/attribute list,
check the diagram for errors/omissions, and adjust the entity/attribute list and diagram
accordingly.

Figure 4.5 shows a corrected logical data model based on the first normal form entity/
attribute list.

Now let us continue with the Normalization process.

Let us review the requirement for second normal form. As stated in Chapter 2:

For second normal form, each non-key attribute must depend on the key and all
parts of the key.

Take a minute to review Figure 4.5 and see what, if any, changes need to be made for the
data model to be in second normal form.

No changes are necessary; the data model is in second normal form.

Next, the requirement for third normal form is: “A non-key attribute must not depend
on any other non-key attribute.”
Review the data model once more to see if any changes are necessary for third normal
form.

Once again, no changes are necessary for third normal form.
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4.4 THE PHYSICAL DATA MODEL

The data model developed earlier gives us a clean data model that could be imple-
mented as is; we need to review how the data will be used before making physical design
decisions.

With our university data model, most data elements are rather static. The most active
area involves inserting new Student Grade entries for each assignment, and in viewing
grades that have been posted. One approach would involve de-normalizing that entity and
creating a table that has one column for each week’s assignment. The following structure
shows the table design for Student Grade for a 16-week semester.

Student Grade
*CourselD
*SectionID
*StudentID
Assignment1
Assignment?2
Assignment3
Assignment4
Assignment5

Assignment16

This implementation drastically reduces I/Os for inserting new grades and searching for
grades.
After making this change, the initial physical design model is given in Figure 4.6.
Note, however, the one-to-one relationship between Course Enrollment and Student
Grade. Why?

o The key of Course Enrollment appears within Student Grade.

o 'The key of Student Grade appears within Course Enrollment.

A one-to-one relationship should always raise a warning flag. If the two entities have identi-
cal keys, then why not combine all attributes into one entity?

There may be times when having two separate entities makes sense. For example, the
two entities may be populated at different points in time. Having two separate entities may
then make sense, using one to store active/current information and the second to store
older, historic data.

In this case, however, I recommend combining Course Enrollment and Student Grade,
moving all Student Grade attributes into Course Enrollment. The physical data model
reflecting this change is shown in Figure 4.7.
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When implementing the aforementioned physical data model, we would of course cre-
ate indexes for columns that are unique identifiers. We would also create indexes on attri-
butes in a table that serve as foreign keys to another table.

If our database implementation supports some sort of clustering of tables (e.g., Oracle
Tablespaces), we would want to cluster this information by grouping tables on disk based
on projected update activity and storing like data together.

School Course Student
Department Course prerequisite | Student transcript
Degree Course offering
Curriculum Course enrollment
Job classification Assignment
Curriculum job Student grade
classification
Course curriculum
Faculty

The normalization process may seem overwhelming at first. The good news is that it is
really just applied common sense; entities are created for each unique object in the scope of
the design, and attributes are associated with the entity it describes. With a little practice,
normalization will become second nature, and new data models will need minimal adjust-
ments to get to third normal form.

The next chapter reviews how the erwin data modeling tool can be used to create logical
data models which, in turn, are used as input to physical data models.

QUESTIONS
1. Explain the difference between a Logical Data Model and a Physical Data Model.

2. When does a one-to-many relationship exist between two entities?
3. Can a Logical Data Model contain a many-to-many relationship? Why/why not?
4. Is a one-to-one relationship valid? Why/why not?

5. When describing a column in a table, what is the meaning of the Optional or
Mandatory setting?

6. What information is considered when moving from a Logical Data Model to a
Physical Data Model?

7. What changes would you make to the Physical Data Model to add a telephone num-
ber for faculty? Give an example. What Storage format would you use?

8. What changes would you make to the Physical Data Model to add minimal grade
requirements for prerequisite courses? Would this be an Optional or Mandatory
column?
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9. What changes would you make to the Physical Data Model to add email address for

10.

11.

12.

13.

14.

15.

students and faculty? What Storage format would you use?

What changes would you make to the Physical Data Model to add information on
textbooks needed for each course?

In Course Curriculum, what storage format would you choose for the Opt-Mandatory
column?

If this university had multiple campus locations, what changes would you make to
the Physical Data Model to store information about faculty positions at each campus
location?

If this university had multiple campus locations, what changes must be made to the
Physical Data Model to track what courses are taught at each location?

What changes must be made to the Physical Data Model to store information regard-
ing graduates?

Faculty members are optionally appointed as course developers. What changes to the
Physical Data Model are necessary to track that information?



CHAPTER 5

The erwin Data Modeling Tool

51 WHAT IS A DATA MODELING TOOL!?

A data modeling tool is a software tool used by the design team developing a new business
system that captures the information requirements for that system, documents the mean-
ing and use of each data element, and supports the creation of the normalized data model
for that system.

5.2 WHY DO I NEED A DATA MODELING TOOL?

As described in Chapter 2, designing a new business system involves the documentation,

review, and refinement of all data requirements for the new system as the scope and details
of that system evolve. A data modeling tool is essential in providing a central data reposi-
tory for the team’s use in reviewing and refining these data elements as the design develops
and to support the generation of a normalized data model.

In addition, leading data modeling tools such as erwin! can also transform the logical
data model into a physical data model. That physical data model would then be changed to
reflect design changes resulting from anticipated access paths. Finally, Structured Query
Language (SQL) Data Definition Language (DDL) commands can be generated to create
tables in a relational database running under SQL Server or Oracle as well as others.

5.3 REVERSE ENGINEERING

One of the more significant features of erwin is that it also can Reverse Engineer a data-

base, that is, connect to an existing database, analyze the table and columns it contains,
and create a physical design model of that structure. This is a wonderful feature to have for
a database administrator (DBA) who inherits a running system that has minimal, if any,
documentation!

Similar to anything else, however, this feature has limitations. erwin will analyze the
tables it finds and report on the columns found within each, then create the one-to-many
relationships found. If column names within the system being analyzed were chosen
wisely, then the physical data model created by erwin will be logically correct and make
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sense. If, however, the original designers were careless in their choice of names, the result-
ing physical data model would not make sense.

For example, if the key columns for several tables were all named “SEQUENCE_
NUMBER,” the resulting display would show relationships between all of these tables and
not make any sense from the business perspective.

When this happens, the confusing/incorrect physical data model is not the fault of
erwin; rather, it is just the result of the design and naming conventions chosen when the
system was first built.

5.4 CHANGE MANAGEMENT

Next, a word on the need for a Change Management process.

Database systems are typically large and require complex web-based user interfaces, as
well as logic embedded within stored procedures and triggers in the database. Members of
development teams have members with a wide range of skills, each supporting the evolution

of a small piece of an intricate infrastructure. The design and implementation of changes

for a system upgrade must be carefully managed to simultaneously migrate changes for all

components, avoiding surprises and downtime for users when system updates are made.
Complex systems typically require three different types of environments.

« Development environment

A development environment will be supported by a host computer and its associated
disk arrays and database. This is where development team members code and test
individual components for components being developed.

All members of the development team will carefully record and track individual
changes to software and interfaces as they are developed. DBAs apply updates using
DDL statements and carefully record details of each individual change.

When the development team has successfully completed testing a set of updates,
change packages are prepared to migrate these changes to another environment. For
DBAs on the team, their change package will consist of the DDL for all sequential
changes made to the development database.

o Test environment

A test environment will run on another host with its own set of disk arrays and
database.

The purpose of this environment is to test the accuracy and completeness of a change
package with changes being migrated. If errors or omissions are found, changes
are backed off, and the development team will research and resolve the issues found,
preparing a new change package to be applied to the test environment.

After a change package has been successfully tested, the team can now migrate those
changes to the production environment.
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o Production environment

As the name suggests, this is the host environment for the real-time production
environment. It of course runs on another host with its own set of disk arrays and
database.

These systems often run 24X7, and some high-availability systems have an accept-
able downtime of a few hours per year. Migration testing of changes to a test envi-
ronment is essential for the smooth migration of a change package to the production
environment with no surprises.

DBAs have online graphical user interface tools that give them the capability to make
quick and easy changes to tables, stored procedures, and triggers. However, using this type
of tool makes it difficult to impossible to track all changes, then sequentially apply those
changes to another environment.

For this reason, DBAs apply all changes using a sequence of DDL updates, recording
each into a master set of changes to be applied when the change package is ready to be
applied to another environment.

For licensed users of erwin, my recommendation is to use it to first create the tables in
the initial physical data model (or reverse engineer a live system). After creating that initial
baseline, manually create DDL change packages for subsequent updates to the database
while keeping erwin up to date as changes are applied. Details on how to use erwin for
tracking changes are beyond the scope of the current book.

Let us now see how to use erwin to create the logical and physical models for the
University data model created in Chapter 4.

5.5 DOWNLOAD AND INSTALL ERWIN TRIAL SOFTWARE

There are two ways to download and install trial versions of the erwin data modeling
tool.

o Demo software trial: Go to http://erwin.com/resources/software-trials and select
“Request Demo”; fill out and submit the form and select “Submit Request.” You will
be sent a link and instructions on how to download and install a limited version of
the software.

o Academic software trial: The vendor now supports another version of erwin that can
be downloaded and used for one year. This version does, however, require the use of
an email account associated with an educational institution.

Go to http://erwin.com/education/erwin-academic-program/academic-edition and
click on “Get erwin Data Modeler Academic Edition.” After submitting the requested
information, you will receive a link and instructions on how to download and install
the trial software.


http://erwin.com/resources/software-trials
http://erwin.com/education/erwin-academic-program/academic-edition
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5.6 CREATE THE UNIVERSITY LOGICAL DATA MODEL

After downloading and installing erwin, use the Start sequence to find the “erwin/erwin

Data Modeler” executable and double-click it.

erwin Data Modeler Licensing X
Select the type of license you want to use for this modeling session
Local Licenses
. [ Display Host Info |
[ Install License File |
Concurrent Licenses

(O Acquire concurrent use Workgroup Edition license
[ 1f unavailable, attempt to acquire a concurrent use Standard Edition license
(O Acquire concurrent use Standard Edition license
License Sever
Server Path: | For example 27000@hostname ( 27000=port number ) |

Borrow Licenses

| ReturnDate : Return Time : \Eiv :Tsivi\ (hh:mm)

[CJRemember the licensing options and do not show this dialog again.

o 0 conca |

« Click OK to use the locally installed trial license to get this display.

Ry erwin DM

File Edit Yiew Diagram Model Actions Tooks Window Help

DBA2NBA OO EH2 v MRy [ — R TR R R AT TR R ]
GEEEEcSgiQAQAAQ@AQpiE FaBRB-IC_ i & RS R RR e SO0

100% [=)———- -
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o Next, click the File/New option to get the following:

New Model X
Type
@logcal  Ophysical  OlogicalPhysical O Match template
Target Server
[ I Match template target server

Template

|<Defadt> v| a é
[ Preserve the template binding

+ Leave the Logical option selected and click OK.

T erwin DM - Modell - a X
Eile Edit View Diagram Model Actions Tools Window Help

‘DEB3BA OO NBE LTy T " BBEBIA-8-2-|S-=-5-§

DEEERGsE, Qaa AR RBR B pidd & B#SREBBETE AR NEE

For Help, press F1 5 Non-Mart Model 100% (=)
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« Next, select the View/Windows/Explorer Pane option.

4 erwin DM - Modell - o X

File Edit View Diagram Model Actions Tools Window Help

DER3BA OO NBER L TRy

: Bsd.aqaa@y
2 x

|
EIEIERIEIRS

[) Model Subject Area
For Help, press F1

243 Non-Mart Model 100%=——0—@ =

You are now ready to use this display to add the entities and attributes for the
University logical data model.

To add new entities, select Entities/New to get the following.

4 erwin DM - Model = ] X
File Edit View Diagram Model Actions Tools Window Help
DEBR3BEOOLRBEL TR . [ IBDEBA-S8-4-=-=-5-4

NEERES Sy AAQAAAL B RGBG B-lvad i@ 2 BESRIBRBeTgid N

HEE08e

=-[) Model_1

[) Model [@ Subject Area

For Help, press F1

243 Non-Mart Model 100%=——0—@ .
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« Under Entities, change “E/1” to the name of the first entity to be defined (in this case,
“School”).

Y erwin DM - Modell

File Edit View Diagram Model Actions Tools Window Help

‘DEBR3BE OO NBEeN TRy . T I DmEEA-8 -2 ==
PEEEESS, QAQRM, B FRBE B ke |

2&
AFE a8
() Model_1

Annotations
Datatype Standards

vgvﬂ
SR

it
i

@

i

@EH-&?HHE RAGas

§
;

[ Model [B Subject Area
For Help, press F1

£ Non-Mart Model 100%0—0—® =

o Next, select School, then right-click and select “Properties.”

Y erwin DM - Modell

- o X
File Edit View Diagram Model Actions Tools Window Help
DEBR3BEOOLRBEL TR L [ I BmEEA-S8-2- = B
Hahd, QAQAQAL H B RbbGE B-loa |

FR A BRI SBETH ARLNEY
FEIERIEIR =

=-[) Model_1
@ Annotations
@ Datatype Standards
¥ Defautt Values
& :
e

o |[-@-|[eE3

[) Model Subject Area
For Help, press F1

S Non-Mart Model

100%=——0—@ .
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 Use this window to add attributes for School. Start by selecting the Attributes/New
option to get the following:

4 erwin DM - Modell

- o X
File Edit View Diagram Model Actions Tools Window Help

DNBRISBE OO, [NER LW EEy L 1 | BneEA-2-2-
CEEEESSy Q@ ERRBRIE-lvd  idd & BEce @87 AR00&E

[I\

Il

Ifl
L

FEIEERIEIR

() Model_1
Annotations

[) Model Subject Area
For Help, press F1

54 Non-Mart Model

100%=——0—@ =

« Change “<default>” to the first attribute to be added, in this case SchoolID.

Y erwin DM - Modell

- o X
File Edit View Diagram Model Actions Tools Window Help
DBAR3BBE OO, [RELNERL £
DEEAEsd  QAQAAL B FREBREIB-lkia  -|gif@d - BIHSRISBe:T

e s
=-[) Model_1
[@ Annotations

%

[ Model [iI§ Subject Area
For Help, press F1

50 Non-Mart Model

100%|/=——0—®)
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« Optionally, select SchoollD/Properties to open a window where a detailed definition

for this attribute can be entered. This becomes the central information repository for
the design team.

o Select the Attributes/New sequence to add another attribute.

Y erwin DM - Modell

- u] X
File Edit View Diagram Model Actions Tools Window Help

DNBR3BE OO, [RELI L NEEy L 1 I BnEEA-8-4-|=-=-=5-§
DEEAG S, QAAAQA A FGBE B-load - oidda- BECRER =T ARRDE

@ME|ET|E e =

=-[3 Model_1

[ Model Subject Area
For Help, press F1

5 Non-Mart Model

100%(=——0——@

+ Change “<default>” to the next attribute being added (in this case, SchoolName).

4 erwin DM - Modell

File Edit View Diagram Model Actions Tools Window Help

‘DER3BAE Q0 NBEBoLRL N EEy
CEEREsG; QaaaE

— ] 1 L

L PRBRIB-laed  PiAHA- BEoRISBE-TE ARINEE

RN F-- 35

[) Model Subject Area
For Help, press F1

54 Non-Mart Model

100%(=——0——@ =
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» Repeat this sequence to add the other attributes for the School entity.

4 erwin DM - Modelt

= o X
File Edit View Diagram Model Actions Tools Window Help
DSBS BR OO, NEo R T, . [ IBmuEA-2-2-=-=-5-§
A H S IBECRISBe:TH AR NE]Y

DEAEES . QAAQAE: H B aGE B koe |
CEIERIEIR :

2 [ Model_1

< I >
[) Model [B Subject Area
For Help, press F1

21 Non-Mart Model 100%(0—0—® =

« Let us now set properties for these attributes. Select SchoolID, then Properties to get

the following.
7 Entity 'School’ Attribute 'SchoollD' Editor o X
ENTIEAREN: (EER - ALK [ et ext
Name | | Type |Primary Key | Foreign Key | |
SchoollD BT, <cefadt> [V|OWRGS) [v| O 5] 5]
SchoolName E%,<defouit> [G]cR(8) [v] O o (=]
SchoolCampusioc... [0, <defoult> [V]CHR(S) [ [ ] o
SchoolDeanID [, <defouit> [G]cHR(18) [V] O = o
SchooDesaripton ], <default> [G|CHAR(S) [ [T =] o
General Constraint Link  KeyGroups Style Definiton WhereUsed UDP  History Notes Extended Notes
Domain | | Name: B[ [ schoolld =
=€| % B Logical Data Type
=64 <defaut>
| .,-.m || crarcis) [~]
D o o
T swno [t [~]
image: [T Fpvefoutt..[ ]
woalony: ([0 [ ]
B [petais..|

Use this screen to identify the key column for the entity (in this case, SchoolID) and
to change the data type to the data type anticipated for the physical design model.

In this case, all were changed to varchar(50), where a value of SchoolID has

o A mixture characters and numbers.

« A maximum length of 50 bytes.
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o The varchar option results in a SchoolID value of only 10 bytes to require
10 bytes of physical storage. Using varchar therefore supports flexible yet efficient
implementations.

« Continue using this sequence of command to add the other entities and attributes in
the University data model.

Note that at any time, the “File/Save As” feature can be used to save the logical data model.
The following display shows all of the entities after being created in the logical data
model.

T, erwin DM - University8.erwin - o X
File Edt View Diagnm Model Actions Tools Window Help

BER3AKROO,NEeL LD, [ T IBmESA Q-2 =-=-5-§

DEBEEsd, aaaa@; 8 BERbk B-lod  RPEALE-BRCRRR-TRARINEKE

;
i

il
i

it
§

1
;{fééf%

i

GRRSAERe s eereese o0 e s RIBAE
IIDDDDDDmm

i
:

D) Model [ Subject Area
For Help, press F1

84 Non-Mart Model 100%.

 To create the logical data model diagram, we will now add each entity to the dia-
gram on the right. To add Assignment, select it in the left pane, then select “Add to
Diagram.”

5, erwin DM - UniversityB.erwin - a X
File Edit View Diagram Model Actions Tools Window Help

DBRBA OO NBE @y — 0 TSR3
DEEAENS S QAQQQQ BERBRIE v o@d 2 BHcBIR

"o
2-[) Model_1

?§§§

i
i

Assignment
AssignmentNo
CourselD

|

it
:

Jl

SectionlD

|

IoDDIDDIoooooomm

§§§§§§§§ﬁ

YRRLBBE@e ceererronnee e e RIGAR

i
:

[ Model [3 Subject Area
For Help, press F1 ‘84 Non-Mart Model
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» Note the layout/arrangement of attributes in Assignment. The top section, with
AssignmentNo, CourselD, SectionID, identifies the primary key for that entity (in
this case, the concatenation of these attributes). The attributes below the line are the
non-key attribute(s).

 To add Course to the diagram, first select Course and “Add to Diagram” to get the

following:
4 erwin DM - UniversityB.erwin - o X
File Edit View Diagam Model Actions Tools Window Help
TR TN Y SO XIS I Y R T [ e mEBA-8-2-|=-

DEEAESS QAQAQ BB RbE B-loa g idd & DIH s

odtg  ax
mEO
&) Model_1
gt
> 3 e

As
Job Classfication CourselD

CourseName
S CreditHours
DepartmentlD

I

CourseDescription §

[ueurfuruiuiuruiuiuiuduuiegog]

i1t
gi

|

m;sg.;gggaﬂnaaeaaﬂmaaﬂsaa
ag il

:
:

[ Model Subject Area ER_Diagram_31
For Help, press F1 81 Non-Mart Model 100% |

« Note how the CourselD attribute is shown as the primary key.

« When adding entities to the diagram, they will overlay each other as shown earlier. It
is best to move each as it is added to make each visible in the diagram, just select an
entity in the diagram, and drag it to a new position.

4 enwin DM - University8.erwin - 8 X
File Edit View Diagram Model Actions Tools Window Help

§‘EBB\.BIIAIQ@E§EQ'1'1“H‘N“B i MoosoftSans Serif  + 10 -IIH\A~2~=~IE~§~§-B

DEEAESSAYQQAQARALIE P RbE Bl gid@ 2 B @B:=TR AR NEY

EE A&

E-[) Model_1

Dm’ Standards - - -
E

CourseName 3
CreditHours Assignment

DeparmentD AssignmentNo
CourseDescription CuulrgalD
SectionlD

;?

T
i

AssignmentDescription |

i
5

|

ggggmm"mm@mmmmmmmmm
§§g§§§§§ Eg

i

[ Model [ Subject Area
Ready
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+ Continue adding other entities, moving each in the display and arranging them close
to associated entities.

o The next display shows the diagram with all entities; the Model Explorer window was
closed to free up space in the display.

4, erwin DM - [University8.erwin : ER_Diagram_31*] - o X
File Edit View Diagam Model Actions Tools Window Help -ex
BERIBRE OO, NBELL L EE, - [ EDRBA-2-2 =L
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Now let us modify the diagram to add one-to-many relationships.

To add a relationship between School and Department, first select the one-to-many
icon (under the Tools label).

Click on the key of School (SchoolID), hold the mouse button down, and drag the
arrow to SchoolID in Department.

Check to confirm the arrow drawn connects the SchoolID attribute between School
and Department.

Release the mouse button.

The following screen will be generated.

Key Migration Conflict X

The child entity ‘Department’ already contains an owned attribute with the
name 'SchoolID".

Would you like to:
Migrate Key Option
(® Replace child attribute with FK attribute. [Jpon't ask again.

(ORename child attribute: SchoolID

(ORolename migrating attribute:  SchoollD

o 1| concel
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« Click OK to finish defining this relationship.

o In the following diagram, note the one-to-many relationship created between School
and Department.
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« Note, however, that the primary key for Department was changed to include the for-

eign key SchoolID. SchoollID is a foreign key but does not need to be part of the
primary key.

« To make this change, select the Department entity, right-click, and select Attribute
Properties; the following window will open.

7 Entity ‘Department' Attribute ‘DepartmentlD’ Editor

Entity: Department - o

ENTIEAREN: fERTE A

[&nter fiter text

o ——) <default> [HICHAR(18)
< SchoollD E",(deﬁdb EO«R(IB) E [ (=]
Departmenthame By <defauit> [v|CaR(18) [y o o
DepartmenttieadID Eﬂ7<demx> ECHAR()&) E o o
tCampusLocation El_,(demp ECHAR()S) E o o

B ot

image: [T Fpvefout...[ ]

S (e ———

General Constraint Lik  KeyGroups Style Definion WhereUsed UDP  Hitory Notes ExtendedNotes

D:'éu‘h% = Name: ||| DepartmentD (=]
= Logical Data Type

=M 3 I::e;uwo &] e =
E:g Da' Eﬂ :: Null Option
% stng [=]
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+ On the SchoolID row, simply click on the check in the Primary Key column to dese-

lect that specification.

87 Entity ‘Department’ Attribute ‘SchoollD’ Editor R = B
Entity: |Department ~
EB BT T0eE %@ [ Srter e et
Name | | | | I

‘ =
B
| Data Type
=649 <default>
El'.abb [T crarcis) [+
i:E:DD', e Nul Option
O s B[t I~
image: (G| ®ppefaut .. v]
togial ol
o o - e

« Closing that window corrects the attribute specifications for Department. Note the

change in the following window.
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« Continue analyzing the logical diagram, adding all one-to-many relationships
reflected in the logical model. When finished, compare your results to the one on the

next page.
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This is the third-normal form logical data model for the University database.

As with any logical model, one-to-many relationships can only exist when the primary
key of an entity exists within another entity. In addition, the diagram must make sense; if
your business sense suggests a one-to-many relationship exists between two entities, the
primary key of the first should be added as a foreign key to the second entity.
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5.7 CREATE THE UNIVERSITY PHYSICAL DATA MODEL

After completing (and saving) the logical model, it can be used to create a physical data

model.

» Move the mouse cursor through the Actions/Design Layers sequence and click on

Derive New Model.

Derive Model

Select the Target Model
Please select the options to create a new derived model

Overview

Type Selection

Compare Level:
Unknown

Object Selection Remove

Naming Standards

Browse File System...

Creates a new logical-only model with all default settings.

Browse Mart...

< Back Next > Derive Close Help
+ Next, change the New Model Type to Physical.
Derive Model
Select the Target Model Compare Level:
Please select the options to create a new derived model Unknown
New Model Type
OLogical O LogicalfPhysical
Querview Create Using Template:

Type Selection

Remove

Object Selection

Naming Standards

Target Database
Database: |Orade

v

<Back

Browse File System...

Creates a new physical-only model with all default settings.

Browse Mart...

Version: |11g/12c

Derive
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o Under Target Database, use the pull-down to select the type of RDBMS to be used (in

this case, SQL Server).
Derive Model
Select the Target Model Compare Level:
Please select the options to create a new derived model Unknown

New Model Type
OlLogical @ Physical O LogicalPhysical

Overview

Create Using Template:

Source Model

Type Selection

Object Selection Remove Browse File System... Browse Mart...
Naming Standards Creates a new physical-only model with all default settings.

Target Database
Database:

Version: | 2012/2014/2016 v

<gack |[ nNext> | [ peive | | close Help

« Clicking Next takes you to a screen to specify how much of the logical model is to be
used as input for the conversion.

Derive Model
Derive Model Type Selection Compare Level:
Please select the types of objects to be Derived Physical
Filter Level
Logical Level [MPhysical Level [[JDatabase Level
Overview Option Set: | Advanced Default Option Set v| @ i}

Source Model a E D @ A
3] [E] [£] Properties

Target Model #-M [T Annotation

-1 @ Datatype Standard

[ 1§ Default value

& [EEE] Domain

#-M (2] er Diagram

- @ Extended Notes

- @ Image

-2 @ Naming Standard

2] @6 Page Setup

L

@

@

Object Selection

Naming Standards

3] @H Relationship
-8 Subject Area
+ 2 sbtmesmbo -

< Back Next > Derive Close Help
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« Clicking Next allows you to specify the objects to be linked in the new model.

Derive Model
Source Model Object Selection Compare Level:
Please select the objects you want to linked to the derived model Physical
[ choose Objects Using Sets Selected Objects:
[ENY[ I | subject Areas| =MD Model_1
Over #- &Y Indexes -5 F¥ Domains
&-[ ¥ Triggers -} ER Diagrams
Source Model -5 B4 Owned By - Images
- @} Page Setup
Target Model [ ¥ Relationships
- Tables
Type Selection @A Themes
Naming Standards
[JHide unselected objects
< Back Next > Derive Close Help

« Clicking Next opens another window with options for Naming Standards.

Derive Model
Naming Standards Compare Level:
Apply naming standards to the derive model Physical
Name Mapping
Object Type: | Attribute to Column v
Overview Property Value A
: del Macro_Text Y%AttName
Source Model Use_Name_Mapping... false
Target Model Use_Alternate_Abbr... Alternate Abbreviation
Name Mapping Prefix S
Type Selection ~ 2
Special Characters
Object Selection .
= @ Leave (ORemove OReplace with  _
[JRemove Vowel [] Allow special DBMS characters
Active Model Template Path For Naming Standards
Browse File System... ENUMERATED
< Back Next > | Derive Close Help




112 = A Practical Guide to Database Design

« Click Next to create the physical model.
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This diagram now represents tables and columns to be created in a new database. This

physical model should be saved with an appropriate name.

Before we create physical tables, let us refer to the usage analysis for this model and note
the insert activity required when new Student_Grade rows are entered, and the subsequent
read activity to retrieve Student_Grade rows for review or updating.

To provide an implementation with a higher level of performance, let us de-normalize
the Student_Grade table, removing AssignmentNo while adding a column for each week’s
grade. This design requires only one row in the table to hold all grades for each student and

eliminates the I/O activity when new grades are added. The physical design model now
looks that shown on the next page.
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Remember that our third-normal form data model was deliberately kept clean and
simple to give a good foundation for the original physical design. Now, however, we
must review usage requirements, anticipate physical accesses to satisfy user require-

ments, and make changes to the physical design as needed to improve performance of
the system.
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If there are no further changes based on initial performance predictions, we can now use

erwin to create DDL statement to create a database containing these columns, attributes,
and constraints.
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5.8 CREATE AN SQL SERVER UNIVERSITY DATABASE
Finally, to generate DDL for the database:

o Use the cursor to follow the Actions/Forward Engineer menus and select Schema to
get this window:

Forward Engineer Schema Generation
Option Set: | Defauit Schema Generation v|| open.. || save | [savess.. || Dpelete |
Options  Summary Comment
SQL Server 2012/2014/2016 Schema Schema
Security [~ Pre-Script "~
Server [~ Post-Script
Database [ Create
Table ["/Aggregate
Column [¥Function
mx [V Procedure
. N [V User Defined Type
-?ﬁgf::,n el ntegeity [~ Synonym
Other Options [/Sequence
[VRule
[V Default
[TIXML Schema Collection
[~ Drop v
Database Template: | SalServer2012.fet | [[erowse... | [ edt.. | [ Reset
Table Filter: 16/16
| iter... | |owneroverride...| [Preview...| | print | [Report...| |generate...| [ ok | | cancel |

 Next, select Report to get the following:

Bl Generate SQL Server/SQL Schema Report X
Savein: | | Book v| @ 2 @&
* Name . Date modified Type
. Code 4/15/20179:37 AM  File folder
Quick access Figures 4/15/20179:37 AM  File folder
- Monitor 4/15/20179:37 AM  File folder
Output 2/24/2017 10:04 AM  File folder
Desktop PGDD archive 4/15/20179:37AM  File folder
< Web 4/15/2017 9:37 AM  File folder
m [£y UniversityDDL.sql 6/3/2017 4:08 PM Microsoft
Libraries [y UniversitySchema.sql 6/3/2017 412 PM Microsoft
This PC
* < >
Network
Flepame:  |IEEREEIEE] v e ]
Saveastype: | SQLDDL (ers:"sql:"dd) v| | canca |
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+ Navigate to the directory in which you want to create the DDL file and name the file
to be created:

Bl Generate SQL Server/SQL Schema Report X
Savein: | | | Book v @@ @
* Name - Date modified Type
. Code 4/15/2017 9:37 AM  File folder
Quick access Figures 4/15/20179:37AM  File folder
- Monitor 4/15/2017 9:37 AM  File folder
Output 2/24/2017 10:04 AM  File folder
Desktop PGDD archive 4/15/20179:37 AM  File folder
. Web 4/15/2017 9:37 AM  File folder
(m] [ UniversityDDL.sql 6/3/20174:08PM  Microsoft
Libraries [2 UniversitySchema.sql 6/3/2017 417 PM Microsoft
This PC
d < >
Network
File name: l sitySchema sq v| | Save I
Saveastye: | SQLDDL ("ers:"sql:"dd) v | Cancel |

« Clicking Save will create a DDL file to define all tables, columns, and constraints
shown in the physical design model.

erwin has the capability to directly connect to an Oracle or SQL Server instance to create
and/or manage databases, but that is beyond the scope of the current book.

To see the SQL code generated by erwin to create the schema from this physical model,
refer to Appendix C—University DDL.txt.

QUESTIONS

1. What is a data modeling tool? How does it help a design team when designing a new
database?

2. What is the difference between a logical data model and a physical data model?

3. Name two RDBMS products supported by erwin’s physical data modeling software.
4. What is reverse engineering, and when/how is it used?

5. What does the erwin reverse engineering file use as input, and what does it produce?
6. How accurate are the results of a reverse engineering process?

7. What is the change management process, and why is it important?
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10.

11.

12.

13.

14.

15.

m A Practical Guide to Database Design

. Describe the components of a change management system and describe what they do.

. When using erwin for logical data modeling, where is the information entered that

gives a full definition/description for each attribute?

When defining attributes in a logical data model, what is the purpose of defining/
selecting logical data types?

When using erwin for logical data modeling and defining a new entity and its attri-
butes, how is the key column identified?

After creating tables in a logical data model, how are one-to-many relationships
identified?

After creating a logical data model, what needs to be done to create a matching
physical data model?

When creating a physical data model, when/how are referential integrity constraints
created?

When using erwin for physical data modeling, what needs to be done to create the
DDL to create a new database?
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CHAPTER 6

Using Microsoft Access

6.1 OVERVIEW

Microsoft Access is a relational database management system (RDBMS) that is included as
a component in the Professional and Enterprise versions of Microsoft Office. Although it
lacks the depth of RDBMS features provided by SQL Server or Oracle, it has a number of
features which make it ideal for developing applications for many desktop users.

o Users can design tables and views and can import data into tables.
o It includes tools to help the user to quickly create queries and view and update data.

o Microsoft Access includes a graphical user interface (GUI) allowing the user to
quickly create reasonably complex interfaces.

+ Asitisembedded in higher end Microsoft Office packages, it is available for use by all
users in the Department of Defense and Intelligence communities.

o Microsoft Access supports a somewhat limited version of SQL. However, a complex
query can often be accomplished by combining multiple smaller, simpler views to
create the more complex result.

Access can be used to develop and deploy database management system (DBMS) tools for
a team of users. One database can be designed as the team GUI containing the query and
update mechanisms needed. This database would contain a link to another Access data-
base that contains the table(s) being viewed/updated. Deploying the Access GUI to each
user’s computer would allow each user to view and/or update the single database instance
with the data shared by the user community.

o Access provides an ideal platform to rapidly develop a prototype of a new system,
allowing users to see and provide quick feedback on features that are needed.

117
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Tables in Access can be defined as links to tables that reside in another RDBMS.
Mechanisms created in Access can then be created to view and update data, for example,
from an SQL Server table.

Let us begin by using the OrderItem database created in Chapter 3.

6.2 MODIFICATIONS TO THE DATABASE DESIGN

The physical design for the OrderItem database used in the current chapter is based on that
developed in Section 3.5.1 with the following changes:

 In the Customer table, the DataType for the Customerldentifier was changed from
AutoNumber (used in that chapter to illustrate that feature) to ShortText with a
length of 50 bytes. This format is more realistic and flexible for that column and pres-
ents fewer issues when generating Forms and Reports.

o Inthe Advertised_Item table, the ItemWeight and ItemColor columns were removed.
With those changes, the OrderItem database now contains the following structure:

Orderltem : Database- C:\Users\Rex\Documents\Book\Orderltem.a... ~ Rex Hogan

Home Create External Data Database Tools Design Q Tell me what yo
E\/‘ X Cut W 2lAscending Y Selection = New > Totals () 25 Replace
‘B Copy | Descending T Advanced H Save ' Spelling 3 GoTo B I U |3
View | Paste Filter Refresh kd Find »
' Format Painter Remove Sort 'Y Toggle Filter | a~ X Delete ~ [ More Select A-¥ »
Views Clipboard & Sort & Filter Records Find Text Formatting -~
o =5 Relationshi X
All Access O... @ «|[= =
Search.. vl Customer : O
= " R Advertised_ltem Supplier
Tables 2 ¥ Customerldentifie | o | g gre— 1 N —
B3 Advertised_item ; CustomerTelephor ertbescit ¥ supplierlD
emDescription SupplierName
T Credit_Card CustomerlastNam
B Credit_Car ¢ ItemDepartment SupplierStreetAddres
= itemPrice
& customer CustomerMiddieN Order Lowestpri Suppliercity
ER New Customer c 7o 2 owes P,'“S Supplierstate
) LowestPriceSupplier etz
B3 Order CustomerCity Customerldentifier SupplierZipCode
Customerstate OrderDate
B3 oOrdered_item -
€ ode v
B3 Restock_item ShippingCity
B3 selected Advertised_item ShippingState Ordered_ltem
ippi de
B3 selected Order -
= CustomerCreditCard : Ondetiumber
B3 supplier Credit_Card X ShippingDate g:'"""‘n’;‘g'; | P
- o antityOrdere estock_ltem
Queries = ¥ CustomerCreditCardNumb) — SellingPrice s
Forms ¥ N ¥ SupplierlD
CustomerCreditCardName {temShippingDate
Reports 2 = ¥ itemNumber
Customeridentifier
@ orderitems ReorderPrice
4 >
Ready Num Lock

6.3 LOADING DATA INTO TABLES

Data can be loaded into tables in a number of ways.

 For quick development and testing, Access allows the user to open a table directly
and enter new rows, or to modify data already loaded.
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Note that when loading tables involved with one-to-many relationships, tables on
the primary (one) side of the relationship must be added before rows on the many
side. For example, a Customer record must be created before any Credit_Card
rows with that Customerldentifier can be added.

o Tables are often loaded by importing data from an external file. To load Customer
data, select Customer, then use the “External Data” tab to select the source type.

s Orderltem : Database- C:\Users\Rex\Documents\Book\Order... Rex Hogan

File Home Create External Data Database Tools Q Tell me what you want to do

ﬁ T Saved Imports mma| ﬁ \,;T_] @ ['é [@J—_.] @ Access

NewI:ta i linked Jeble Mansoe \S.a)ved Excel Text \)-()ML ‘;’)DF Email .,’:ﬂWord Merge

Source ~ Exports File File orXPS 57 More ~
_ impotaunk Bport A
All Access O... @ «

Search... yel

Tables A [«

EH Advertised_item I

B Credit_Card

3 Customer

B3 New Customer

B order

:ﬂ Ordered_ltem

E Restock_Item

B Selected Advertised_...

B3 Selected Order

EH_suoplier hd
Ready Num Lock

The most common sources for table imports are Excel files. Choosing the Excel file
opens a window allowing you to navigate to and select the file to be imported.

The import mechanism will attempt to match the table design to the file content and
gives the user the option to skip/ignore columns in the file being imported.

As an option, the user may import the file as is into a new table using column
names found on the first line of the input file. After importing the file, the user
can then run an SQL command using the “INSERT INTO <tablel> VALUES
(<column names>) SELECT <column names> FROM <table2>” syntax to take
rows from the table just created and add them to the table to be updated.

The import wizard also makes it easy to import data from delimited flat files, where
columns of information are separated by special characters (e.g., tab characters).

6.4 CREATING QUERIES

The Query wizard is an easy and powerful tool for use in building complex queries.

6.4.1 Create a Customer-Credit_Card Query

« To create a query showing Customer and Credit_Card rows, click on the Create tab,
then find the Query Wizard.
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s Orderltem : Database- C:\Users\Rex\Documents\Book\Orderltem.accdb (Access 2007 - 2... Rex Hogan

Create External Data Database Tools
B = = = & Form Wizard - 5 = @25
MEELN = FEEEEDEERREE
b === D N g e [E] Navigation ~ - - Iy!
Application = Table Table SharePoint 'Query Query Form Form Report Report Blank Macro _
Parts ~ Design Lists~  Wizard Design Design Form [EE More Forms ~ Design Report &l
Templates Tables Queries Forms Reports Macros & Code ~
All Access O... @ «
Search.. yol
Tables 2 [4]
EH Advertised_item
B3 Credit_Card
3 customer
B3 New Customer
B order
=z Ordered_ltem
EH Restock_ltem
EH selected Advertised._...
B Sselected Order
z:: Supplier
Queries v
Forms v
Reports A L
[@ order items hd
Ready Num Lock
[{YeH] . > .
 Next, select “Simple Query Wizard” and click OK.
New Query ?
ff
;ﬁ , Crosstab Query Wizard
Find Duplicates Query Wizard
Find Unmatched Query Wizard
This wizard creates a select query
from the fields you pick.
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By using the pull-down menu for Tables, select the primary table of interest (in this
case, Customer).

Simple Query Wizard

« Individual column names can be selected for use by selecting the column name and
clicking “>”; clicking “>>" will add all columns to the query being build.

Simple Query Wizard

el | m———
:"L.’ & You can choose from more than one table or query.

Tables/Queries
Table: Customer

Available Fields:
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« Clicking Next brings up a screen allowing you to see the results of the query being
developed, or you can choose the Modify option to continue developing the query.

Simple Query Wizard

What title do you want for your query?

: j Customer Query

That's all the information the wizard needs to create your
query.

Do you want to open the query or modify the query's design?

(O Open the query to view information.
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 To add the Credit_Card table to the query, click in the design pane, then right-click
and select the “Show Table” option to bring up the following.

« Select the table to be added to the query design (Credit_Card) and click Add. The
“Show Table” menu will remain open to add other tables; click “Close” to close that

panel.
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View Run Select Make Append B ~ how . Totals
- Table % Delete £ Data Definition Table 2> Builder £ Return: |All - E’
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B3 order
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« The query now will show all Customers and their associated Credit_Card rows. Click
the View option to see the data returned by the query as it stands.
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s Orderltem : Database- C:\Users\Rex\Documents\Book\Orderltem.accdb (Access 2007 -
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Optionally, you can also select “SQL View” to see the SQL statement that will be used
to run the query.
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Home Create External Data Database Tools
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View Run  Select Make Append 5 Show - Totals .,
v Table "% Delete  B£ DataDefinition = T,pje < Builder £ Return: 8
Results Query Type Query Setup Show/Hide A
[ Customer Ques x
All Access O... © «|| = d
| SELECT Customer.[Customerldentifier], Customer [CustomeﬂelephoneNumber], Customer [CustomerLastName], A
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Delete or rearrange the order of columns if desired; when finished, clicking x on the
Customer Query line will close the query, giving you the option to rename it.

6.4.2 Create a Query Using SQL Commands

In some cases, it will be simpler to simply enter the SQL for a query directly in the Design
Panel. Assume one Supplier with the SupplierID “Supp1234” has raised the price of each of
the items they sell by 10%.

 Use the Query wizard to start building a query on the Restock_Item table, and when
the panel opens, switch to SQL View. Next, replace the code displayed with the fol-
lowing SQL command:

UPDATE Restock Item SET Restock Item.reorderprice =
reorderprice*1l.1
WHERE (((Restock Item. [SupplierID])='Suppl234'));

o Atthe top of the pane, select the “Update” button, then close the query and give it an
appropriate name.

H ©- 5 Orderltem : Database- C:\Users\Rex\Docu...
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6.4.3 Filtering Query Results
In viewing Query results, Access provides pull-down options for each column to allow the
user to filter results as needed.
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Let us see how a query can be created and used to view and filter prices from Suppliers

for an Advertised_Item.

By using the Query wizard, start building a query for the Advertised_Item table.

5 Orderltem : Database- C:\Users\Rex\Docu...

Home Create

External Data

Rex Hogan

Database Tools
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. [ Crosstab & Pass-Through
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- Table °x Delete
Results Query Type
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¢ Query  Show/
£ Data Definition  Setup ~ Hide ~

All Access Objects @ «
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X

[Search.. o Advertised_ftem Ol
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!  Add New Customer ItemDepartment
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3 Orderitems
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Y Query2 Sort:
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Reports A Criteria:

or: =
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Ready Num Lock st | B4

o Next, click in the design pane and add the Restock_Item and Supplier tables.

= s
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« Update the query to display the Supplier name and the ReorderPrice.
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« Finally, save and open the query to view the results.

Create External Data Database Tools

OT
o

>3 p %
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« To see prices for one item (e.g., temNumber Officellll), click on the pull-down for

ItemNumber to see a list of all values for that column; deselect all values and select
only Officel11l.

o Alternatively, select the Text Filters/Equals sequence:

Custom Filter ?

ItemNumber is equal to |

|

« Entering Officell1l filters the output display to show the prices offered by the four
Suppliers in the database.
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Forms ¥
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The ad-hoc use of query results can be very effective.

o For example, if a Supplier was discontinuing selling three specific items, the
above-mentioned query could be filtered to show all prices for items from that
supplier and then sort results by ItemNumber. Next, select an ItemNumber being

discontinued.
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« Right-clicking on this row opens a pop-up menu containing the “Delete Record”
option; click that option to delete the row selected.

6.5 USING FORMS

The Query wizard is a powerful tool used to view and update data in tables. Typical users,
however, need a better user interface to view and update data of interest.

The Forms wizard is a fundamental tool used to create displays to select and update data
in tables. Although they are relatively easy to create and use, they are normally built using
queries to make it easy to filter and/or update subsets of data of interest to the user.

6.5.1 Create a Form to Update Advertised_ltems

Asafirstexample, let us create a form to select and update information about an Advertised
Item. We will first need a mechanism to select a unique Advertised_Item row of interest.

o Create a table that will be used to hold the key for the Advertised_Item of interest.
I have named this table beginning with the word “Selected” to set it apart from a
typical application data tables (“Selected Advertised_Item”). This table will have one
column with the same storage format as Advertised_Item’s ItemNumber.

o Next, we will create a form that can look up ItemNumber values from Advertised_
Item and store the selected value in this table.

o After that value is stored, we will then open another form to display and edit the col-
umns in the selected Advertised_Item row.
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Let us begin by creating a form to set the value in the “Selected Advertised_Item” table.

o Click on the “Selected Advertised_Item” table name, then click the Create/Form icon.
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« Clicking “Form” creates a form with an empty ltemNumber data element.
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« Atthe top left, click on View and Design View to switch to a design view of this form.
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Now we will change the ItemNumber to a Combo box.

o Select the ItemNumber element, then delete it.
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 Next, choose the Combo box icon from the Design tab.
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« Click on the location where ItemNumber originally was located starts a wizard for
the drop-down function for the Combo box.

Combo Box Wizard

This wizard creates a combo box, which displays a list of values you
can choose from. How do you want your combo box to get its

i values?

j (@1 want the combo box to get the values from another table or
query.

(O 1 will type in the values that I want.

(O Find a record on my form based on the value I selected in my
combo box.
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o Click Next to see a list of data sources for the lookup. Choose the Advertised_Item
table.

Combo Box Wizard

— Which fields of Advertised_Item contain the values you want
- induded in your combo box? The fields you select become columns
in your combo box.

LowestPriceSupplier

« Next, move the column to be retrieved (ItemNumber) to the right pane by clicking

W »

>.

Combo Box Wizard

- Which fields of Advertised_Item contain the values you want
- included in your combo box? The fields you select become columns
in your combo box.

o o

o Click Next through the next series of results.
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Combo Box Wizard
What sort order do you want for the items in your list box?

You can sort records by up to four fields, in either ascending or descending order.

N —
3 | [ Ascending |

Cancel ] I < Back ‘I Next > II Finish

Combo Box Wizard

How wide would you like the columns in your combo box?

To adjust the width of a column, drag its right edge to the width you want, or double-dick the
right edge of the column heading to get the best fit.

[comcd | [ <pock [ mewt> | [ posh |

« Next, choose the option to store the results as temNumber.

Combo Box Wizard

Microsoft Access can store the selected value from your combo box
g W in your database, or remember the value so you can use it later to
j | perform a task. When you select a value in your combo box, what
= do you want Microsoft Access to do?
.

(O Remember the value for later use.
(@) Store that value in this field:

el | [ <mo o> ] [ o |
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« Clicking Next allows you to store the data retrieved with a name.

Combo Box Wizard

What label would you like for your combo box?

W [irtemNomber

Those are all the answers the wizard needs to create your combo
box.

e T

« Clicking Finish shows the completed form in design mode.
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» Rearrange and resize the placement of the element as desired. Leave enough space
above Form Footer to add a “Save” button later.
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o Save the form with the current design, then click the View/Form View option to see
how it works.
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v > 7# RemoveSort Y All- X v B Rv| A~ » ===
Views Clipboard = Sort & Filter Records Find Text Formatting -~

H =8| Selected Advertised_Item X

All Access Objects @ «| = =
search.. p Selected Advertised_Item M
Tables 2 [~y

EH Advertised_ltem \ }

B3 Credit_Card = ItemNumber { E

B3 Ccustomer

B8 New Customer

3 order =
B3 Ordered_item v)|[Record: 14 <[1of1 | » M »:| % No Filter | |Search K3l ] 0]
Form View Num Lock =) E 174
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« Click the pull-down to see a list of ItemNumber values from Advertised_Item.

s Orderltem : Database- C:\Users\Rex\Documents\Book\Orderltem.accdb (A... Rex Hogan

Create External Data Database Tools
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E® Zl Descending 1o~ 3 5 2~ B I U 2= ¢ »q B3
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= > 7# Remove Sort 'Y All~ X~ E [} v | A v »
Views Clipboard = Sort & Filter Records Find Text Formatting -~
H =8| Selected Advertised_It X
All Access Objects @ « R il
search.. p Selected Advertised_Item M
Tables 2 [«]y
B3 Advertised_ltem ‘ I
BA Credit_Card — ItemNumber v
BEH Customer Office1111
= Office1112
£ New Customer Office1113
B3 order Office2111 v
B3 Ordered_ltem v || Record: W 10of 1 » »n »|Office2112 4] 'y]
Form View Office2113 Num Lock B ¥

o Selectingavalue and closing the form will store that value in the “Selected Advertised _
Item” table.

 Next, create a query linking this table (once populated) to Advertised_Item and save
it with an appropriate name (in this case, “Update Advertised_Item” as that is the
intended use of the query and associated form).
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Queries 2

#¥ Add Credit Card

¥ Add New Customer

X' Delete New Customer Info

ﬂ Order Items
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Y _Querv2 | K 21
Ready Num Lock su | B2




138 m A Practical Guide to Database Design

 After saving the query, select it as a source in the left pane, then click on Create/Form
Wizard.

5 Orderltem : Database- C:\Users\Rex\Documents\Book\Orderltem.accdb (Acc... Rex Hogan ? = o
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All Access Objects © «
Search... yel
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Queries a |

#¥  Add Credit Card

%% Add New Customer

%?  Delete New Customer Info
@ Orderitems

ﬁ Query 1

5] Update Advertised item
3 Update Advertised_item Qu...
! Query2

Forms 2
B8 Create New Customer

B2 1dentify Order Number

—
Ready

Num Lock

« Clicking on Form opens a display of the data returned by the query.
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 Click View/Design View to edit the layout or size of the data elements displayed.
Expand the display over the Form Footer label to leave room for a button/command

to be added.
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H ©- Orderltem : Database- C:\Users\Rex\Docum... Rex Hogan
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Queries 2
#¥ Add Credit Card

) % *

€ Form Header

#?  Add New Customer

%! Delete New Customer Info
I Order items

= Quent

3 Update Advertised_ftem
/1 Query2

Forms A

8] Create New Customer

Identify Order Number

Select Advertised_Item

Update Advertised_ltem
€ Form Footer

Reports A
= ~

O
Design View Num Lock BE EH &2

« Save the form with the current design.

Note that this form allows for all Advertised_Item columns to be edited. However, the
ItemNumber column is the key field for this table and should not be changed. If the item
advertised changes significantly, a new Advertised_Item should be created and an older,
now obsolete item should be deleted.

To prevent alteration of the temNumber column:

« Put the form in Design mode, right-click ItemNumber, and click Properties. Scroll
down the “All” tab until the Locked entry is found.
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« Change No to Yes to prevent this column from being updated.

o The two forms needed to select an Advertised_Item and then to change the data found
have now been created. The only remaining tasks are to link these forms together by
adding buttons to each, invoking commands to close that form and open the other.

« Open the “Select Advertised_Item” form in Design mode.

Search.

0 Ordered_iten

I retos tem

I Selected Advertied_iten
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P Orderrems
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—_— J—
—_
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All Access Objects @ « | T setect Advertied_mem
D R R
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+ 2 Dote and Time
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‘ © [ _]lselected Advertised_ithm

7
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ttem Number J

ntemNumber 7

1 . . .

" 1| & Form Foster
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2 D =
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Took ~
x
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"] Selection type: Form s
Form v
Format Data Evert Other AN
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Defautt View Single Form
ABow Form View o
Abow Datasheet View No
Aow Layout View e
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Auto Resice Yes
Fit to Screen e
Border Styte Ssble
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MNyngation Buttoms Yes
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Dwiding Lines No
Scroll Bars Both
Control Box e
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Num Lock -E-B

o Next, select the “Button” box and click in the Design panel slightly above Form
Footer. Immediately cancel the wizard that opens and save the change giving the box

the name “Select.”

 Next, click on the newly created “Select” box, right-click on the surrounding orange
perimeter, and select “Build Event.”

Choose Builder

Macro Builder

Eﬁession Builder
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+ Enter commandsto first close this form (and thereby saving the temNumber selected),
then to open the “Update Advertised Item” form to view/edit that information.

DoCmd.Close acForm,

"Select Advertised Item", acSaveYes

DoCmd.OpenForm "Update Advertised Item"

ﬁc~

Ju— - m Blogo
—J b oo & Hel [ |- Title
View  Themes [&] Fonts - % fabl] Ag (= ' Yed ‘ . Insent c
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B3 supplier

Queries 2 ' i
#?  Add Credit Card & Form Footer

#!  Add New Customer )

X Delete New Customer Info :

=P Orderitems )

= Quent e

=P Update Advertised_item p
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Forms 2 s
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FH 1dentify Order Number
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Commandd v
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Caption Select

Picture Caption Arrangement No Picture Caption
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Width r
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Back Style Normal

Transparent No
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Back Color Accent 1, Lighter 40%
Border Style Sohd

Border Width Hairline

Border Color Accent 1, Lighter 40%
Hover Color Accent 1, Lighter 60%

Pressed Color
Hover Fore Color
Pressed Fore Color

Accent 1, Darker 25%
Text 1, Lighter 25%
Text 1, Lighter 25%

Font Name Calibri (Detaif)

Font Size 1"

Alignment Center

Fant Waeinht Nevemat hs
Num Lock B B &

« Now repeat this process with the “Update Advertised Item” form to add a button clos-
ing this form (after edits have been made) and to open the “Select Advertised_Item”

form to perform more edits.

6.5.2 Create a Form to Add a New Customer

Creating a Form to add a new Customer row is fairly simple but once again involves the use
of several Access objects to capture the data and add it to the Customer table. The following

steps create the objects needed for the Form.

o First, create a work table (“New Customer”) to hold/capture data elements for the new

Customer.

« Open the Customer table in Design mode and do a “File/Save As” to create a table

named “New Customer.”

» Next, create a query to add the row from “New Customer” into “Customer.”

o Use the Query wizard to create a new query, switch to SQL View, and enter the fol-

lowing command:

INSERT INTO Customer
SELECT *
FROM [New Customer] ;
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o Save this as an Append query as “Add New Customer.”

Orderltem : Database- C:\Users\Rex\Doc... Rex Hogan
Home Create External Data Database Tools \
— #!Update QD Union 2
B | e al B2
7 2 [ Crosstab & Pass-Through
View Run Select Make Ap L 5 Query Show/
= Table *x Delete ,bé, Data Definition  Setup - Hide ~
Results Query Type ~
: Add New Customer X
All Access Objects @ « 1=
|INSERT INTO Customer ~
Search... AP | |seLect *
Tables A [ FROM [New Customer];
E Advertised_Item
=z Credit_Card
B3 Customer
B3 New Customer
B3 order
=] Ordered_ltem v v
Ready Num Lock QL 74

After adding a Customer, we will also need to add a row to the Credit_Card table to record
the credit card number included in the Customer table.

o Use the Query wizard to create a query, switch to SQL View mode, and enter the fol-
lowing command.

INSERT INTO Credit Card ( CustomerCreditCardNumber,
CustomerIdentifier )

SELECT [New Customer] .CustPreferredCreditCard, [New Customer] .
CustomerIdentifier

FROM [New Customer] ;

o Save this query as “Add Credit Card.”

We will also need a query to delete the contents of “New Customer” after the updates
are run.

 Use the Query wizard again to create another query, switch to SQL View, and enter
the following command:

DELETE *
FROM [New Customer] ;
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o Save this query as “Delete New Customer Info” and save it as a Delete query.

5 Orderltem : Database- C:\Users\Rex\Doc... Rex Hogan
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Next, create a Form based on “New Customer.”

o Select the “New Customer” table and click on Create/Form to open a form with the
New Customer data elements.

5 Orderltem : Database- C:\Users\Rex\Documents\Bo... Rex Hogan
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« Put the form in Design mode and adjust the length of the data elements. In addition,
increase the space above the Form Footer to allow space for a button.

[= R s Orderltem: Database- C: \Documents\Book\O...  RexHogan
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« Click on Design/Button, then click in the blank space above Form Footer where you
want to add the button to open the Create Button Wizard.

Command Button Wizard

What action do you want to happen when the button is
pressed?

n Different actions are available for each category.

Categories: Actions:

Find Record

Go To First Record

Go To Last Record

Go To Next Record

Go To Previous Record
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o Select “Cancel” to stop the wizard, creating a black button on the form.
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« Next, put the cursor on the yellow box around the button, right-click, and select

“Build Event.”

Choose Builder ? X

[Macro Builder

%&sﬁmm ‘

[oc ][ cane |

+ Pick “Code Builder” and click OK. When the window opens, add commands to

o Close the form (saving data that was entered).

o Turn automatic warning off (pending update queries about to the run).

» Execute the query to insert the new Customer using the “New Customer” table.

o Execute the query to add the customer’s credit card.

« Execute the query to delete information in the “New Customer” table.

o Turn warnings back on.
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o Re-open the “Create New Customer” form to add more Customers.

DoCmd.Close acForm, "Create New Customer", acSaveYes
DoCmd.SetWarnings False

CurrentDb.Execute "Add New Customer", dbFailOnError
CurrentDb.Execute "Add Credit Card", dbFailOnError
DoCmd.OpenQuery "Delete New Customer Info", acViewNormal,
acEdit

DoCmd.SetWarnings True

DoCmd.OpenForm "Create New Customer"

« Save the form with an appropriate name; it is now ready for use.

6.5.3 Generating a Master Screen for Users

Forms and queries generate powerful and useful tools for users in reviewing, analyzing,
and processing data. However, as more user tools are developed, the number of tools and
their relationship can easily become lost or muddled from the user perspective.

To group and find like items, a Master display is often created and used to identify and
classify the tools available. If appropriate, additional Forms can be used to group func-
tional buttons at a lower level of detail, and those Forms shown on the Master “dashboard”
to create a hierarchical ordering of subject areas and the tools available for each.

6.6 GENERATING REPORTS

Forms work well when dealing with a single row of data retrieved from a table or query but
have limitations in dealing with display multiple rows of data. The Query browser, of course,
displays multiple rows of data but has limited options for customizing the output display.
Reports bridge these elements to produce a customized display showing multiple rows of data.

6.6.1 Using Reports to View a Customer Order

Building a Report to display data requires, as with Forms, a few minutes of thought and
analysis to determine the various items necessary in generating the report.
In order to display all items associated with a Customer order, we need to

o Identify the Order number involved. Preferably, this can be selected by a drop-down
list rather than entering the Order number manually.

o Use a Query to find the Customer information and all items on the order.
« Generate a customized Report using that query to display the columns of informa-
tion desired.

Let us start by creating a table to hold the value of the order number of interest.

« Open the Order number in design mode and note the format for the OrderNumber
column; in this case, it is a text column 50 bytes long.
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e You can do a “Save As” to create a “Selected Order” table and then remove all col-
umns but OrderNumber, or close the Order table and use the Create Table wizard
to create a new “Selected Order” table having one column, OrderNumber, with a

data format of 50 text bytes.

Next, create a query to display the information needed.

The query will include “Selected Order” (to link to Order), Order, Customer (to get
the Customer name), Ordered_Item (to get the quantity ordered), and Advertised_
Item (to get the item name). Study the following diagram and note the columns from
each table that are selected to be displayed.
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o Save the query with an appropriate name; here, the name “Order Items” was used.

We need a way to specify the OrderNumber of interest; we will do that with a Form.

Select the “Selected Order” table name, then click on Create/Form to open the Form

wizard.

Save the Form wizard and reopen it in Design mode.

Select and delete the OrderNumber row.

Go to the Design tab and select the Combo box icon, then click in the form where

OrderNumber appeared.
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o Use the wizard to select the Order table, then OrderNumber to retrieve those values,
storing them in this location in the Form.

o Next, add a Button with the name “Select” at the bottom of the form. Cancel the
Button wizard when it opens; we will update the button later with actions to be taken
after the OrderNumber is selected.

« Save the Form with an appropriate name (e.g., “Identify Order Number”).

Finally, let us create a Report to display the relevant information.

o Select the Order Items query, then click on the Create/Report to open the Report
wizard. Note that the display opens showing all columns in one line.
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We need to modify this output to add a drop-down box to save a value in “Selected
Order” and rearrange the column display into something more readable.

« Save the Report, then reopen it in Design Mode.
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o Note that the report has column names in the Header section, with all column values
in the Detail portion.

We want to rearrange the format to display order-specific information (the Order
number and Customer information) in the Header, leaving in the Detail portion
those data elements with more than one row (ItemDescripton and QuantityOrdered).

« With the Report in Design mode, carefully move the cursor over the portion for the
Page Header until the “+”-like symbol appears. Click the mouse and drag the symbol
down to enlarge the Header portion.
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Home  Create  ExternalData  Database Tools Arrange  Format  PageSetup QT

j I Colors - ‘_7 3 Totals % 1 Me m L = @ EE]:‘:?O & %g;
(I Insert e 5

o) Page Add Existing Property Tab

View | Themes [A]Fonts~  GrOUP fF Hide Details < - .
. - ason ' Image~  Numbers CODateand Time  Fields  Sheet Order “0

Views Themes Grouping & Totals Controls Header / Footer Tools S
& []18 order ttems Order Items Or... x
All Access Objects © «||®@ AL
N I D D D DD I O
Search.. L H
Tabtes v [ # Report Header
Queries 2

#¢  Add Credit Card

|
|
%% Add New Customer |
|
%} Delete New Customer Info |
|
|
|

3 Order items

B queyt

2 Update Advertised_item iy

/1 Queny2 : "/ | Detail

Forms 2 1 - ||| OrderNumber E Customerldentifier CustomerLastName |{ customerFirstName

B8 Create New Customer

EB Identify Order Number

|

BBl select Advertised_item |

E8 update Advertised_item 1 - | counttn

Reports 2 5 v
[9 order items ~|[«T ] ]
Design View Num Lock ] ®m H [

o In the Detail portion, pick an item to be moved to the Header. Click on it, copy that
item, then move the mouse and click in the Header, and do a paste to add the item to
that section. Finally, delete the item from the Detail section.

The following display shows OrderNumber after being moved.

Orderitem : Database- C: Rex\Documents\Book\Orderltem...  Rex Hogan

Home  Create  BxemnalData  Database Tools Arrange  Format  Page Setup

j I Colors - ‘; > Totals

View  Themes [R]eonts~  GroUP i Hide Details
v e Al &Sort

CIY [ subreport in New Window

& Logo ) 1,
k Aa [=] D @é) i ",:{ EE - D @ ETille B = = 11 View Code

 Inset  Page Add Existing Property Tab

Image~  Numbers 0 Date and Time Filds  Sheet Order “i Convert Macros to Visual Basic
Views Themes Grouping & Totals Controls Header / Footer Tools ~
» ; I8 orderitems\ x
R e B B SRR BT [ 4 I (R g B e o[4]

Navigation Pane

| Customeridentifier | customerLastName | CustomerFirstName || temescription il Quantityorc

- || [=Counti®)

LT v
Design View nmlok  §] @ OB (B
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» Repeat the copy/paste operation on the Customer elements to move then all to the
Header. Resize each as appropriate.

In addition, delete the ItemDescription and QuantityOrdered labels from the Header.

o Finally, select the Detail section and enlarge it slightly. Then move the ItemDescription
and QuantityOrdered elements to the left and resize them accordingly.

Note that the Header now includes information about the order as a whole, and the
Detail section contains information about the individual items on the order. “View”
the report to check the display of the items it contains, and Save and close the report
when you are finished.

Orderltem : Database- C:\Users\Rex\Docu... RexHogan 2
Home  Create  ExternalData  Database Tools Arrange  Format  PageSetup  Q Tell mewhat you want to do

o E [£= Group & Sort [ BEiogo 0 =5

; ?.I Colors ~ ™ (XVZ; =8 o=

_ > Totals 3 Aa =] [T &) M= - 0 Title - =l = @

View | Themes [A]Fonts~ == . 2 (5> <| Insert Page . Add Existing Property Tab

= = 3 Hide Details image - Numbers CODateand Time | Fields  Sheet Order “5

Views Themes Grouping & Totals Controls Header / Footer Tools ~
» Order Items 3

G D T T T R T R S T T O A R A O X TR T =

¥ Report Header

# Page Header

ustomeridentifier

# Detail

T
uantityOrdered
T :

Navigation Pane

) l ItemDescription

¥ Page

& Report Footer

=Count(*)

< ] []
Design View Num Lock fl ™ EH &

We now have to make one final modification to tie all of this together.
» Go back to the Form just created (“Identify Order Number”) and put it in “Design
View” mode.

« Select the “Save” button added at the bottom, right-click on the orange box, and select
“Build Event.”
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Orderltem : Database- C:\Users\Rex\Docu... Rex Hogan
Home Create External Data Database Tools Arrange Format Q Te

ﬁE‘Logo ™ :EDI?:
Y 40 =8 &0 P:.es?‘

[ Title e
Add Existing Property Tab
Views Themes Controls Header / Footer Tools

Image- CEODateandTime  Fields  Sheet Order “B
All Access Objects @ « || = 1aentiy order Number

Search.. p

R R N O o O o R o

T % |>

& Form Header
B3 Selected Advertised_item

B3 selected Order

B3 supplier

Queries ES
#¢ Add Credit Card

¥ Add New Customer

®?  Delete New Customer Info
B Order items

@ Query 1

3 Update Advertised_item
Y Query2

Forms 2|
B8 Create New Customer |
E Identify Order Number |

# Form Footer

B8l select Advertised_item
BB update Advertised_ttem :
Reports 2 Y

@ orderitems Balign) D
Design View Num Lock == “

o Choose “Code Builder” to open a window to enter commands.

Choose Builder ? X

[Macro Builder

%a&oﬂ&ider

Coc ][ o |

o When this Form is initially opened, we will use the drop-down menu from the
Combo box to select an OrderNumber. After that number is selected, we just need
to close this form (and thereby update the Query results) and open the Report to see
the results.

To perform these functions, enter the following commands in the code section of the
above-mentioned window:

DoCmd.Close acForm, "Identify Order Number", acSaveYes
DoCmd.OpenReport "Order Items", acViewPreview

« Save these changes and close the Form.
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The following screens give an example of how the Query/Form/Report elements work
together.

s Orderltem: Da...Rex Hogan

Home Create External Data Database Tools
E % Y AR AN TR A
Em zZl - )
View Paste , | Filter = Records Find Text
- v 2Y - ~  Formatting ~
Views Clipboard Sort & Filter -~
» i E Identify Order Number X
‘ "] Selected Order
Ik
[+ Il .
: OrderNumber  [GIFPERE ,,E|
£ -
©
2|
z
z | ' Select ‘
‘ SR
\
|| Record: 4 < [10f1 > M b | T NoFilter ||Search LT [
Form View Num Lock =) El 74

5 Orderltem : Database- C:\Users\Rex\Docume: Orderltem.acc
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— m
& 0O 0 s [ QB 5 @HEE B
Print | Size Margi pm§§(:olumns Z Kl Refresh Excel Text & Close Print
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E . Y [BPagesetwp | . BB~ py File 107 Preview
Print Page Size Page Layout Zoom Data Close Preview A
» @ orderitems
i Order Items Thusdsy, k20,2017
sars1am
[oamses ] [maiz o =
[Soxof 0 ot Rcwacebe satomtrens sk ] 3
[Boxof 2 9K soft G Rexacmble sabpoe o, 2k ] i
]
o
2
&
<
2
s
2
>
H
z
e
|| Page: 1« <T1 > M > | % NoFilter |
Ready Num Lock 1R H ¥ -—1— + 56%

Alternatively, after the “Selected Order Number” table has been updated, the Report can
be opened manually.
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Orderltem : Database- C:\Users\Rex\Documents\Book\Orderltem.accdb (Access 2007 - 2016 file format) - Access Rex Hogan

Create External Data Database Tools Q Tellme you want to do

E S X Cut Y 2| Ascending Y Selection @ = New > Totals p 20 Replace ==

5 ER Copy i Descending =] Advanced ~ H Save 'V Spelling  3GoTor (B I U =&

View Paste Filter res| Rl Find i S

5 ' Format Painter %o Remove Sort 'Y ToggleFilter | ay. X Delete ~ [ More [} Select~ | A - ¥ »
Views Clipboard ] Sort & Filter Records Find Text Formatting ~
. =8| Identify Order Number Order Items w3

All Access Objects @ « |l dentiy order Number Y I8
Search.. re) =
B selected Order = =) Order Items Thursday, July 20, 2017

& supplier : 9:42:15 AM

Queries 2 OrderNumber Customeridentifier CustomerLastName CustomerFirstName

#?  Add Credit Card

#?  Add New Customer 1

Ord12345 | [custinn2 smith David

%! Delete New Customer Info o it :

B Order items

P Quey1

ﬂ Update Advertised_item | Box of 10 Pilot Retractable Ballpoint Pens, Black ‘ ‘ 1

/1 Query2

Forms A | Box of 12 BIC Soft Grip Retractable Ballpoint Pens, Black ] 1

B8 Create New Customer

2] Identify Order Number =

- Box of 10 Paper Mate Retractable Ballpoint Pens, Blue ] \ 1

& Sselect Advertised_item - L

& update Advertised_item

Reports 2 3

[d Order ttems ST ] D
Report View Num Lock fl @ E ¥

Hopefully, you now see how Microsoft Access can be used to create a reasonably sophisti-
cated GUI for users. It just takes a bit of thought and analysis to identify and design all of
the individual components and queries required.

o Access does not support complex queries, but often several small, simple queries can
be created that together produce the desired result.

« When building multiple tools to achieve a result, naming conventions can help iden-
tify associated items in Queries, Forms, and Reports and make the overall system
more understandable and easier to maintain.

6.7 DEPLOYING ACCESS FOR A TEAM OF USERS

As shown earlier, a Microsoft Access Database uses Table objects to define database tables,
and other object types to support Queries, Forms, and Reports to sort or analyze data in
those tables.

To deploy that Database to a team of users, it needs to be divided into two different data
bases.

o The first database would host (contain) only the Table objects (the core data tables
shared by the user community).

 The second database would serve as a team GUI and contain all of the objects and
code used to access or analyze the data.

« The Tables section of the GUI database would initially be empty when initially cre-
ated. The External Data/New Data Source icons would be selected.
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s Orderltem : Database- C:\Users\Rex\Documents\Book\Orderltem.accdb (Acc... Rex Hogan

Home Create External Data
ﬁ 3 Saved Imports == _ mz = == === 3 FQAccess
N ¥Z] Linked Table Manager 9 b 9= 9 g 50 Word Merge
New Data Saved Excel Text XML PDF Email __
Source ~ Exports File  File orXPS 51 More
Import & Link Export -~
All Access Objects @ «
Search.. yel
Tables M
Queries ¥
Forms ¥ |
Reports ¥
Ready Num Lock

o A connection wizard will open; select “From Database” and Access.

Get External Data - Access Database ? X
Select the source and destination of the data ( Py
Specify the source of the definition of the objects.
Eile name: | c:\Users\Rex\Documents\ | Browse...

Specify how and where you want to store the data in the current database.

O Import tables, queries, forms, reports, macros, and modules into the current database.
If the specified object does not exist, Access will create it. If the specified object already exists, Access will append a
number to the name of the imported object. Changes made to source objects (including data in tables) will not be
reflected in the current database.

®

0 the source data. Changes made to the data in Access will be reflected
in the source and vice versa. NOTE: If the source database requires a , the will be stored
with the linked table.

oK Cancel

o Select the “Link” option as shown and click OK. Next, browse the network shared
by users to find and select the data portion of the database. Select all tables in that

database.

 Linked tables will now appear in the Tables section of the GUI database.

o That GUI database can now be given to each user who needs access to the database.
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6.7.1 Linking to an SQL Server or Oracle Database

Important note: The above-mentioned instructions can also be used to link to tables residing in
SQL Server or Oracle. When starting the connection wizard, use the New Data Source/From
Other Sources/ODBC (Microsoft’s “Open Database Connectivity” interface) database option.

+ The wizard needs a DSN name to identify the type of ODBC driver needed to access
the data.

« If one has not already been created, clicking “New” presents a pull-down list of
DBMSs that are supported. “ODBC for Oracle” and “SQL Server” are both on the list.

« Select the appropriate ODBC driver and navigate on the user network to the location
where the database is installed. You will be asked to log on to that database.

« When finished, the tables selected will appear as linked objects in the Table section
of the GUI database.

As a result, the GUI database now provides all of the Windows-based functions for users
with the data component running in SQL Server or Oracle.

6.8 THE ROLE OF PASS-THROUGH QUERIES

Microsoft Access supports a reasonable degree of queries to view or modify data. Complex
queries can often be created by combining the results of multiple simple queries to achieve

a more complex query requirement.

If the source data resides in SQL Server or Oracle, the Query wizard can be used in “SQL
View” mode to enter, for example, a complex SQL Server query to run against the linked
table. In the Design tab, “Pass-Through” would then be selected as the query is saved.
When executed, this classification instructs Access to not attempt to execute the logic but
to simply pass the query logic directly to the host RDBMS for execution on that server.

This allows the GUI to be designed and developed using much more complex queries
than those supported by Microsoft Access.

In summary, Microsoft Access provides a platform to rapidly develop and deploy data
and user interfaces to view and/or update the data and has these advantages:

« Microsoft Access is deployed as part of the desktop environment for all users in
Department of Defense and in the Intelligence community. It therefore is a common,
free software environment for use by analytical teams.

 Thelinked table and Pass-Through options for queries support an environment where
complex queries can be run against industrial strength database platforms such as
SQL Server and Oracle.
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Users often have difficulty describing what functionality is needed in a new system.
A design team can rapidly design and develop both tables and user interface mecha-
nisms in a prototype that users can see and react to, in order to determine core user
requirements.

It is amazing how much can be done with such a simple tool.

QUESTIONS

1.

ul

o g O

10.
11.
12.
13.

14.

15.

What software product(s) are required to install and use Microsoft Access? Is a
Microsoft Access database a logical or physical database?

. Where is a Microsoft Access database stored?

. How do you assign the DataType for a column in a table?

. When creating a table, how are key column(s) identified?

. When defining a column in a table, how can an index be created on that column?
. When defining an index on a column, does that index have to be unique?

. Can a table be created that does not have a unique key?

. When creating a table whose key column is an ever-increasing numeric value, what

DataType should be used for that column?

. What steps are taken to import data into a table?

What steps must be taken to create a Query for three linked tables in the database?
Can columns in a table be updated using a Query?

What steps are followed to create an Update query?

How can you use Microsoft Access to view data in a table in an SQL Server database?

How can you run a query against a table in an SQL Server database using SQL Server-
specific SQL?

How can a table be manually browsed or filtered?



CHAPTER 7

Using SQL Server

7.1 OVERVIEW

SQL Server is a relational database management system (RDBMS) developed by Microsoft
and runs on Windows platforms ranging from a laptop to a dedicated database server.
It comes with a graphical user interface (GUI—the SQL Server Management Studio) that
makes it easy to create and manage individual databases running on that platform. Although
primarily aimed at small-to-mid-range applications, it is suitable for large, complex Internet
applications with multiple concurrent users.

7.1.1 Advantages
« SQL Server is relatively inexpensive and is easy to install. Trial versions are available
to download and install, as well as a free entry-level “Express” version.

« The SQL Server Management Studio provides a central tool to define tables, indexes,
views, and referential integrity constraints within a database.

« SQL Server handles complex queries and supports functions and stored procedures.

o SQL Server does not require the care and feeding from database administrators
(DBAs) typically required with Oracle.

« SQL Server supports full-text search against character-based columns, allowing the
user to search for a word embedded in a column.

« SQL Server also supports the ability to replicate a database on a remote host and sup-
ports failover to that host should the primary host fails.

7.1.2 Change Management for SQL Server

I have used SQL Server for years in doing rapid prototyping of database applications. The
fact that SQL Server is so easy to use is both good and bad news. The development team
must pay additional attention in documenting and migrating design changes as they are

157
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developed and deployed to minimize downtime for the upgrade and to avoid surprises in
the upgrade process.

« Changes often include table modifications as well as to code (stored procedures, func-
tions, views, or to the web interface).

« Individual changes using the Management Studio must be carefully documented to
capture the sequence and details involved with each change.

o To properly develop and test design changes, you need additional computer platforms
to host development and test versions of the database.

The development platform is used to test individual changes as they take place.
Later, all planned changes are combined together in a change package to upgrade
the application from one level of functionality to the next.

The test platform is where the change package is applied and tested. If the change
package is applied successfully, it is ready for use in upgrading the production
platform with minimal downtime for production users. If errors are found on the
test platform, the change package must be corrected and retested.

After successfully testing a change package, that package is ready for use in updat-
ing the production platform.

In the current chapter, we will review key factors in the creation and use of an SQL Server
database.

7.2 DATABASE CREATION/INSTALLATION

7.2.1 Installation Planning

o Preinstallation considerations: Before installing SQL Server, decisions need to be
made on what features are needed. In addition, early planning must be done on how
to map the different type of files across the disk drives that are available.

Will redundant array of inexpensive disk (RAID) drives be used? If not, how
many drives are available and how will they be used? (This is covered in more
detail in the following.)

Does the Full-Text Search feature need to be installed?

Is Database Failover needed? If so, the SQL Server Replication feature must be
installed.

Logons to SQL Server can be done using Windows accounts or accounts internal
to SQL Server (“Mixed Mode”). Which are to be used to control access to the
database?
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I recommend using SQL Server accounts to control all database access. This gives
DBAs total control of accounts and how they are used.

Installing SQL Server on a laptop: As mentioned earlier, SQL Server can be installed
on a laptop or desktop. Although these platforms have limitations in terms of perfor-
mance and protection against hardware failures, they provide a database platform at
minimal hardware expense.

After installation, periodic database backups must be taken. If possible, they should
be stored on a different drive from the database itself to protect against device failure.

o If only one drive is available, consider using a zip drive to store a backup of
the database.

o Iftwo drives are available, install the database and all its files on one drive and the
log files and periodic backups on the second.

Installing SQL Server on a server: If the server is configured with multiple drives, we
want to separate as much as possible the RDBMS system software, data files, indexes,
database log files, and files created from database backups.

Fortunately, systems today are more commonly built using RAID technology.

« RAID 5 configurations using a combination of striping (for performance) and
parity checking (for recoverability), and protect against single-device failure. As
data are striped, performance is not as much of an issue, and device separation
for files is not important; the system will continue to run after failure of one drive.

« RAID 10 configurations combine disk mirroring and disk striping and support a
higher level of performance while providing against single device failures. They
require twice as many drives as a non-RAID installation but avoid the overhead
required for the RAID 5 parity when updates are made.

When using RAID arrays, all files for the RDBMS and its databases can be placed on
the same RAID array.

Prerequisites: As you might guess, SQL Server has specific hardware and software
prerequisites for each version. These can be found by using the Internet to request a
download, then reading the “System Requirements” section from the download page.

The next section describes the steps necessary to install a trial version of the SQL
Server 2008 R2 “Enterprise Edition” on a laptop. After downloading and extracting
the software, the installer displays a number of options in the left pane; the plan-
ning options are shown on the next page. Hardware and Software Requirements will
use the Internet as a resource to download and display this information. Clicking
on “System Configuration Checker” will check the computer being used to see if all
requirements have been met. If the computer is connected to the Internet and some
software is needed, in most cases, that software will automatically be downloaded
and installed.
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Planning ‘ Hard: and Softy Requi
Installation View the hardy and softy quil
Maintenance 35' Security Documentation

Tools View the security documentation.

Resources Online Release Notes

Advanced View the latest information about the release.
Options ,_Pi System Configuration Checker
Lf Launch a tool to check for conditions that prevent a successful SQL Server installation.

(j“v Install Upgrade Advisor
Upgrade Advisor analyzes any SQL Server 2005 or SQL Server 2000 components that are
installed and identifies issues to fix either before or after you upgrade to SQL Server 2008.

Online Installation Help
Launch the online installation documentation.
How to Get Started with SQL Server 2008 Failover Clustering
Read instructions on how to get started with SQL Server 2008 failover clustering.

Upgrade Documentation
View the document about how to upgrade to SQL Server 2008 from SQL Server 2000 or
SQL Server 2005.

P ﬁServerzoos

7.2.2 Software Installation

Continuing with the installation of SQL Server 2008 R2, the Installation tab displays the
following options.

% SQL Server Installation Center - a X
Planning -’% New SQL Server stand-alone installation or add features to an existing installation
Installation Launch a wizard to install SQL Server 2008 in a non-clustered environment or to add

features to an existing SQL Server 2008 instance.
Maintenance
Tooke % New SQL Server failover cluster installation

Launch a wizard to install a single-node SQL Server 2008 failover cluster.
Resources
Advanced \?‘T Add node to a SQL Server failover cluster

3 Launch a wizard to add a node to an existing SQL Server 2008 failover cluster.

Options

@ Upgrade from SQL Server 2000 or SQL Server 2005

Launch a wizard to upgrade SQL Server 2000 or SQL Server 2005 to SQL Server 2008.
Before you upgrade, you should run the Upgrade Advisor to detect potential problems.

Search for product updates

Search Microsoft Update for SQL Server 2008 product updates.

P S'.af.Serverzoos
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Clicking on the firstlink to install a “New SQL Server stand-alone installation...” starts the
installation wizard, showing features available.

The following options were chosen to install a relatively simple database without the
Full-Text Search or Replication features.

% sQL Server 2008 Setup - a X
Feature Selection
Select the Enterprise Evaluation features to install. For cl d installati only Datal Engine Services and Analysis
Services can be clustered.
Setup Support Rules Eeatures: Description:
Rroductkey Instance Features A | | Server features are instance-aware and have
License Terms [ Database Engine Services their own registry hives. They support
Feature Selection [J sQL Server Replication multiple instances on a computer.
Instance Configuration g Ful!-Text ‘Search
. i [J Analysis Services
Disk Space Requirements [ Reporting Services
Server Configuration Shared Features
Database Engine Configuration [J Business Intelligence Development Studio
Error and Usage Reporting [ Client Tools Connectivity

[J Integration Services

Installati |
pstakation foles [ Client Tools Backwards Compatibility

Ready to Install [ Client Tools SDK
Installation Progress [4 sQL Server Books Online
Complete [4] Management Tools - Basic

Management Tools - Complete
1 SQL Client Connectivity SDK
[ Microsoft Sync Framework

SelectAll || UnselectAll |

Shared feature directory: c:\Program Files\Microsoft SQL Server\

Selecting Next gives the user the option of changing the name of the SQL Server Instance
being installed; I have chosen the default option of MSSQLSERVER.

Note that for security reasons, the user may choose to change the default name to
make it more difficult for a hacker/intruder to identify any database instance running
on the host.
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T SQL Server 2008 Setup - o
Instance Configuration
Specify the name and instance ID for the SQL Server instance.
Setup Support Rules @® Default instance
el Sy O Namedinstance:  MSSQLSERVER
License Terms
Feature Selection
Instance Configuration Instance ID: IMSSQLSERVER l
Disk Space Requirements
Serves Configuration Instance root directory: IC:\Program Files\Microsoft SQL Server\ | EI
Database Engine Confi
EnorandlsageRepoiiing SQL Serverdirectory:  C:\Program Files\Microsoft SQL Server\MSSQL10.MSSQLSERVER
Installation Rules
Ready to Install Installed instances:
Installation Progress Instance Features Edition Version Instance ID
Complete
l < Back H Next > H Cancel H Help

Clicking Next gives a summary of disk space found on that computer.

 SQL Server 2008 Setup

Disk Space Requirements

Review the disk space summary for the SQL Server features you selected.

Setup Support Rules
Product Key

License Terms

Feature Selection

Instance Configuration
Disk Space Requirements
Server Configuration
Database Engine Configuration
Error and Usage Reporting
Installation Rules

Ready to Install

Installation Progress
Complete

Disk Usage Summary:

=} @ Drive C: 1676 MB required, 844455 MB available
System Drive (C:\): 836 MB required
Shared Install Directory (c:\Program Files\Microsoft SQL Server\): 637 MB required
Instance Directory (C:\Program Files\Microsoft SQL Server\): 203 MB required

<Back “ Next > || Cancel H Help




Using SQL Server m 163

Clicking Next runs a check searching for installation issues.

& SQL Server 2008 Setup - o x

Setup Support Rules

Setup Support Rules identify problems that might occur when you install SQL Server Setup support files. Failures must be
corrected before Setup can continue.

Setup Support Rules Operation completed. Passed: 6. Failed 0. Warning 0. Skipped 0.

Show detals >

View detailed report

([ ]

Click OK to display a screen to enter a product key, if available. Click Next to install a trial
version.

% SQL Server 2008 Setup - [m] X

Product Key

Specify the edition of SQL Server 2008 to install.

Product Key Specify a free edition of SQL Server or provide a SQL Server product key to validate this instance of
SQL Server 2008. Enter the 25-character key from the Microsoft certificate of authenticity or product
packaging. If you specify Enterprise Evaluation, the instance will be activated with a 180-day

License Terms

Setup Support Files expiration. To upgrade from one edition to another edition, run the Edition Upgrade Wizard.
@ Specify a free edition:
l Enterprise Evaluation M
O Enter the product key:
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Click Next to display a screen of software license terms.

T SQL Server 2008 Setup - [m] X

License Terms
To install SQL Server 2008, you must accept the Microsoft Software License Terms.

Product Key

T MICROSOFT EVALUATION SOFTWARE LICENSE TERMS
srsureet D MICROSOFT SQL SERVER 2008 EVALUATION EDITION

These license terms are an agreement between Microsoft Corporation (or based on where
you live, one of its affiliates) and you. Please read them. They apply to the evaluation
software named above, which includes the media on which you received it, if any. The terms
also apply to any Microsoft

* updates,

o supplements,

« Internet-based services, and

*  support services

for this software, unless other terms accompany those items. If so, those terms apply.

RV HISTNG TUE QAETWARE VNI ACCEDT THEQE TERMS  TE VNI NN NNT ACCEDT TUEM

D 3
Copy  Print
[ 1 accept the license terms.
<Back Net> || Cancel
Accept the terms and click Next to advance to the next screen.
T SQL Server 2008 Setup - [m}

Setup Support Files
Click Install to install Setup Support files. To install or update SQL Server 2008, these files are required.

Product Key The following components are required for SQL Server Setup:
pacencelienne Feature Name Status ‘
Setup Support Fles Setup Support Files l

<Back sl || Cancel
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Click Install to begin the installation process. The next screen displays the results of a
system check before installing the software.

T SQL Server 2008 Setup - a X
Setup Support Rules
Setup Support Rules identify problems that might occur when you install SQL Server Setup support files. Failures must be
corrected before Setup can continue.
Setup Support Rules Operation completed. Passed: 10. Failed 0. Warning 1. Skipped 0.
it ey
Disk Space Requil
Error and Usage Reporting Hide details << Re-run
Installation Rules Vi il
Ready to Install
Installation Progress Rule Status A
Complete @ Fusion Active Template Library (ATL) Passed
@ Unsupported SQL Server products Passed
(@ | Performance counter registry hive consistency Passed
(@ | Previous releases of SQL Server 2008 Business Intelligence Devel.. | Passed
(@  Previous CTP installation Passed
@ Consistency validation for SQL Server registry keys Passed
@ Computer domain controller Passed
(@  Microsoft .NET Application Security Passed
(@ |Edition WOWB4 platform Passed
(@ | Windows PowerShell Passed
A\ | Windows Firewall Warning v
<gsck [ met> || concel || Hep |

Click Next to see a display asking for the names of accounts used to manage SQL Server.
Click the button to “Use the same account for all SQL Server services.”
I have chosen the option shown in the following.

Use the same account for all SQL Server 2008 services

Specify a user name and password for all SQL Server service accounts.

Account Name: |RAEALS(OLIINA VI Browse...

Password:

OK | ‘ Cancel ‘
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Clicking OK displays my choices for accounts.

T SQL Server 2008 Setup - [m]

Server Configuration

Specify the configuration.

Setup Support Rules Service Accounts  Collation
Product Key

= Microsoft recommends that you use a separate account for each SQL Server service.
License Terms

Feature Selection Service Account Name Password Startup Type
Instance Configuration NT AUTHORITV\SYSTEM | [Manuat V|
Disk Space Requirements SQL Server Database Engine NT AUTHORITY\SYSTEM | | ic v

Server Configuration
Database Engine Configuration

: | Use the same account for all SQL Server services I
Error and Usage Reporting

Installation Rules

Ready to Install These services will be configured automatically where possible to use a low privilege account.
Installation Progress On some older Windows versions the user will need to specify a low privilege account. For
more information, click Help.

Service Account Name Password Startup Type ]
NT AUTHORITY\LOCA... | Disabled ||

Complete

[ <Back H Next> || Cancel H Help ]

Clicking Next now displays options for accounts to be used. I reccommend “Mixed Mode,”
preferring to control all data access using SQL Server account names for users.

Note also a section to enter the password for the SQL Server default Administrator
account “sa.”

T SQL Server 2008 Setup - [m]

Database Engine Configuration

Specify Database Engine authentication security mode, administrators and data directories.

Setup Support Rules Account Provisioning ' Data Directories FILESTREAM
Product Key . o . .
licenseilenms Specify the mode and for the Database Engine.
Feature Selection ication Mode
Instance Configuration (O Windows authentication mode
Disk Space Requirements ~ S N
R (@® Mixed Mode (SQL Server auth and Windows auth
Server Configuration
Database Engine Configuration Built-in SQL Server system ini account
Error and Usage Reporting Enter password: [...”".... |

Installation Rules

Confirm password: lu- seccee |

Ready to Install

Installation Progress Specify SQL Server

Complete SQL Server
administrators have
unrestricted access to
the Database Engine.

Add Current User | | Add... | [ Remove |

[ <Back H Next> || Cancel H Help
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In addition, I want to register my Windows account as an Administrator; click Add Current

User to make that change.

T SQL Server 2008 Setup - o
Database Engine Configuration
Specify Database Engine authentication security mode, administrators and data directories.

Setup Support Rules Account Provisioning  Data Directories FILESTREAM

Product Key ‘ -

LicenseTerrs Specify the mode and for the Database Engine.

Feature Selection Auth Mode

RerarceConiguiation O Windows authentication mode

Disk Space Requirements

(@ Mixed Mode (SQL Server auth and Windows auth

Server Configuration

Database Engine Configuration Built-in SQL Server system account

Error and Usage Reporting Enter password: [.. l

Installation Rules

Ready to Install Confimpseanors ‘"“""". |

Installation Progress Specify SQL Server

Comple:s SQL Server
administrators have
unrestricted access to
the Database Engine.

Gncel || Hep
Click Next to display options for error reporting.
- o

T SQL Server 2008 Setup

Error and Usage Reporting

Help Microsoft improve SQL Server features and services.

Installation Progress
Complete

Setup Support Rules Specify the information that you would like to automatically send to Microsoft to improve future
Product Key releases of SQL Server. These settings are optional. Microsoft treats this information as confidential.

. Microsoft may provide updates though Microsoft Update to modify feature usage data. These
License Terms updates might be downloaded and installed on your machine automatically, depending on your
Feature Selection Automatic Update settings.
Instance Configuration
Disk Space Requirements ) ) " .

) View the Microsoft policy for SQL Server privacy and data collection.

Server Configuration
Database Engine Configuration me Mie nd Automati
Error and Usage Reporting
Instalation Rules Send Windows and SQL Server Error Reports to Microsoft or your corporate report server. This
Ready to Install setting only applies to services that run without user interaction.

O Send feature usage data to Microsoft. Feature usage data includes information about your
hardware configuration and how you use Microsoft software and services.
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Click Next to continue with another installation check.

T SQL Server 2008 Setup - [m] X

Installation Rules

Setup is running rules to determine if the installation process will be blocked. For more information, click Help.

Setup Support Rules Operation completed. Passed: 9. Failed 0. Warning 0. Skipped 2.

i e

License Terms

st

Instance Configuration View detailed report
Disk Space Requirements

Server Configuration

Database Engine Configuration
Error and Usage Reporting
Installation Rules

Ready to Install

Installation Progress

Complete

[ <Back “ Next > ” Cancel H Help

Click Next again for a preinstallation status screen.

& SQL Server 2008 Setup o= o

Ready to Install

Verify the SQL Server 2008 features to be installed.

Setup Support Rules Ready to install SQL Server 2008:
Product Key = Summary =
License Terms Edition: Enterprise Evaluation
Feature Selection Action: Install
[nstance Configuation - General Configuration

: = Features
Dk e S Database Engine Services
Server Configuration Client Tools Connectivity
Database Engine Configuration Client Tools SDK
Error and Usage Reporting SQL Server Bo?rki Online
N Management Tools - Basic

Management Tools - Complete

Ready to Install Instance configuration
Installation Progress Instance Name: MSSQLSERVER
Complete Instance ID: MSSQLSERVER

& Instance IDs
SQL Database Engine: MSSQL10.MSSQLSERVER
Instance Directory: C:\Program Files\Microsoft SQL Server\

Shared ramnnnent rant dirartan:

< >

Configuration file path:

C:\Program Files\Microsoft SQL Server\100\Setup p\Log\20170808_100550\C¢ i ini |

<gsck |[ sl || concel || Hep |

Click Install to begin the software installation.
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T QL Server 2008 Setup - o > &
Installation Progress
Setup Support Rules Setup process complete
o e
License Terms
Feature Selection
Instance Configuration
Disk Space Feature Name Status
Server Configuration (@ | Database Engine Services Success
Database Engine C @ Client Tools Connectivity Success
Error and Usage Rep g @ Management Tools - Complete Success
Installation Rules @ Client Tools SDK Success
Ready to Install @ Management Tools - Basic Success
Installation Progress @ SQL Server Books Online Success
Complete
Net> || cancel || Hep

Click Next again to move to the final screen.

T SQL Server 2008 Setup

Complete

Your SQL Server 2008 installation completed successfully.

Setup Support Rules
Product Key

License Terms

Feature Selection

Instance Configuration
Disk Space Requirements
Server Configuration
Database Engine Configuration
Error and Usage Reporting
Installation Rules

Ready to Install
Installation Progress
Complete

Summary log file has been saved to the following location:

Information about the Setup operation or possible next steps:

@ Your SQL Server 2008 installation completed successfully.

Supplemental Information:

The following notes apply to this release of SQL Server only. ~
Microsoft Update
For information about how to use Microsoft Update to identify updates for SQL Server 2008, see the

[Microsoft Update Web site <http://go.microsoft.com/fwlink/?Linkid=108409> at
http://go.microsoft.com/fwlink/?Linkld=108409.

Reporting Services v

SQL Server is now ready for use.
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7.3 CREATING DATABASES

At this point, the SQL Server instance/system software has been installed, but no databases
have been created; that is done using SQL Server Management Studio. In the following,
two databases will be created, SQLSvrLogs and the University database.

SQLSvrLogs: The SQLSvrLogs database has two tables storing information about
warning messages and error messages from an SQL Server instance. Here is how this
database is updated and used:

« Chapter 8 contains a Perl script designed to run continuously to extract warning
and error messages from an SQL Server log file. It also describes how the bcp util-
ity is used to load the contents of these files into tables.

o Chapter 11 describes how to use PHP to develop a web-based interface allowing
a DBA or administrator to review warning and error messages. When reviewing
new messages, status flags are set appropriately to keep track of records that have
been reviewed, those that are being researched to see if corrective action is neces-
sary, and those where the underlying problem/issue has been resolved.

Section 7.3.1 showshow to create a database with the WarningRecordsand ErrorRecords
tables. Although very simple in nature, these tables are interesting in several respects.

 Each table has one long varchar column storing the information found in the
log record. Nothing in the log format is suitable for use as a unique identifier. As
such, the “RecordKey” column was defined with an “int” data format to support
ever-increasing numeric values automatically incremented as rows are inserted
into the table.

o Users will use the web interface to review all Warning and Error log records and
set flags for each row to label/classify the row as follows:

- Reviewed (and can be ignored).

- Pending (need to be researched further to determine if any corrective action
is needed).

- Resolved (and can subsequently be ignored from future reviews).

o The table design must include columns for each of these status flags using a “bit”
data format. In addition, as part of the process when loading new rows, a Stored
Procedure is needed to reset the null values for new rows to “0” (off).

The University Database: Chapter 4 describes the design of a University database
to store information about courses offered, students enrolled, and student grades.
Section 7.3.2 describes how to create a database in SQL Server to manage this infor-
mation based on the physical data model shown in Figure 4.7.
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7.3.1 Create an SQLSvrLogs Database

In this section, we will create an SQLSvrLogs database with tables to store WarningRecords
and ErrorRecords. To understand the design and operational use of this database, let us
review how it would be used in the field.

o In practice, new records for each table would be obtained by running a PERL script
24 x 7 modeled after the one shown in Section 8.5. New files are moved to the input
directory referenced in the next paragraph.

o A script is needed on the database host to continually monitor an input directory
for new files. When new files are found, they would be imported into the respective
table, and a Stored Procedure run to initialize the Reviewed/Pending/Resolved flags
described earlier.

Here are the steps required to create an SQLSvrLogs database with these two tables.

« Start SQL Server Management Studio, select Databases, right-click and chose New
Database.

| New Database

Selectapage st~ [ Heb

Database files:

Logical Name  File Type  Filegroup
Rows ..  PRIMARY

og Log Not Applicable

Autogrowth
By 1 MB, unrestricted growth
By 10 percent, unrestricted growt.

Connection

Server:
(ocal)

Connection:
Rex-D531\Rex
39 View connection propetties

Ready <« | mn »

Enter the Database Name in the block shown.
If multiple drives are available, the location of the new database can be changed by
scrolling to the right of this screen.
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- st v [ Hep
1 Options
147 Filegroups Database name: |SQLSvrDatabase ]
Owner: <default>
Use fulltext indexing
Database files:
Path
SQLSvData...  [...) C:\Program Files\Microsoft SQL Server\MSSQL10_50.MSSQLSERVER\M
SQLSviData...  [w) C:\Program Files\Microsoft SQL Server\MSSQL10_50.MSSQLSERVER\M
Connection
Server:
focal)
Rex-D531\Rex
39 View connection properties
Reody e )
Looaa J[ Bewoe ]

.II

Click OK to create the database on the designated disk drive.

To create tables, first click on SQLSvrLogs to expand the options, click Tables, right-
click, and select New Table.

File Vi toj : Dble Designer Tools Window Community Help
iR NewQuey | BB DD |5 EHI B
S|y |<EAEBEEL

~REX-D531.5QLSvrlogs - dbo.Table_1|
Data Type

Connect~ @ 4 m T 5 Column Name
=] E (local) (SQL Server 10.50.1600 - Rex-D531\Rex) 4 ’::l
= 3 Databases
@ (3 System Databases
@ (3 Database Snapshots
@ [J Orderltem
& () SQiSvtogs Column Propertie |
@ (3 Database Diagrams
@ 3 Tables . Ail E
@ (3 Views
3 Synonyms
@ (3 Programmability
@ 3 Service Broker
@ [ Storage
@ (3 Security
@ [ Security
@ 3 Server Objects
@ 3 Replication
@ [ Management
= [ SQL Server Agent




Using SQL Server m 173

Use this window to define the following columns for the WarningRecords table:

Column Name Format Usage/Purpose

RecordKey int An ever-increasing value used as the key column
Message Varchar(MAX) The content of the log record

Reviewed bit Set after record has been reviewed

Pending bit Set for records to be researched

Resolved bit Set when issue has been resolved

File Edit View Project Debug TableDesigner Tools Window Community Help
IQNewQuey | [ BB EIE (& HS B
Gbl<mASo®Re
Object Explorer v 2 X|| REX-D531.5QLSvr...WarningRecords | s X
Connect~ @3 %) m T .5 Column Name Data Type Allow Nulls -
& [ (local) (SQL Server 10501600 - Rex-D531\Rex) L int ‘
= (3 Databases W Message varchar (MAX) B 3
@ (23 System Databases ‘ Reviewed bit F
@ (3 Database Snapshots Pending bit ‘
® [J Orderitem ‘ Resolved bit
= [J SQLSvrLogs 3 <
@ (3 Database Diagrams j
& [ Tables | Column Properties |
(3 System Tables
=1 dbo.ErrorRecords
@ [ dbo.WarningRecords A~
@ 3 Views EF RecordKey @
3 Synonyms Allow Nulls No
(3 Programmability Data Type int
@ (3 Service Broker Nefault Valie o Aindina =
(L3 Storage (General)
(3 Security
@ (3 Security
@ (3 Server Objects S
Ready

Note the “Allow Nulls” settings; this permits new rows to be added to the table with no
(null) values for these columns.
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After defining each column, click the x at the top right of the table definition window to
close the window. You will be asked if you want to Save the table; choose Yes, then enter a
name for the table being saved (WarningRecords).

Repeat this sequence to define the ErrorRecords table.

——)
2 Microsoft SQL Server Management Studio ==~
File Edit View Project Debug Table Designer Tools Window Community Help
i NewQuey |y BB BIG G HS &
R
Object Explorer ~ & X|| REX-D531.5QLSvrL...dbo.ErrorRecords| T X
Connect~ 47 Column Name Data Type Allow Nulls
© (@ (ocal) (SQL Server 10.50.1600 - Rex-D531\Rex) B nt (&
= [ Databases B varchar (MAX) ]
3 System Databases Reviewed bit
(3 Database Snapshots Pending bit
|J Orderltem Resolved bit
=] O SQLSvrLogs _ B
(23 Database Diagrams 3
¢ ;blseyss!em Tables m
1 dbo.ErrorRecords A -
1 dbo.WarningRecords Ll = .
" L B (General) - ‘
3 Views —
- Recordey =
(3 Synonyms Allow Nulls No
3 Programmability Data Type int il
[ Service Broker
3 Storage (Name)
(3 Security
3 Security
3 Server Objects Y
Ready

For this application, the web interface executes queries directly against each table. There are
no subordinate/linked tables; therefore, no Referential Integrity constraints are required.
The only additional item needed is the Stored Procedure used to initialize the three sta-
tus flags after new rows are added to the two tables.
It will identify all newly imported rows (having status flags of “null”), and reset each to
zero. Section 7.10 shows how to create this Stored Procedure.

7.3.2 Create the University Database

This section describes the steps necessary to create the University database based on the
physical data model shown in Figure 4.7.

First, using SQL Server Management Studio, right-click on Databases and select “New
Database.” Repeat the steps followed earlier to define the University database.

7.3.2.1 Table Definitions
Now create tables for each entity shown in Figure 4.7. For each, right-click on Tables and
select “New Table.” Create entries for each column using the following guidelines.

o In general, most columns should be defined using a Data Type of varchar(50). This
results in using a variable number of bytes per column to store a character string up
to 50 bytes long.

o Where appropriate, pick an appropriate Data Type of Integer or Date/Time.
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« Click the “Allow Nulls” box for columns where information may not be available
when the tables are initially loaded.

For example, here are the column definitions for the School table.

File Edit View Project Debug TableDesigner Tools Window Community Help
P NewQuey |y BBD(EB S H I E
ST

Object Explorer ~ 2 X[ REX-DS3LUniversity - dbo.Table_1*| v x
Connect- M % m ¥ 5 Column Name Data Type Allow Nulls B
5 [ (ocal) (SQL Server 10.50.1600 - Rex-D531\Rex) Schodl Verchar (59
© (3 Databases SchoolName varchar(50) L
@ 3 System Databases ) SchooDescription varchar(50) b
@ (3 Database Snapshots SchoolCampusLocation  varchar(S0)
@ (J Orderitem SchooDeanid varchar(50) B
@ (J SQLsvrlogs -
& () University
@ (3 Database Diagrams
@ [ Tables
@ (3 Views
@ 3 Synonyms -
@ (23 Programmability SchoolDescription E
@ (23 Service Broker Yes
@ [ Storage varchar
@ (3 Security
(3 Security = o
(3 Server Objects
@ (3 Replication

@ (3 Management
@ [$ SQL Server Agent

Ready

o After entering all column names for a table, identify the column(s) used as a key for
the table. If the key is only one column, click on the line with that column, right-click,
and select “Set Primary Key.”

File Edit View Project Debug Table Designer Tools Window Community Help
iDNewQuey |y (B8 & |0 |5 H | H g
AR

Object Explorer ~ & X REX-D531.University - dbo.Table_1*| - X
Connect~ @ 4’ m T '§ = Column Name Data Type Allow Nulls -
& [ (local) (SQL Server 10.50.1600 - Rex-D531\Rex) [»9] sehoolD varchar(50)
© [ Databases SchoolName varchar(50) L
@ [ System Databases SchoolDescription varchar(50) b
@ (3 Database Snapshots SchoolCampustocation  varchar(0)
@ [J Orderltem SchoolDeanID varchar(50)
[J SQLSvrLogs il
© [J University
@ (3 Database Diagrams Column Properties
@ (3 Tables —
@ (3 Views 22LE
3 Synonyms B (General) A

@ (3 Programmability

@ (3 Service Broker Allow Nulls No

@ [ Storage Data Type varchar
[3 Security Default Value or Binding
@ (3 Security Length 0

@ [ Server Objects
(3 Replication

3 Management

@ [$ SQL Server Agent

Ready

After all columns and the primary key are defined, select the x at the top right of the
design window to close and save the definition, entering a table name when prompted.
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If the table requires more than one column for the key (e.g., the Assignment table), select the
first column in the key, hold the shift key down, and select the last column. In Assignment,
the first three columns are used in combination to identify a unique assignment.

RIS EET T

File Edit View Project Debug Table Designer Tools Window Community Help

QNewauey |0 DB BRI S H S &

Object Explorer ~ & X[ REX-D531.University - dbo.Table_1*| T x
Connect~ @ 4’ m T '§ L Column Name Data Type Allow Nulls
© [ (local) (SQL Server10.50.1600 - Rex-D531\Rex) | [[»] coursem varchar(50)
= [ Databases F varchar(50)
@ [ System Databases AssignmentNo smallint
@ (3 Database Snapshots AssignmentDesaription  varchar(MAX)
@ |J Orderitem
® J SQLSvrLogs
& [J University
@ (3 Database Diagrams [ Column Properties |
= [ Tables L — a1
[3 System Tables = =121 5
2 dbo.School B (General) A
= (3 Views Allow Nulls No @
@ (3 System Views Data Type
@ 3 Synonyms Default Value or Binding
@ (3 Programmability E] Table Designer
@ B Service Broker Eonauc:d N - <database default> 1
@ [ Storage
@ £ Security - (General)
(3 Security
@ [ Server Objects
=Y i abi ™

Ready

After doing the group select shown earlier, right-click, and select the “Set Primary

Key” option.

File Edit View Project Debug TableDesigner Tools Window Community Help
A Newauey B DD B35 H S E
55\ SARASEE;
Object Explorer ~ & X || “REX-D531.University - dbo.Table_1*| F X
Connect~- 83 % m T § - Column Name Data Type Allow Nulls
S [ (local) (SQL Server 10501600 - Rex-DS31\Rex) B 7] cousen e )
© [ Databases ¥ SectionlD varchar(50)
@ (3 System Databases % Assignmento smallint
@ [ Database Snapshots AssignmentDescription varchar (MAX)
@ (J Orderltem
® [J SQLSvrLogs
& [J University
@ (3 Database Diagrams Column Properties
= [ Tables
=l 2| A E
@ (3 System Tables = =21 S
2 dbo.School B (General) A
= (3 Views Allow Nulls No @
@ (3 System Views Data Type
@ (3 Synonyms Default Value or Binding
@ (3 Programmability B Table Designer
® [ Service Broker Collation <database default> i
@ [ Storage d.Cot
L General
@ (3 Security ¢ D
3 Security
[ Server Objects
o =Y i abi &
Ready

Finally, click on the x at the top right of the design window to close the table design;

enter the table name when prompted.
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Continue adding table definitions for all tables shown in Figure 4.7 and compare your
results to the following.

Ie Edit View Project Debug Tools Window Community Help

§ Q) New Query | [y | 3 £ (5 | |5 W 9 |

Connect- %) 83 w ¥ 2] &
= (4 (local) (SQL Server 10.50.1600 - Rex-DS31\Rex) -
= [ Databases
@ [ System Databases
@ [ Database Snapshots
® |J Orderitem
@ [J SQLSvrLogs
© [J University
@ (L3 Database Diagrams
EI=
@ 3 System Tables
@ I dbo.School
@ O dbo.Assignment
@ O dbo.Course
21 dbo.Course Enroliment
@ O dbo.Course Offering
@ 2 dbo.Course Prerequisite
@ 3 dbo.Curriculum
3 dbo.Curriculum Course
@ [ dbo.Curriculum Job Classification
@ [ dbo.Degree
@ O dbo.Department i
@ O3 dbo.Faculty
3 dbo.ob Classification
@ 3 dbo.Student
@ I dbo.Student Transcript
@ [ Views
@ (3 Synonyms
@ [ Programmability =

7.3.2.2 Creating Indexes
Next, we will create the indexes needed for these tables.

o As with Microsoft Access, indexes are automatically created for primary keys for
tables.

 Indexes are also needed to support frequently used access paths anticipated by the
design team. As one example, school administrators frequently need to see all stu-
dents enrolled in a specific department.

o If a query were executed specifying all students for a specific department and
the Student table had no index on the DepartmentID column, the Student table
would be scanned and only rows matching the DepartmentID qualifier would be
returned. This would require a significant amount of I/O activity.

« Ifthe same query were executed after an index was created on the DepartmentID
column in Student, then the RDBMS would use the index to retrieve only stu-
dents within the specified department, requiring significantly fewer I/Os.

To create an index on the DepartmentID column in Student, double-click on the
Student table to show all options, click on Indexes, right-click, and select New
Index from the pop-up menu. This opens the following window.
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[l — Sscret ~ [t
3% Options
% Included Columns Table name: [Student ]
#* Storage
# Spatial Index name:
EL™ Indextype: (Nonctstered ]
Unigue
Index key columns:
Name Sort Order Data Type Si Add...
Remove )
Move Up ]
[ Movepown ]
Connection
Server:
focal)
Rex D531\Rex
9 View connection properties
Progress
Ready
<[ . ] »

Fill in the Index Name entry.
o Next, select an Index type from the pull down.

Indexes are Clustered if the rows in the table are in the sequence of the column
specified. If not, they are NonClustered.

» Note the unique box, chosen when each value in the index will apply to only
one row in the table. In this case, there will be many students with the same
DepartmentID, so the box is not checked.

o Next, click the Add button to see a list of column names available. Click on
DepartmentID.

Select table columns to be added to the index key.
Table columns:

Name Data Type Bytes Ident...
E StudentID varchar(50) 50 No
_j DepartmentID varchar(50) 50 No
StudentLastName varchar(50) 50 No
StudentMiddleName varchar(50) 50 No
StudentFirstName varchar(50) 50 No
StudentTelephoneNu...  varchar(50) 50 No
Student StreetAddr varchar(50) 50 No
StudentCity varchar(50) 5 No
StudentState varchar(50) 50 No

[ok J[ Concsl |[ bep |
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 Click OK to see details of the index being created.

]
Name Sort Order Data Type Sia I & l
Ascending 5(
| Bemove |
Move Down
<[ J >

o Click OK again to create the index.

Note the details of the new index on the Student table.

File Edit View _Erojecthbug Tools Window Community Help
| NewQuey | [y |3 ) 5 |0 |5 W 9 |5 o

Connect~ 87 ) w YT 21 &
@ = dbo.Curriculum Course
@ £ dbo.Curriculum Job Classification
@ I dbo.Degree
@ [ dbo.Department
@ I dbo.Faculty
@ = dboJob Classification
@ = dbo.School
= O dbo.Student
@ 3 Columns
@ (3 Keys
@ 3 Constraints
@ (3 Triggers
El=] nderes|
«hy PK_Student (Clustered)
sh Department-Student (Non-Unique, Non-Cluste
@ (3 Statistics
@ I dbo.Student Transcript
@ 3 Views
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« In addition, administrators also frequently want to see all courses taught by a par-
ticular Faculty member. This will require an index be built on the FacultyID column
in Course Offering.

Follow the above-mentioned steps to modify the Course Offering table.

Ie Edit View Project Debug Tools Window Community Help

(R NewQuey |y [ B |0 |5 W 4 | H

Connect- 3] 83 w ¥ 3 &
® lj Orderltem
® [J SQLSvrLogs
=] G University
@ (3 Database Diagrams
= [ Tables
@ @ System Tables
@ [ dbo.Assignment
@ & dbo.Course
@ = dbo.Course Enrollment
= = dbo.Course Offering
@ 3 Columns
@ (3 Keys
@ 3 Constraints
@® (3 Triggers
5G
«hy PK_Course Offering (Clustered)
sh Course-Faculty (Non-Unique, Non-Clustered)
@ (3 Statistics
@ =1 _dbo.Course Prereauisite

7.3.2.3 Index Maintenance

After the database is placed in operation, inserts and deletes of rows in tables will cause
indexes to grow in size to allow room for new entries. Index maintenance must be periodi-
cally performed to condense all current entries and reclaim free space.

7.3.2.4 Referential Integrity Constraints
Referential Integrity constraints must now be created for all one-to-many relationships in
Figure 4.7.
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To create a constraint for the School-Department relationship:

o Select the table on the many side of the relationship (Department) and put it in Design
mode.

L4 Microsof

File Edit ew Project Debug Table Designer Tools Window Community Help
PR NewQuey |y | BB B B |0 |5 W 9 | B g
] -sma & ,

% X || ~REX-D531.Univers...- dbo.Department | - X

Connect~ &3 ) m 7 °f Column Name Data Type Allow Nulls -
‘ @ [ dbo.Course Prerequisite ~||"® | varchar(50) B
@ 3 dbo.Curriculum SchoollD varchar(50)

@ [ dbo.Curriculum Course DepartmentName varchar(50)
3 dbo.Curriculum Job Classification - L

@ [ dbo.Degree Column Properties

= [ dbo.Department

@ 3 Columns |
@ (3 Keys -
3 Constraints DepartmentID @
@ (3 Triggers Mo
@ [ Indexes varchar
@ [ Statistics
50

@ [ dbo.Faculty
@ 3 dboJob Classification
@ & dbo.School
@ [ dbo.Student
@ = dbo.Student Transcript
@ 3 Views i

| Ready

« Click on the SchoolID column, right-click, and choose Relationships.

Selected Relationship:

FK_Department_School Editing properties for existing relationship

B (General)
Check Existing Data On Creatic Yes
[ Tables And Columns Specifical

B Identity
(Name) FK_Department_School
Description

B Table Designer
Enforce For Replication Yes

Enforce Foreign Key Constraint Yes
@ INSERT And UPDATE Specifical

(e ) e
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o Select “Tables and Columns Specifications,” then click on the “..” button.

Selected Relationship:
FK_Department_School Editing prop for existing p
B (General)
Check Existing Data On Creatic Yes
Tables And Columns Specificaf ()
B Identity
(Name) FK_Department_School
Description
B Table Designer
Enforce For Replication Yes

Enforce Foreign Key Constraint Yes
@ INSERT And UPDATE Specificat

Add | [ Delete

« In the next window, change the table name and columns within each to reflect the
tables and columns associated with the one-to-many relationship.

Relationship name:

FK_Department_School

Primary key table: Foreign key table:
[School v] Department|
SchoollD v SchoollD

[ ok ][ cancea |

o Take a minute to review the table and columns identified for this relationship. If they

are correct, click OK.
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+ Next, select Insert and Update Specifications.

Selected Relationship:
FK_Department_School Editing properties for existing relationship
Check Existing Data On Creatic Yes -
Tables And Columns Specifical e
G Identity
(Name) FK_Department_School
Description
B Table Designer 3
Enforce For Replication Yes i
Enforce Foreign Key Constraint Yes
B INSERT And UPDATE Specificat
Delete Rule No Action [=]
Update Rule No Action e
[ Add | Delete | Close

o Use the pull downs for the Update and Delete rules and change both to Cascade. This
tells the RDBMS to enforce the RI constraint between School and Department.

Selected Relationship:
FK_Department_School Editing properties for existing relationship
Check Existing Data On Creatic Yes -
[ Tables And Columns Specifical L
E Identity
(Name) FK_Department_School
Description
B Table Designer 3
Enforce For Replication Yes i
Enforce Foreign Key Constraint Yes
B INSERT And UPDATE Specificat
Delete Rule Cascade
Update Rule Cascade E__
[ Add | Delete | Close

« Click Close to end the RI constraint specifications. Next, click the top right x on the
Design window, and click Yes on the window to save these changes.
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'Microsoft SQL Server Management Studio ‘

Save changes to the following items?
REX-D531.University - dbo.Department

 Repeat this sequence to create RI constraints for each of the remaining one-to-many
relationships.

At this point, the database is ready for use. As a first step, user accounts will be created.

7.4 USER ROLES

When creating user accounts for database users, you can set permissions for table-level
read or update authority, or add administrative permissions for each user. This is very

tedious and error prone. It is much easier to define Roles for users and grant detailed privi-
leges at the Role level. Later, when creating an account for a new user, simply assign that
role to the user to grant those permissions.

The SQL Server Management Studio can be used to create roles at a broad level. For
example, for a University database, the following Roles would typically be used.

o Read: Read-only access to all tables, typically granted to students or administrative
tasks that have no update authority.

o Update: Read and write access to all tables, but no authority to alter table
definitions.

o Developer: A user with read and write access to all changes and can change table
definitions.
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To create one of these roles, use Management Studio to select the University database,
click on Security and then Roles. Next, select Database Roles, right-click, and select New

Database Role.

|Connection
Server:
focal)
Connection:
Rex-D531\Rex
% v . z
Progress
Ready

« Give the role a name (e.g., Developer), enter “dbo” for owner, then select the appropri-
ate entry from the pull-down items. See the following to show read, update, and Data
Definition Language authority for the Developer role.

& General
Securables
4% Extended Properties ko fe: [Devm ]
Owner: = ()
Schemas owned by this role:
Owned Schemas -
@ db_ddiadmin
guest
INFORMATION_SCHEMA
db_denydatawriter
E db_datareader
db_datawriter v
Members of this role:
Role Members
|Connection
Server:
focal)
Connection:
Rex-D531\Rex
2 v . 3
Progress
Ready
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o Click OK to create that role.

» Now repeat this process to create the “Read” role for read-only access and “Update”
for users with table update authority.

For more precise permission control, use Transact-SQL (the command line interface) to
define a schema and associate role to manage read and write permission at the Table level.

7.5 AUTHORIZED USERS

If you recall, we chose “Mixed Mode” when the database was created, which allows the
use of both Windows accounts as well as internal SQL Server user accounts to control user
permissions.

SQL Server accounts should be used to manage user accounts and permissions.

« In classified environments, SQL Server DBAs are not allowed to have system admin-
istrator accounts and privileges as a security measure. They therefore have no control
over creation of Windows accounts.

« Having all user accounts in a single location makes them easier to manage.
User accounts on an SQL Server instance can be managed in two ways.

« To create an account for any/all databases running on that instance, select the primary
Security tab, click on Logins, and right-click on the New Login pop up.

File Edit View Project Debug Tools Window Community Help

0 NewQuey | O | 8 8 B |0 |25 W 9 | B

Connect~ 4 43 w T 2] &
© [ (local) (SQL Server 10.50.1600 - Rex-D531\Rex)
= [ Databases
3 System Databases
@ (3 Database Snapshots
® G Orderltem
@ [J SQLSvrLogs
@ |J University
& (3 Security
=
@ (3 ServerRoles
@ 3 Credentials
@ (@ Cryptographic Providers
@ [ Audits
@ [ Server Audit Specifications
(3 Server Objects
@ (3 Replication
@ [ Management
@ [ SQL Server Agent
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The following screen will open.

f;g;:‘- et~ [ e

gwm

2 User Mapping Login name: Search...
gam © Windows authentication

© SQL Server authentication
Password ( ]

Confim password: ( ]
[] Specfy old password

0ld password [ ]
Enforce password policy
Enforce password expiration
User must change password at next login

© Mappedto cettificate [ 'J
© Mapped to asymmetrickey | -]
e [£] Map to Credential ( I md )
Server: Mapped Credentials Credentia Provider
{ocal)
R D31 e
P : .
|Progress Remoye
Resy Defauit database: [master =)
Defautt language: [w’ ']

s""ﬁe_;':" Sscmt ~ [Hep
& Server Roles
122 User Mapping Login name: | earch...
gsum © Windows authenticatior
@ SQL Server authentication
Password:
Confim password:

[J Specy old password

0ld password (
[¥] Enforce password policy
Enforce password expiration

User must change password at next login
© Mappedto cettificate [ v]
© Mapped to asymmetrickey | -]
Connection Bepto Ondortd ( ) e
Server: Mapped Credentials Credential Provider
{ocal)
Connection:
Rex-D531\Rex
37 View connection properties
Progress Remove
Feady Defaut database: [mester =)
Defautt language: [defal) ']

o Fill in the account name for the user and enter a password. Note the checks to force
the user to change the password on the first logon and to enforce password policy
(strength of the password and periodic changes).
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o Click the Default database arrow and select the default database for this user.

e Ssermt ~ Dep
= Roles
1 User Mapping Login name: ASmith Search...
(2 Securables i -
# Status © Windows authentication
© SQL Server authentication
Password:
Confim password: ceseseseee
[ Speciy old password
Oid password: (
Enforce password policy
[¥] Enforce password expiration
[¥] User must change password at next login
© Mappedto cetficate ( -
© Mapped to asymmetrickey | -]
Mep to Credential ( I md )
Server: Mapped Credentials Credentia Provider
{ocal)
Rex D53 N\Rex
39 View connection properties
Remove
- ol
Defaut language: model
msdb
Ordert
SQLSv:n.ogs | Cancel |
e, ﬁ

o Click OK to create this account.

To grant Read access to this user, select the user name in the Security tab.

File Edit ew Eroj«!nelmg Tools Window Community Help
(0 NewQuery | [y | B D (| |5 W 4 | o

Connect- 3 83 w 7 E] &
© [ (local) (SQL Server 10.50.1600 - Rex-DS31\Rex)
= (3 Databases
@ (3 System Databases
@ (3 Database Snapshots
@ [J Orderltem
@ (J SQLSvrLogs
® [J University
= (3 Security
= [ Logins
&, ##MS_PolicyEventProcessingLogin##
&, #2MS_PolicyTsqlExecutionLogin##
A analyst
A dba
A NT AUTHORITV\SYSTEM
5] NT SERVICE\MSSQLSERVER
5] NT SERVICE\SQLSERVERAGENT
A Rex-DS31\Rex

A sa
a
@ (3@ Server Roles
@ (3 Credentials
@ (3 Cryptographic Providers
@ C3@ Audits

Ready
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o Next, right-click on the name and select Properties.

- Sse ~ DHep
= Roles
§ User Mapping lnmuam N ][ Search
= ss’m"’h = © Windows authentication
@ SQL Server authentication
Password: essesesseseses
>
Specfy od password
0ld password: (
Enforce password policy
[¥] Enforce password expiration
User must change password at next login
@ Mapped to cetficate [ -]
) Mapped to asymmetric key [ v]
Map to Credential ( I )
Server: Mapped Credentials Credential Provider
{ocal)
Rex D53 N\Rex
9 View connection properties
Remoye
Ready Defaut database: master v
Default language: Engsh 000 v
o ] J

o Use the pull down to change the Default database to University. Next, click the User
Mapping label.

Defaut Schema
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« Click the box for University, then at the bottom select Read, Update, or Developer to
assign that role to this user.

Map Database User Default Schema

OO0Oo00O

[] Guest account enabled for: University

Database role membership for: University
] db_accessadmin

] db_backupoperator
[ db_datareader

,n

Remember to always use the primary Security tab to add users, then modify that user
account to map it to the appropriate database and assign permissions as appropriate.

7.6 BACKUP/RECOVERY

Database Backup/Recovery services give the user the capability to restore a database to a
point before a database failure occurred.
To take a copy of the database, first select the database in question.

Elle Edit ﬁ Debuglools Window Community Help
i 2 NewQuery | [0y | i 5 |0 |5 W 9 | ¢

Comect- R %) = 7 DB
=] (local) (SQL Server 10.50.1600 - Rex-D531\Rex)
© [ Databases
@ (23 System Databases
@ (3 Database Snapshots
|J Orderitem
@ [J SQLSvrlogs
50
@ [ Security
@ [ Server Objects
@ (3 Replication
@ [ Management
@ [ SQL Server Agent




o Next, right-click and choose Tasks/Backup.
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(Universty

[Fu

Backup type: - [Fut

University-Full Database Backup

©
=
L]

o

© on: 8/12/2017 )~

t] days

© Disk Tape

» Review the settings. Note that the Backup type gives options for Full, Differential,

and Transaction Log.

If desired, change the backup location to a different drive or directory. Click OK to

take the backup file.

+ Also note the Options tab.

1) Back!
e S~ Gy
[y Options |
Overwrite media
© Back up to the existing media set
© Append to the existing backup set
©) Overwrite all existing backup sets
Check media set name and backup set expiration
Media set name: l ]
() Back up to a new media set, and erase all existing backup sets
New media set name: l ‘
New media set description: l 7
Reliabilty
Verify backup when finished
~ Perform checksum before writing to media
[6!,-"- Continue on emor
Server: ion
) Truncate the transaction log
Rex-D531\Rex Back up the tai o the log, and leave the database in the restoring state
37 View connection properties |  Tape drive
[[] Unload the tape after backup
Progress [[] Rewind the tape before unloading
Ready Ce i
Set backup compression: [Unelhe default server setting v]
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« Note by default, the output file is appended when a backup is taken. The Append pro-
vides more options for recovery in the future to deal with any user errors or applica-

tion updates, but of course results in more disk space being used.

« Click OK to create the backup file.

@ The backup of database 'University' completed successfully.

EE)

 To create a job to automatically take a backup on a scheduled basis, repeat the above-

mentioned steps but click Scripts in the following window.

|Selecta page -
e 5 Script “B Help
2 Options
Overwrite media
@ Back up to the existing media set
@ Append to the existing backup set
© Overwrite all existing backup sets
Check media set name and backup set expiration
Media set name: [ J
() Back up to a new media set, and erase all existing backup sets
New media set name: l ‘
New media set description: ’ i
Reliabilty
Verfy bac ik
Perform checksum before writing to media
'Connection Continue on error
Server: Hon k
(ocal)
Truncate the transaction log
Connection:
Rex-D531\Rex Back up the tail of the log, and leave the database in the restoring state
Ll Tape drive
[] Unload the tape after backup
|Progress [[] Rewind the tape before unloading
Scrioty @ z
@ successfully.
Set backup [Uuﬂ\e default server setting v]
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After selecting Scripts, choose Script Action to Job.

A Generl Sscwt v [ Hep

12 Steps

|27 Schedules Neme

& Heds

2 Notfications Qe

127 Targets ; .
Description:

;

ﬁﬂ

From this window select Steps, then click Edit to see the details of the job being
created.

g gSclipl v IB Help

Step name:

-

Transact-SQL script (T-SQL) v

5

)

i

KUP DATABASE TO DISK = NC:\D: kup\

8%

R

.II
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o From the prior window, click Schedule and then New.

Name: [ Jobs in Schedule l
Schedule type: [Recuring | [@) Enabled
One-+ime occumence

Doe

Ogeurs: Weekly -

Recurs every: week(s) on
Monday Wednesday Friday Saturday
Tuesday Thursday Sunday

Daily frequency
© Occurs once at: 12:00:00AM 1%

© conmons Sty
Ending at: 11:59:59 PM |4

Duration
Start date: 8/12/2017 @~ © Enddate: 8/12/2017 [~
© No end date:
Description: Occurs every week on Sunday at 12:00:00 AM. Schedule will be used starting on 8/12/2017. -
0k | [ Concel J[ e ]

« Specify date and time settings, then click OK.

A job has now been created to automatically run the job per the settings recorded.
See the Jobs entry in SQL Server Agent to monitor the status of the automated
backup job.



Using SQL Server m 195

7.7 LOADING DATA INTO TABLES
As with Microsoft Access, SQL Server has wizards which make it easy to import data from

an external source into a table.
To start the process, select the name of the database to be updated.

File Edit View Project Debug Tools Window Community Help

D NewQuey | [y | D 5|0 |5 W 4 | ¢

Connect~ 82 83 w 7 2] B
=0
@ [ Database Diagrams
@ 3 Tables
@ (3 Views
@ (3 Synonyms
@ [ Programmability
@ (3 Service Broker
@ (3 Storage
& [ Security
@ [ Security
@ [3 Server Objects
@ [ Replication
@ (3 Management
= [ SQL Server Agent
@ 3 Jobs
€§] Job Activity Monitor
@ 3 Alerts

Ready

=5 EoR "

Welcome to SQL Serverimportand
Export Wizard

Th-s vwzud hdpsyoutouemmnplepadtm import and

lar data
spreadsheﬁs andmﬁles wizard can also create the
destination database and the tables into which the data is inserted.

Tomeoroopydmbaseswdﬂmrob;eﬁsfrmmwvu
instance to another, cancel this wizard and use the Copy Database

\Mmdlmhead The Copy Database Wizard is available in SQL

Server Management Studio.

I Do not show this starting page again.

Help | < Back I Next > I FEinish >>| Cancel I

Z|

o Click Next to move to the window where the source and destination are designated.
Click the pull down on Data source to select the origin of the input. In the following,
a flat file has been selected.
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Choose a Data Source \“
Select the source from which to copy data.

Data source: IB Flat File Source ZI
General Select a file and specify the file properties and the file format.
Columns
- pdvenced " Fie name: [ Browse.
Locale: IE‘N (United States) 'I I” Unicode
Code page: |1252 (ANSI - Latin 1) =l
Format: [Delimted =]
Text gualifier: Im—
Header row delimiter: ﬁ
Header rows to skip: lﬁ

I Column names in the first data row

A\ Avalid file name must be selected.

Help <Back I Next > I Finish >>| Cancel I

Z|

o Use the Browse button to navigate to the file to be imported.
Note the entries under Format.
o Text in the input file may have delimiters (e.g., ); enter that delimiter, if used.

o If the file is originated from a UNIX platform, the Header row delimiter must be
changed to line feed.

 Theinputfile may, or may not, have headers. Set the Header rows to skip accordingly.

. SQL Server Import and Export Wizard <
Choose a Data Source
Select the source from which to copy data. tﬁ‘
Data source: | Fiat File Source ~|
General Select a file and specify the file properties and the file format.
Columns
3 hivenced  Filename: [CA\Users\Rex\Documents\Book\l  Brouse...
Locale: [Englsh (Unted States) ] I~ Unicode
Code page: [1252 (ANSI - Latin ) 5
Format: | Deimted ~|
Text ualifier: [wones
Header row delimiter: v
Header rows to skip: Iﬁ
¥ Column names in the first data row

Help | <Back |[ Next> | Finish>> Cancel |

4
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« Clicking Next previews the data being imported.

Choose a Data Source 3
Select the source from which to copy data. ..
4 N
Data source: Ié Flat File Source ZI
General —Specify the characters that delimit the source file: —————————————
Row delimiter: [icR¥LR |
=1 Preview Column delimiter: |Td) Y ;j
Preview rows 2-5:
CourselD CourseName | CreditHours | Department|D Cours
CIS100 Introductionto ... 4 Cis "Lea
CIs110 Computer Litera... 4 cis Lean
CIS200 Introduction to ... 4 cis Over
CIS300 Database Design 4 cis Over
< i | »
Refresh I Reset Columns I
Help <Back |[ Next> | Finish>s | Cancel Iﬁ

« Clicking Next moves to the Destination options.

Choose a Destination
Specify where to copy data to.

Destination:

|
N
[B saL Server Native Client 10.0 =~

& Use Windows Authentication
" Use SQL Server Authentication
User name: |

Password: |

Database:

bep | <Back |[ Next> |

m

inish >>| Cancel |
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« Click Next to show a mapping between source and destination.

Select Source Tables and Views
Choose one or more tables and views to copy. .N
y
Tables and views:
%] Source | Destination |
2 C ] Courses]
EdtMappings.. | preview.. |
Help <Bock |[ Net> | Finish>ol | Cancel |
4

« Note that the Destination is populated using the name of the input file. Click

the Destination column, then use the pull-down list to select the table being
updated.

Select Source Tables and Views
Choose one or more tables and views to copy.

L)
l.‘

Tables and views:
'E]Som:e | Destination [

Help <Back [ Next> | Einish>>| | Cancel |




o Select Edit Mappings to verity the mapping on input and
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output column operations;

change when appropriate. Click the Enable identity, insert if the target table has an

ever-increasing integer value as its key column.

C:\Users\Rex\Documents\Book\University Courses.txt

Destination: [dbo).[Course]

Edit SQL. I

€ Create destination table
(" Delete rows in destination table

% Append rows to the destination table I~ Enable identity insert

I” Drop and re-create destination table

Course Description string [DT_STR] (50)

Mappings:

Source | D | Type | Nullable | Size | Precision | Scale |
CourselD CourselD varchar r 50

CourseN: CourseN: varchar r 50

CreditHours CreditHours smalint r

DepartmentID DepartmentID varchar ¥ 50

OK

o Click OK, then select Preview to see anticipated results of the import.

Sample data (up to first 200 rows)

CourselD | CourseName | CreditHours | Dx tiD | Cour
CIS100 Introduction... 4 cis "Lez
cis110 Computer Li.. 4 cis Lear
CIS200 Introduction... 4 cis Ove
CIS300 Database D... 4 cis Ove

n |

Close
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o Click Close, then Next to see one final check.

Review Data Type Mapping
Select a table to review how its data types map to those in the destination. Also, select y
how the wizard handles conversion issues. Ny
Table:
Source |_| Destination

/1\ C:\Users\Rex\Documents\Book\Universty C... J [dbo}{Course]

< m ] »

Data type mapping:
[ Source Column_[ Source Type | Destination Co... | Destination Ty... [ Convert [ On Eror [
19| CourselD string [DT_ST...  CourselD varchar
@ CouseName  sting [DT_ST.. CourseName varchar
/)\ CredtHows ~ sting [DT_ST.. CredtHours  smalint ¥ UseGlobal
& DepatmentlD  sting [DT_ST... DepatmentlD  varchar
@ Course Descri... sting [DT_ST... CourseDescri...  varchar 12 Use Global
<[ m J »
Tovi T IR Gra e coh e
On Error (global) Fal g
On Truncation (global) Fai -

Help <Back |[ Net> | Finish>>l | Cancel |

« Click Next, then Run immediately to start the import.

Save and Run
Indicate whether to save the SSIS package. |

¥ Runimmediately
I~ Save SSIS Package
& SQI Server

€ File system

Package protection level:
IEnaym sensitive data with user key d

Password: |

Retype password: |

Help <Back |[ Newt> | Finish>>| | Cancel |

4

Note the option to save the details of the import operation to repeat the process in the
future.



o Click Next, then Finish to start the import.

Complete the Wizard
N L | Verify the choices made in the wizard and click Finish.
Y
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\Click Finish to perform the following actions:

Destination Location : focal)

Destination Provider : SQLNCLI10

o Copy rows from C:\Users\Rex\Documents\Book \University Courses bd to [dbo].[Course]
The new rows will be appended to the existing table.

»  The package will not be saved.
o The package will be run immediately.

Provider mapping file : C:\Program Files (x86)\Microsoft SQL Server\100\DTS\MappingFiles
\SSIS10ToMSSQL. XML

Help <Back N> |[ Einish Cancel |

4

The execution was successful 1
§
11 Total 0 Error
| @ o 11 Success 0 Warning
Details:
[ Action [ Status [ Message ]
@ Intiglizing Data Flow Task Success
@ Initislizing Connections Success
@ Setting SQL Command Success
@ Setting Source Connection Success
@  Setting Destination Connection Success
@ Vadating Success
@ Prepare for Execute Success
@ Preexecute Success
@ Copyingto [dbo} [Course] Success 4rows transfered
@ Postexecute Success
Stop Report v
Close

The Import/Export wizard can also be used to move table data between two different

databases.

When loading data into tables with Referential Integrity constraints, the table on the
one side of a relationship must be updated before the table on the many side.
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7.8 CREATING VIEWS

Now let us see how to create a View to support queries against the database.

In Section 7.3.2, we saw how to create an index in the University database to more
rapidly support a query to see all courses taught by a specific instructor. Let us now create
a View to display the results of such a query.

« Expand the University database and click on View.

File Edit View Project Debug Tools Window Community Help
(0 NewQuey |y | B8 5|3 |5 W | H

Connect~ %3 %3 w ¥ E] B
© [ (ocal) (SQL Server10.50.1600 - Rex-D531\Rex)
© [ Databases
@ (3 System Databases
@ (3 Database Snapshots
@ (J Orderltem
@ [J SQLSwiLogs
& [J University
@ (3 Database Diagrams
(23 Tables
@0
@ (3 Synonyms
@ (3 Programmability
(3 Service Broker
(3 Storage
(3 Security
@ [ Security
@ (3 Server Objects
@ [ Replication
@ [ Management
@ [ SQL Server Agent

Ready

« Right-click on View and select “New view” from the pull down; the following win-
dow opens showing all tables available for the view.

Tables |V'|ews IFunchonsISynonymsl

Assignment -

Course

Course Enrollment
Course Offering
Course Prerequisite
Curriculum
Curriculum Course

Curriculum Job Classification
Degree

Department

Faculty

Job Classification

Cobannl

| Refrsh | [ Add || gose |
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« For each table needed, select the table name then click Add. For this query, we will
need information from the Faculty, Course Offering, and Course tables. The follow-
ing display shows the design pane after adding these tables.

Eile i ”7 7:7 eyl)esignev Tools Window Community Help
D Newquey B BB DI S E S Ey
| ! =t

- x|

o

Connect~ @3 4 w 7 _§

=] B (local) (SQL Server 10.50.1600 - Rex-D531\Rex)
= (3 Databases
@ [ System Databases
@ (3 Database Snapshots
@ (J Orderltem
® [J SQLSvrlogs
& (J Univerity
@ [ Database Diagrams
@ (3 Tables
@ (3 Views
3 Synonyms
@ (3 Programmability _—
@ (3 Service Broker ™ G
@ (3 Storage il = - — T — — = 3
@ [ Security SELECT
@ (3 Security FROM  dbo.Faculty INNER JOIN
@ £ Server Objects o [Couese Offring] O cbo.Fscuty FaautyD = o [Course Offering].FacutylD INER JOIN
® (3 Replication dbo.Course ON dbo. [Course Offering].CourseID
@ [ Management
@ [ SQL Server Agent ]

[EREE R RN

il ] »

C —
K 4| ofo | b M b |@ | |

= ]

« Next, click on the column names to be displayed. For Faculty, we want the instruc-
tor’s ID and name; for Course Offering, the ClassSchedule showing when it meets;
and for Course, the Course ID and name.

File Edit View Project - Debug Query Designer Tools Window Community Help
D Newuey || DD BID(SE S E
AR =11
- x ||
Connect~ @3 &) w 7 & A
=] B (local) (SQL Server 10.50.1600 - Rex-D531\Rex) E
= (3 Databases v
@ [ System Databases ]
@ (3 Database Snapshots (v]
@ (J Orderltem v]
@ [J SQLSvrLogs l;
© J University
@ [ Database Diagrams I::mtyﬁ':yee thd
@ (3 Tables [ JFacultystate
& (3 Views [_IFacuityzpCode
& (3 Synonyms
@ 3 Programmability e
@ (3 Service Broker < Q C
@ [ Storage < = = — T — = — = 3
@ D Security SELECT  dbo. Famny FacultyID, dbo.Faculty.FacultyPrefix, dbo.Faculty.FacultyLastName, dbo.Faculty.FacultyFirstName, dbo. [Course Offering »
@ (3 Security Course.CourselD, dbo.Course.CourseName
@ 3 Server Objects FROM dbo.| Faulty!MBi JOIN @ I
Y [Cmrseoﬁ!thg]wdwFaﬂltyFaultle dbo. [Course Offering].FacultyID INNER JOIN =
@ [ Replication Ahn Couwee ON dha [Cauwce Nfforinal Cruwealn — dhn Cruwrce CosweslN
@ 3 Management < il | L4
@ [ SQL Server Agent ]
« m ] )
K 4o ofo | b M bu |@ | ‘\
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« Click the x at the top right of the design window to close the view, click Yes to save it,
typing in a name on the next window.

Enter a name for the view:

The view has now been saved.

File Edit View Erojeﬁﬂebug Jools Window Community Help
D NewQuery | [y | D 5 | |5 W 5 | E o

Comnect- 8} #3 w T F] B
© [ (local) (SQL Server 10.50.1600 - Rex-DS31\Rex)
= [ Databases

@ [ System Databases

@ (L3 Database Snapshots

@ [J Orderitem

@ [J SQLsvrLogs

& [J University

@ (3 Database Diagrams

(3 Tables
& (3 Views
) (3 System Views

@ (3 Synonyms
@ (3 Programmability
(3 Service Broker
@ [ Storage
@ [ Security

@ [ Security

@[3 Server Objects

@ [ Replication

@ (3 Management

@ [B SQL Server Agent

Ready

To run the query, open the Views tab in the University database and double-click the
view to be used to run the query.

7.9 MANUAL QUERIES AND EDITS

SQL Server Management Studio makes it easy to manually view or update rows in
a table.

« To manually see rows in the Course Enrollment table, expand the Tables option
in the University database, right-click Course Enrollment, and click on “Select top
1000 rows.”
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Elle Edit View Query Project Debug Tools Window Community Help
i NewQuey | BB B DL FEHS E
F27 R | master

<] texecte ) ® v 33 E(H] "B REEDIS SIFFIS,
LQuery19.5ql -..ex-D531\Rex (54))
ll""**" Script for SelectTopNRows command from SSMS *wx#ww/
[ SELECT TOP 1000 [CourseID]
, [SectionID]
, [StudentID]
, [EnrollmentStatus]
, [DateEnrolled]
, [MidTermGrade]

Connect~ @7 4’ w 7
® Database Diagrams
=] Tables
System Tables
@ [ dbo.Assignment
@ [ dbo.Course

@ 3 dbo.Course Enroliment
@ I dbo.Course Offering

@ = dbo.Course Prerequisite
@ [ dbo.Curriculum

, [FinalGrade]

, [Assignmentl]
, [Assignment2]
» [Assignment3]

, [Assignment4]
, [Assignment5]

P

| 3 Resuts [ ossages|
CourselD i D
@ [ dbo.School NN2 2 20170101
@ [ dbo.Student Acct100  NN2 20170101
@ [ dbo.Student Transcript CIS130 N1 20170102
@ O Views CIs130  NN1 20170101
& (@ Synonyms CIS130  NN1 2017-0202
@ [ Programmability
® Service Broker
@ @ Storage
@ [ Security
@ [ Security
@ [ Server Objects

@ [ dbo.Curriculum Course

@ [ dbo.Curriculum Job Classification
@ 3 dbo.Degree

@ [ dbo.Department

@ [ dbo.Faculty

@ [ dboJob Classification

o To further qualify the query, scroll down the top-right pane to see all of the SQL code
for the query.

7 ug Tools Window Community Help

(B Newquey |y BB B D |6 HS &

i T | master - ¥ Becte b B v 15 |5 % | G|
_SQLQuery19.sql -..ex-D531\Rex (54)) |

, [Assignmentl5]
, [Assignment16]
FROM [University]. [dbo]. [Course Enrollment])

EXIEY

Connect~ # %2 m T f

® Database Diagrams

=] Tables
@ [ System Tables
@ [ dbo.Assignment
@ [ dbo.Course
@ [ dbo.Course Enroliment
@ I dbo.Course Offering
@ = dbo.Course Prerequisite
@ [ dbo.Curriculum
@ = dbo.Curriculum Course
@ 3 dbo.Curriculum Job Classification
@ [ dbo.Degree
@ [ dbo.Department
@ = dbo.Faculty
@ [ dboJob Classification
= dbo.School
@ [ dbo.Student
@ [ dbo.Student Transcript

@ [l Views

& [ Synonyms

@ [ Programmability

@ [ Service Broker

[ Storage

) [ Security

@ [ Security
@ Server Objects

20170101
20170101
20170102
20170101
20170202




206 m A Practical Guide to Database Design

« To see only student for CIS130, add “where CourseID = ‘CIS130™ to the SQL code,
then click the “! Execute” button at the top of the window.

File Edit View Query Project Debug Tools Window Community Help

(B Newquey | B BEB0 FEHS E
F2 | master - |[BEsane] > = v 35 @[E] % QEEDIS 2 EE (S,
_~5QLQuery19.sql - .x-D531\Rex (54))*
Connect #3 % w 7 & , [Assignment15]

, [Assignmentl16]
FROM [University]. [dbo]. [Course Enrollment]
where CourseID = 'CIS130'

@ [ Database Diagrams
=] Tables
@ [ System Tables
@ [ dbo.Assignment
@ [ dbo.Course
@ O dbo.Course Enrollment
@ 3 dbo.Course Offering
@ = dbo.Course Prerequisite
@ = dbo.Curriculum
@ 3 dbo.Curriculum Course
@ [ dbo.Curriculum Job Classification
@ [ dbo.Degree <«
@ I dbo.Department
@ 3 dbo.Faculty = Resuts Messages
@ 3 dboJob Classification CourselD _SectionlD DateEs
@ [ dbo.School 1 NN1 . 20170102
@ [ dbo.Student 2 CIS130 NN i 20170101
@ [ dbo.Student Transcript 3 CIS130 NN1 i 20170202
& [ Views
@ [ Synonyms
® Programmability
® Service Broker
® Storage
@ [ Security
& [ Security
@ Server Objects

File Edit View Project Debug QueryDesigner Tools Window Community Help
0 NewQuey | O | B B (B |5 W 3 [
() @ @[] changeType- | ¢ | (= | t2 i

-D531.Univers...Course Enrollment| - X

Connect~ 47 83 w v | i
@ [ Database Diagrams A NN2 Stud1234 Active 2017-01-01 95
© [ Tables NN2 Stud2345 Active 2017-01-01
[ System Tables NN1 Stud1234 Active 2017-01-02
Active
Active
n

@ g :::‘2"@""‘"" CI5130 N1 Stud2345 2017-01-01
@ ourse 2017-02-02

@ @ dbo.Course Enrollment
@ I dbo.Course Offering * M Lo Lo
@ I dbo.Course Prerequisite
@ O dbo.Curriculum
@ 3 dbo.Curriculum Course
@ [ dbo.Curriculum Job Classification
@ 3 dbo.Degree
@ = dbo.Department
@ 2 dbo.Faculty
@ = dboJob Classification
@ 3 dbo.School
@ [ dbo.Student
@ I dbo.Student Transcript
@ [ Views
@ 2 Synonyms
@ (3 Programmability
@ (3 Service Broker
@ [ Storage

S Secuy R Pe—— ,

@ (3 Security -
@ (3 Server Objects M ]2 ofs| > M@

CIS130 NN1 Stud3456

§8$38

{
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All of the columns in the display are editable. Change individual entries as needed, and
click the x at the top right of the pane to close the table.

For more complex edits, create a view of the target table selecting columns of interest
and qualifying the view if necessary to select rows of interest. Save the view, then select it
by name, right-click, and select “Edit top 200 rows.”

710 USING STORED PROCEDURES

A Stored Procedure is a collection of SQL statements that are compiled and stored in
the RDBMS. When executed, it will typically perform a predefined set of updates to the
database.

Stored Procedures are an ideal place to store repeatable application logic. Developers are
removed from having to deal with the logic or rules embedded within the procedure and
simply call/invoke it by name when needed.

As one example, in the SQLSvrLogs database, when new WarningRecords and
ErrorRecords rows are imported, the tracking flags in each are null (have no value).
A Stored Procedure is needed to initialize those flags to “0.”

To create this Stored Procedure, expand the database and Programmability options,
select Stored Procedure, and right-click on New Stored Procedure.

File Edit View Query Project Debug Tools Window Community Help

D Newauey |3 BB DD SHS Ey

£ 4 3 | sQLsviLogs v 9 Eecte b ® v 55 @[] % QRED S 2 FE(S
Object Explorer ~ & X|[ 5QlQuery20.sql -.ex-D531\Rex (56))| REX-D531.Univers..CourseEnrollment - x
Connect- ) % m ¥ & ak-

-- Template generated from Template Explorer using:
-- Create Procedure (New Menu).SQL

= [ (local) (SQL Server10.50.1600 - Rex-D531\Rex)
= [3 Databases
3 System Databases

>

-- Use the Specify Values for Template Parameters

E? Database Snapshots -- command (Ctrl-Shift-M) to fill in the parameter
|J Orderltem -- values below. E
= [J SQLSvrLogs = 1
(3 Database Diagrams -- This block of comments will not be included in
3 Tables -- the definition of the procedure.
@ 3 Views =
@ 3 Synonyms = SET ANSI_NULLS ON
= 3 Programmability GO
[ NG e et SET QUOTED_IDENTIFIER ON
(3 Functions Go
g--

(3 Database Triggers
(L3 Assemblies
(3 Types
(3 Rules
(3 Defaults .
(3 Plan Guides

[ Service Broker

-- Author: <Author, ,Name>
-- Create date: <Create Date,,>
-- Description: <Description,,>

(£ CREATE PROCEDURE <Procedure_Name, sysname, ProcedureName>
-- Add the parameters for the stored procedure here
<@Paraml, sysname, @pl> <Datatype_For_ Paraml, , int>

<Default_Value

® l;] Storage <@Param2, sysname, @p2> <Datatype_For Param2, , int> = <Default_Value
(3 Security as
= |J University BEGIN -
{3 Database Diagrams CTT AMACATATT AM aSAAd e evame Avevn eamede maen oo
= < 1 | »
3 Tables
@ C@ Views + || 3 Connected. (1/1) | (tocal) (10.50 RTM) | Rex-DS31\Rex (56) | SQLSvrLogs | 00:00:00 | 0 rows

Ready Lnl Coll Chl INS
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A template opens to enter the code for the Stored Procedure. Note the green blocks for
comments and blue lines for SQL statements.

SQL code to initialize the tracking flags appears in the next window. Note the where
qualifiers which limit the updates to only new rows which have null values by default.

2 Mi )l er Management Studio
File Edit View Query Project Debug Tools Window Community Help
F D Newauen | Oy | BB DID S H S| E

£47 %3 | sQusviLogs v Eecute b ® v 35 E[C] 30 W QEE S 2 | FE(N
Object Explorer ~ & X|| 5QLQuery23:sql - .x-D531\Rex (63))* | _ SQLQuery22.5q] -...ex-D531\Rex (61)) s x
Connect~ #3 1’ m 7 Y USE [SQLSvrLogs])
> co =l
& (B (local) (SQL Server10.501600 - Rex-DS31\Re) /*wwxwx Object: StoredProcedure [dbo].[InitializeFlags] Script Date: 08/15/2017
& (3 Databases SET ANSI_NULLS ON
3 System Databases Go -
(33 Database Snapshots SET QUOTED_IDENTIFIER ON
|J Orderitem GO
= |J SQLSvrLogs () CREATE PROCEDURE [dbo].[InitializeFlags]
(23 Database Diagrams E
@ 3 Tables as
3 Views E BEGIN
[3 Synonyms update SQLSvrLogs.dbo.WarningRecords set Reviewed = 0 where Reviewed is
© £ Programmability update SQLSvrLogs.dbo.WarningRecords set Pending = 0 where Pending is N
= [ Stored Procedures update SQLSvrLogs.dbo.WarningRecords set Resolved = 0 where Resolved
@ [ System Stored Procedures update SQLSvrLogs.dbo.ErrorRecords set Reviewed = 0 where Reviewed is
® [ dbolnitializeFlags update SQLSvrLogs.dbo.ErrorRecords set Pending = 0 where Pending is N El
@ £ Functions update SQLSvrLogs.dbo.ErrorRecords set Resolved = 0 where Resolved is Null;
(L3 Database Triggers
@ [ Assemblies 4 ESD
@ (3 Types
3 Rules
@ 3 Defaults
@ [ Plan Guides
@ [ Service Broker
[ Storage
[j.Seu_me <[ m | »
= [J University
£ Database Diagrams ~ || ®3 Connected. (1/1) | Glocal) (1050 RTM) | Rex-D531\Rex (63) | SQLSvrLogs | 00:00:00 | 0 rows
Ready Ln1l Col6 Ch6 INS

After adding the SQL code, click the “! Execute” button to run the code and create the
Stored Procedure.

To make changes to a Stored Procedure, use the database/Programmability/Stored
Procedure sequence to show a list of all Stored Procedures, select the one to be updated,
right-click, and choose Modify.

A window will open showing the original code in a “Modify Procedure” block. Make
changes as needed, then click “! Execute” to run the code to modify the logic.

711 USING SQL SERVER AGENT

SQL Server Agent is a component of SQL Server that allows DBAs to create and schedule
jobs, including the details of each step within a job. To add a job, start (if necessary) open
SQL Server Agent, select Jobs, right-click, and click on New Job.




Using SQL Server m 209

[¥] Enabled

Connection:
Rex-D531\Rex

« Enter the job name and select a Category, then select Steps to add details of specific
actions to take.

‘s""“ﬁ o S scrpt ~ [ Heb
SE
g Job step list:
§ ot S Name Type On Success_On Failre
& Targets
Connection
Server:
(ocal)
Connection:
RexD531\Rex
99 View connection properties:
Progress Mweiep: Start step: — o
Ready (*]#] ( =
New... ( sert o ] (Do

Note the buttons to move the sequence of tasks within a job. There are also options to

specify the action to take when the step completes successfully or if it fails.

Jobs are often used to

o Schedule a backup of the database.

o Automatically import new files into tables.

o Generate daily reports.
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If connected to the Internet, run maintenance checks and send alerts to DBAs when
appropriate.

Rebuild indexes to conserve on space.

As an example, at one point in time I had the responsibility of monitoring an SQL
Server instance at a remote location. To verify SQL Server was continually running,
I created a task that periodically did an export of a small table to a file, which in turn
was ftp'ed to a server used to monitor the status of system components. The date/time
of the exported file was used to verify SQL Server was running at that day and time.

The SQL Server Agent has a manual interface to Error Logs to view the current log or older
logs that have archived.
Note also that the system services for SQL Server and for SQL Server Agent are
independently managed, although of course the SQL Server service must be started first.
Although the SQL Server Management Studio gives the DBA a powerful, easy-to-use
interface for defining and managing databases and for performing maintenance tasks,
additional software tools are needed to provide user interfaces needed by users.

Chapter 9 shows how Microsoft Access can be used as a GUI to provide application
functionality, using links to SQL Server tables.

For more sophisticated applications, Chapter 11 shows how to use PHP to create a
web-based interface to an SQL Server database.

QUESTIONS

1.
2.

Explain the difference between a RDMS and a relational database.

When doing hardware planning for an SQL Server database, what type of files must
be planned for and mapped to disk drives(s)?

. If you installed SQL Server on a laptop, how would you configure the database files

mentioned in #2?

. If you installed SQL Server on a desktop computer with two disk drives, how would

you configure/store the database files mentioned in #2?

. If you installed SQL Server on a server with RAID 5 disk drives, how would you con-

figure/store the database files mentioned in #2?

. When configuring an SQL Server Database Backup, you can choose to overwrite or

append the new backup to the output file. Which would you choose and why? What
are the ramifications of this decision regarding recoverability options?

7. When creating a new table, how is the primary key identified?

8.

When creating a table, when is the “Allow null” option selected for a column?



10.
11.
12.
13.
14.
15.
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. When creating a table whose key column is an ever-increasing numeric value, how is

that column defined when it is created?

When defining a column in a table, how can an index be created on that column?
When creating tables for a new database, when are indexes automatically created?
What steps must be taken to create a View of three linked tables in a database?
When defining an index on a column, does that index have to be unique?

What is the significance of a “Clustered Index”?

What does it mean to rebuild an index? When is that done?
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CHAPTER 8

Using Perl to Extract
and Load Data

8.1 WHY PERL?

After moving into the Intelligence Community and beginning to support Intelligence
Analysts, it did not take long before users needed to find and extract specific types of data

strings that were embedded within a collection of files or documents.

This began with finding and extracting phone numbers found within each file. By
using Perl, you can, for example, search for data strings such as “nnn-nnnn” (three
digits, followed by a dash, followed by four more digits) by specifying a pattern search
“s/(\d\d\d-\d\d\d\d)/.” In this pattern, the “\d” specification calls for a match of any
numeric character. If the phone numbers include area codes, the search pattern would
be “s/(\d\d\d-\d\d\d-\d\d\d\d)/.”

Date strings were also important and can appear in various ways. Perl can be used to
find and modify them when necessary to conform to a local standard. For example, a date
string with the format “yyyy-mm-dd” can be changed to “mm/dd/yyyy” using the follow-
ing search string:

“s/ (\d{4}) - (\d{1,2})-(\a{1,2})/$2\/$3\/$1/"
Let us analyze each element in detail.

« The “(” and “)” characters bound/identify a single search element.
o The (\d{4}) string specifies exactly four numerical digits.

o The (\d{1,2}) strings specify numeric strings either one or two digits long.

213
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So, the above-mentioned specifications within the first two “/” delimiters can be read
as “four numeric digits followed by a -’ followed by one or two digits followed by a
dash followed by one or two more digits.”

The “()” pairs delimit unique string variables. In the above, the first ($1) represents
the year, the second ($2) the month, and the third ($3). Used in this context, it allows
changing the order of the string variables found between the original and the modi-
fied output.

This “s” syntax can be read as “change yyyy-mm-dd to mm/dd/yyyy.”

In general, then, Perl scripts are used to search files and identify records that have char-
acter strings that match specific patterns. When found, that record is typically bro-
ken down into substrings, and records are written to an output file using the character
strings found.

A typical application would be to analyze log records for a computer or database. Search

patterns are created to identify/classify log records with information, warnings, or errors,
decomposing those records, and writing these records to informational, warning, or error
output files. When finished, those output files can then be reviewed by an administrator or
database administrator (DBA) to determine the general health of the system being moni-
tored and to identify any corrective action necessary.

Search patterns can also be used to identify:

« Variations of date and time expressions.

« Phone numbers and zip codes.

+ Records that contain any of a number of search terms of interest.

When a record is found that matches some search pattern, Perl has numerous functions
that support decomposing records/input strings and analyzing its contents.! The more use-

ful include:

split—to decompose a string into subfields based on a common field delimiter (often
tabs, commas, or spaces).

substr—to create a substring of a record beginning at a specified offset and length.
length—find the length of a character string.

index—find the location in a string where a substring begins.

chomp—remove line separators between records in an input file.

while—identifies the start of a series of commands. Used after opening a file, it identi-
fies the start of logic on how to treat/process records in the file.
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u C:\Users\rex_h\Documents\Book\SearchForTerms.prl - Notepad++ - o X
File Edit Search View Encoding Language Settings Macro Run Plugins Window ? X
cAHE R GR i Mhio2ec g 2 BB |H1 R DN B
[ SearchForTerms pd E3

1 $#sample program to scan file for a list of matching terms; A

2 $write records with matches to an output file for later import to a database

3 %

4 use TIME::Local;

5 #open the file containing a list of terms of interest and load

6 #them into an array; offset for first row = 0

7 S$infile = "mysearchterms.txt";

8 open (IN, $infile) or die "Couldn't open input file $infile\n";

9 Sterms = 0;
10 while ($input = <IN>) {
11 chomp ($input) ;

12 $searchterms($i] = $input;
13 Snterms++;
14 }

15 close(IN);

16 S$set a flag for first output record

17 Smatch ="n";

18 $#identify the file to be searched

15 S$infile = "SystemLog.txt";

20 #identify the output file for records that match search terms
21 Soutfile = "Output/SystemLogMatches.txt";

22 $open and process the input file

23 open (IN, $infile) or die "Can't open input file $input\n";
24  Snum=0;

25 while ($input = <IN>) {

26 chomp ($input) ;

27 #this sample file contains non-printable characters; remove them

28 S$input =~ s/[\x7E-\xFF]//g;

29 Snum++;

30 for ($i=0; $i < S$nterms; S$Si++) {

31 if (Sinput =~ /$searchterms([$i]/) {

32 #found a match v
< >
Norm length: 1,381 lines: 47 Ln:1 Col:59 Sel:0]0 Windows (CRLF) UTF-8 INS

FIGURE 8.1  First part of script to search file based on search terms.

Seelines 10-14 in Figure 8.1 to see how a while loop is used to read all records in a file.

o if/then/else constructs to group logic to be used when specific search patterns are
found.

» s—the general substitute operator, for example, “s/aaa/bbb/g,” specifies changing the
string “aaa” to “bbb” whenever found.

 system—execute an operating system command. For example, it is frequently used
to execute a directory command to find the names of all files in a directory and write
those names to a file. That file in turn can then be opened in the Perl script to identify
and open files that need to be processed.

« sleep—pause the execution of a script for a specified time. This does not use any CPU
time and is used in a script that runs continuously to wait for a specified time before
continuing with the next cycle of checks/operations performed by the script.

o Arrays—a simple list accessed by index number.
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Arrays are simple but extremely useful. In the following example, an array is used to
store the contents of a file of search terms of interest to the user community associated
with a specific subject area. Those terms then form the basis for a scan of a collection
of log files, in which records containing any of these terms are written to an output
file. This output file would then be imported into a database for further review and
analysis.

As one possible application, users of Department of Defense computer systems are
prohibited from using government systems for illegal purposes/acts, for example, to
search the internet for pornography. By using this approach, system administrators
can create a file of terms typically associated with pornography and use that file as
input to scan new proxy log files to identify users doing internet searches using those
terms. The script can be set up to run every hour, with the files for search results
imported into a database for further review and analysis by system analysts.

Figure 8.1 shows the first part of a script to perform these operations, which is shown
in Appendix D.

o Lines 7-15 open the input file of search terms and load each line as one element
of the array.

o Next, lines 16-23 open the input file to be searched (in this case, a system log file).

o Lines 25-43 in Figure 8.2 show the logic for searching each record for a match of
a search term.

o Line 26 removes the record separator at the end of the first record.

o The file being analyzed is a log file containing nonprintable characters. Line 28
removes those characters from the input record.

o Lines 20-42 show how, for each record, the record is scanned for a matching
term. If a match is found, a record is written to an output file. Note the logic in
lines 35-42 that opens the output file the first time a match is found.

In practice, the output file would then be imported into a database. Analysts would
then review what was found to see what, if any, further actions are necessary.

As another example, Oracle Database Administrators can use this approach to
constantly monitor Oracle database logs for informational, warning, and error
conditions that are of interest.

o First, they would create three different files of search terms, each containing the
Oracle message number/label of interest for that condition/state.

o When started, the script would read each set of search terms into different arrays.

 Next, the script would open and read the Oracle log file, searching for log records
with a date-time stamp that is more current from the last time the script was run.
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[3 C:\Users\rex_h\Documents\Book\SearchForTerms.prl - Notepad++ - a X

File Edit Search View Encoding Language Settings Macro Run Plugins Window 2 X
cHHRERGA|IsaD|ee oy *%BE|S1 ERFRe® | @D NBE
BSeat:hForTa-rnspdEi]

16 $set a flag for first output record ~
17 Smatch ="n";

18 #identify the file to be searched

15 S$infile = "SystemLog.txt";

20 #identify the output file for records that match search terms

21 Soutfile = "Output/SystemLogMatches.txt";

22 fopen and process the input file

23 open (IN, $infile) or die "Can't open input file $input\n";

24  S$num=0;

25 while ($input = <IN>) {

26 chomp ($input) ;

27 #this sample file contains non-printable characters; remove them
28 Sinput =~ s/[\x7E-\xFF1//g;

29 Snum++;

30 for ($i=0; $i < Snterms; S$i++) {

31 if ($input =~ /$searchterms([$i]/) {

32 #found a match

33 print "Match on $searchterms([$i] in $input\n";

34 f#open output file on first match

35 if (Smatch eq "n") {

36 open (OUT, ">$outfile") or die "Can't open output file $outfile\n
37 $match = "y";

38 }

39 $message = "Found $searchterms[$i] in $input";

40 print (OUT "$message\n");

41 }

42 }

43  }

44 close (IN);
45 close (OUT) ;

46
47 v
< >
Norm length: 1,381 lines: 47 Ln:12 Col:29 Sel:0|0 Windows (CRLF)  UTF-8 INS

FIGURE 8.2 Second part of script to search file based on search terms.

« When a new log record is found, it would be checked against each of the three
arrays of search terms, with any matches written to an associated output file. Note
that the name of the output file would contain an element identifying when the
file was created.

o The script would save the most recent date-time stamp from the log file for use
on the next cycle.

o The script would then sleep for a designated time frame (e.g., 30 min) before run-
ning again.

This script would run continuously, and at the end of each cycle, the files of search
results would be moved to a directory to be reviewed by DBAs monitoring the data-
base system’s overall health.

« Hashes (associative arrays)—a hash is an array using an index to store a value. Hash
variables provide extremely fast access in searching the array for values associated
with the key term.
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They are extremely useful when searching files for records that contain a match for
some term in a predefined list. Terms of interest are first loaded into a hash when the
script starts. Next, when a new record is read and broken into substrings, each sub-
string can be compared to the indexed hash to one if there is a match.

time, localtime—get the current date and time.

A “” is used to concatenate two character strings, for example, $newstring
= $stringl. $string2.

int—a function used to return the integer portion of a variable or calculation.

%—a modulus operator to find the difference between to integers. I have often used this
to make decisions on the basis of the current time stamp when an operation begins.

For example, assume an environment where one server acts as a file collection system
that receives files and then pass them off to one of three servers for detailed analysis/
processing. Let us also assume Serverl and Server2 have half the processing capabil-
ity of Server3. Let us look at how % can be used to evenly distribute the workload
across these three servers.

o First, get the current time and set a variable to the current value of the minute, $min.

o Next, compute the value of a variable based on a modulus of four by computing
“$val = $min % 4;”. As a result, the value of $val will vary from 0 to 3, that is,

if Smin = 1, $min % 4 will equal 1;
if Smin = 2, S$min % 4 will equal 2;
if Smin = 3, $Smin % 4 will equal 3;
if Smin = 4, $min % 4 will equal 0;
if Smin = 5, $min % 5 will equal 1; and so on.

Note that by using a modulus of 4, each value of $val will occur 25% of the time.
The value of $val, therefore, can be used to invoke logic blocks that will be acti-
vated 25% of the time, based on the clock time when the logic starts. By using this
approach, files can be forwarded using this logic:

Sval = Smin % 4;

if ($val == 1) {

<commands to ftp/sftp files to Serverls
}

elseif (Sval == 2) {

<commands to ftp/sftp files to Server2s>
}

elseif (Sval == 3) {

<commands to ftp/sftp files to Server3s

}
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elseif (Sval == 0) {
<commands to ftp/sftp files to Server3>

}

Note also that because Server3 is twice as powerful as the other two, it will receive
files 50% of the time, and each of the other servers receives files 25% of the time.

8.2 PERL VERSUS PYTHON

As much as I love Perl, Python has recently evolved as an equivalent software product.
I have experimented with Python and see some advantages, but the two products have the
same general functionality and capabilities.

Python uses and recognizes tabs as part of the logic to identify and manage the begin-
ning and end of logical operations.

Perl takes roughly twice as much code to produce the same result, but a Perl script is
totally readable; “what you see is what you get.” Not having to worry about tab indenta-
tions make Perl scripts so much more readable and manageable, especially when you have
inherited scripts written by someone else.

8.3 WINDOWS VERSUS UNIX

Perl software is free and runs on both Windows and Unix platforms.

For Windows, the ActivePerl project provides a commercial-grade community distribu-
tion which can be downloaded for both 32- and 64-bit computers. For Unix, Perl comes
preinstalled on essentially all Unix operating systems.

Scripts written in Perl can run somewhat transparently between Windows and Unix
computers.

o Scripts often must invoke system (operating system) commands. Those are of course
different between Windows and Unix.

o Ifthescriptinterrogates directories to find and process files, the most significant changes
involve dealing with the separator variables when interrogating/using a directory path.
Unix directory paths use “/” separators, whereas Windows uses “\” characters.

As an example, assume the user Analyst has a Documents directory that in turn contains an
“InputFiles” directory. Our script needs to identify all files within the InputFiles directory
and open and process each. Let us look at the code necessary to find and open each file.

For Unix, the script would first issue a command to create a file that contains the names
of all files found there. The Perl commands would be

#create a variable identifying the directory to be checked
$chkdir = “/home/Analyst/Documents/InputFiles”;

#create a file containing a list of all files in that directory
# and write the files found to a file named “filelist”
#..first, create the command to be executed
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Scmd = “Is $chkdir > filelist”;
#next, invoke that command to create filenames
system ($cmd) ;
#now open the list of files to be processed
Sinputfile = filelist;
open (LIST, s$inputfile) or die “Can’t open file list
Sinputfile\n”;
while ($files = <LIST>) {
chomp ($files);
#create a variable with the name of the file to be opened
# by concatenating the directory name and the file name
Sfilenames = “Schkdir” . “$files”;
#open and process that file
open (IN, $filenames) or die “Can’t open input file
Sfilenames\n”;
while ($input = <IN>) {
chomp ($input) ;

}
close (IN);

}

close (LIST);

This script can be modified to run in Windows with minimal changes.

o First, the details of the directory path must be modified using “\” separators. Using

the Unix naming convention shown earlier, the directory would be “\home\Analyst\
Documents\InputFiles;” using Windows naming conventions modifies the directory
name to “\Users\Analyst\Documents\InputFiles.”

Next, a Perl variable set to “\Users\Analyst\Documents\InputFiles” would not work
as is because the “\” character has a special meaning in Perl and is ignored as an input
character/value. The “\” tells Perl to treat the next character in the string as is and to
ignore any special meaning associated with it.

For example, to use a “?” as part of a search pattern, we would use “\$” in that pat-
tern to specify the use of the $ as a character. Otherwise, Perl treats the $ as a meta-
character specitying the end of a string.!

To tell Perl we want to treat the “\” as a character value and not as a meta-character,
we change the string to include two “\\” characters:

“\Users\\Analyst\\Documents\\InputFiles.”

In addition, the command to list files in a directory must be changed from the Unix
“Is” to the DOS equivant “dir”.
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As a result, the Windows version of this script is

#create a variable identifying the directory to be checked
Schkdir “\\Users\\2Analyst\\Documents\\InputFiles”;
#create a file containing a list of all files in that directory
# and write the files found to a file named “filelist”
#..first, create the command to be executed
Scmd = “dir Schkdir > filelist”;
#inext, invoke that command to create filenames
system ($Scmd) ;
#now open the list of files to be processed
Sinputfile = filelist;
open (LIST, S$inputfile) or die “Can’t open file list S$inputfile\n”;
while ($files = <LIST>) {
chomp (sfiles);
#create a variable with the name of the file to be opened
# by concatenating the directory name and the file name
Sfilenames = “$chkdir” . “$files”;
#open and process that file
open (IN, $filenames) or die “Can'’'t open input file $filenames\n”;
while ($input = <IN>) ({
chomp ($input) ;

!
close (IN);

}

close (LIST);

I have rarely had to move/migrate scripts between Unix and Windows. However, the fact
that Perl scripts are 98% portable made it much easier and faster to develop new applica-
tions or services by reusing sophisticated logic regardless of the computer platform.

8.4 REVIEW KEY MATCHING FEATURES

In the previous sections, we have seen examples of Perl scripts to identify and open filesin a
directory that are ready for processing as well as scripts to search the contents of these files
for a specific set of terms. Now, let us review some of the more advanced search patterns
that can be used. In each case, assume the script has opened and is processing an input file

read as $record.
To search log records for records beginning with “Error™

#read “if record begins with “Error”
if (Srecord =~ /“Error/) {
#additional logic on what to do

}
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To search records for a phone number using a pattern of “nnn-nnn-nnnn”
Option 1:
#note multiple patterns of [0-9] (specifies any character from

0 to 9)
#with - delimiters

if ($record =~ /[0-9][0-9]1[0-9]-[0-9][0-9][0-9]1-[0-9][0-9][0-9]
[0-91/) {
#additional logic on what to do
}
Option 2:

#note (\d{3}) calls for 3 consecutive digits
if (Srecord =~ /(\d{3})-(\d{3})-N\d{a)/) {

#additional logic on what to do

}

To search records for a time pattern of “nn:nn AM”™:

#note the first pattern calls for either one or two digits
if (Srecord =~ /(\d{1,2}):(\da{2}) am/) {

#additional logic on what to do

}

8.5 MONITOR SQL SERVER LOGS

Now let us take a look at a Perl script that can be used to continually monitor Structured
Query Language (SQL) Server log files. First, let us review some basic information about

the SQL Server log files.

 Note that SQL Server error messages are much simpler than Oracle log files, classify-

ing each message as informational, warning, or error messages.

SQL Server logs are installation specific. In this example, they were installed by default
in the C:\Windows\Program Files\Microsoft SQL Server\MSSQL\Log directory.

The simplest way to monitor the system is to continually monitor changes in the
SQLAGENT.OUT file in SQL Server’s Log directory. In this file, informational mes-
sages contain a “?” character, warning messages contain a “?”

«)»

, and error messages
contain an

The following Perl script (shown in Appendix E) opens the SQLAGENT file and
scans for informational, warning, and error messages. When found, they are writ-
ten to a corresponding output file. At the end of the check cycle, the script pauses
for 30 min and repeats the checks. Note that each output file includes a date/time
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stamp as part of the name to separate the information being generated from each

cycle. At some appropriate time interval, all output files would be moved to a direc-
tory used by DBA’s to monitor the database’s status. Typically, another Perl script
would run continuously in parallel to check for new files associated with error mes-
sages and display a white on red status message to alert DBA’s to review new files for
the latest error messages/updates.

Let us analyze this script in detail, starting with Figure 8.3.

Line 5 defines a variable for the location of the SQL Server SQLAGENT file.

Line 7 sets a user variable for the time delay between log checks. Here, it is set to
30 min, with the associated number of seconds computed in line 9.

Line 9 determines the point at which the logic repeats with the next cycle.

Lines 10-12 set flags for each class of output file; these flags control the opening of
each class of file when the first record for each is found.

Line 13 gets the current date and time information. A date-time variable is

« »

extracted in line 15 to make them usable as part of a file name; spaces and
characters are altered in lines 17 and 18.

The log file is opened in line 20, and the cyclical check of the log records begins
with line 21.

Line 22 removes the line separators in the record.
Line 23 removes all unprintable characters.
Lines 23-27 extract the date-time string from the last non-blank record.

In line 29, the date-time string is compared with the last date-time string from
the previous check. If the current record has a date-time string with a lower value,
it has already been checked and can be ignored.

Lines 31-41 show the logic for handling informational records (i.e., those con-
taining the “?” character).

Lines 32-37 show the logic executed the first time an informational record is
found in this check cycle. The file name is created embedding the date-time vari-
able set in lines 14-19, the file is opened, and the log record written to it.

In lines 38-40, if the output file is already open, the log record is written to it.

Figure 8.3 shows the remaining part of the script with logic for warning and error log
records.

Lines 42-52 duplicate the logic for lines 31-41 modified as needed to handle
warning records identified with a “+” character. Note the use of the $warn vari-
able to control the warning output file.
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[&f C:\Users\rex_h\Documents\Book\SQLServerLogCheck.prl - Notepad++ - m} X

File Edit Search View Encoding Language Settings Macro Run Plugins Window 2 X
cHHERGa| s abh|ae/ny x| BE(T1 ERFRe® @ED®EG

[ SQLServerLogCheck pr E3

1 $Sample program to review, extract SQL Server log records ~
2 ¢

3 use TIME::Local;

4 #note the "\\" useage

5 $infile = "C:\\Program Files\\Microsoft SQL Server\\MSSQL11.MSSQLSERVER12\\MSSQL\\1log\\SQLAGENT.OUT"

6 $num = 0;

7 $mindelay = 30; $set the time delay between checks in minutes

8 $delay = 60 * $mindelay; #compute the number of seconds for the time delay

S START_CHECK:

10 $info = "n";

11 $warn = "n";

12 $erxr = "n";

13 $time = localtime(time());

14 #extract the date and time

1s $datetime = substr($time,4,612);

16 #change spaces and : in datetime for use in filename
17 $datetime =~ s/ /_/gi

18 $datetime =~ s8/:/-/;

19 $open and check SQL Server log for messages

20 open (IN, "$infile") or die "Couldn't cpen SQL Server Log File $infile\n";
21 while ($input = <IN>) {

22 chomp ($input) ;

23 $input =~ s/[\x00-\x1F\x7E-\xFF]//g; #remove nonprintable characters

24 $§extract date time stamp from message record (ignoring blank lines)

25 if (length($input) > 0) {

26 $currdts = substr($input, 0, 19);

27 }

28 $compare timestamp to last d; only p later d.

29 if (Scurrdts le $lastdts) {next};

30 #check for information, warning, and error messages

31 if (sinput =~ /\?2/) { #info record found

32z if ($info eq "n" ) { #first record..open ocutput file

33 $info = "y"; $reset flag with first record found

34 $infofile = "Monitor\\Information_ " . $datetime . "_Records";

35 open (INFO, ">$infofile") or die "Can't open ocutput file $info";

36 print INFO “"$input\n";

37 }

38 else {

39 print INFO "$input\n";

40 }

41 } v
< >
Norm length:2,511 lines: 75 Ln:1 Col:45 Sel: 0|0 Windows (CRLF)  UTF-8 INS

FIGURE 8.3  First part of script to monitor SQL Server logs.

o Lines 53-63 duplicate the logic for lines 31-41 modified as needed to handle error
records identified with an “I”
controls the error output file.

character. As was done earlier, the $err variable

o After the file is checked, the last date-time string is saved in line 66. All files are
then closed in lines 67-70.

o Thelocal time is obtained in line 71 and used in the message generated by line 72.

 The sleep function invoked in line 73 temporarily halts all processing, and the
process sleeps until the specified time delay ends.

« Atthatpoint, the logic is redirected by line 74 to resume processing at the START_
CHECK label at line 9.

Note that this process will loop/continuously process until manually interrupted/
canceled.
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8.6 MONITORING WINDOWS LOGS

To monitor Windows logs, use the Windows Event Viewer to review the application, secu-
rity, and system log collections. In each, errors are labeled using “Information,” “Warning,”
and “Error” labels for each record. In most cases, simply reviewing the logs will provide
sufficient information regarding the system’s health.

To provide more of an in-depth analysis, Perl scripts can help by sifting through each
file and consolidating message for each type. To perform this type of analysis,

« Open the Event Viewer and open the “Windows Logs” label to display the types of
logs available for analysis. Note the Application, Security, and System labels.

o Select either the Application, Security, or System labels and note the list of log records
that have been created. In the right-most pane, select “Save all events as” to create an
external file containing these log records.

« Use the “Save as” browser window to navigate to the working directory in which
these logs are to be stored for analysis.

+ Next, change the “Save as type” to Text to create a tab-delimited text file using a file
name indicating the type of log records being used.

o 'The script shown in Figures 8.3 and 8.4 can be modified to review and summarize
these log records. These changes are fairly straight forward:

» Changeline 5 to indicate the directory path and name of the input file created earlier.

o This script will be used once after each log record extraction and not run con-
tinuously. As such, the date-time information is not needed, so the code in lines
25-29 and 71-74 can be commented out or deleted. Note that the $datetime vari-
able is still set for use when creating the name of the output file of log records.

o In line 31, change the specification for information records from “/\?/” to
“/Information/.”

« Similarly, in line 42, change “/\4+/” to “/Warning/,” and in line 53, change “/\!/” to
“/Error/.”

« Finally, modify the $infofile, $warnfile, and $errfile variables to include the names

“Application,” “Security,” or “System” based on the type of log file being analyzed.

 Repeat this process, changing the name of the input file and the $infofile, $warnfile,
and $errfile variables as appropriate.

These scripts are now ready for use. To analyze one or all of the Windows logs, use
Event Viewer to extract and save the records to be reviewed in a tab-delimited file,
then run the appropriate extraction script.
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[& C:\Users\rex_h\Documents\Book\SQLServerLogCheck.prl - Notepad++ [m] X
File Edit Search View Encoding Language Settings Macro Run Plugins Window 2 X
cHHER G|l sMBE|2eny 2% BEE |1 FEERu® | IEdBE
[ SQLServerLogCheck pd E3 I

35 open (INFO, ">$infofile") or die "Can't open ocutput file $info"; A

36 print INFO "$input\n";

37 }

38 else {

39 print INFO "$input\n";

40 }

41 }

42 if ($input =~ /\+/) { $warning record found

43 if ($warn eq "n" ) { #first record..open output file

44 $warn = "y"; $reset flag with first record found

45 $warnfile = "Monitor\\Warning " . $datetime . "_Records";

46 open (WARN, ">$warnfile") or die "Can't open cutput file $warn";

47 print WARN "$input\n";

48 }

43 else {

s0 print WARN "$input\n";

51 }

52 }

53 if ($input =~ /\!/) { #$error record found

54 if (Serr eq "n" ) { #first record..ocpen ocutput file

55 $err = "y"; $reset flag with first record found

56 $errfile = "Monitor\\Error_" . $datetime . "_Records";

57 open (ERR, ">$errfile”) or die "Can't ocpen output file $err";

58 print ERR "$input\n";

59 }

€0 else {

61 print ERR "$input\n";

62 }

63 }

64 )

€5 $save timestamp from last record processed for comparison with new cycle

66 $lastdts = $currdts;

67 close (IN);

68 close (INFO);

€9 close (WARN);

70 clese (ERR);

71  $now = localtime(time());

72 print "Sleeping at $now for $mindelay minutes\n";

73 sleep($delay);

74 goto START_CHECK;

75 b
< >
Norm length: 2,511 lines: 75 Ln:35 Col:46 Sel:0|0 Windows (CRLF)  UTF-8 INS

FIGURE 8.4 Second part of script to monitor SQL Server logs.

8.7 OTHER APPLICATIONS AND USES

In addition to the above, I have often used Perl to create various system monitors to con-

tinuously monitor the state of a system and/or its processes.

o When running on Unix, use system to invoke a “ps -ef|processname> checks”
command. This command identifies all running process, filters them for the name
processname, and write matches to a checks file. The checks file can then be opened
and reviewed to verify that processname is running. If not, an error message can be

displayed for corrective action.

o To verify that some host is alive and well, create and monitor a mechanism that cre-

ates a system heartbeat.

« This may be as simple as monitoring a directory for new files that are created

continuously.
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o IfSQL Server is running on that system, an agent can be created to periodically export
the contents of a small table. Checking the date and time stamp of the exported file
verifies that both the operating system and SQL Server are up and running.

o A Perl script can be written to create an output file each time run, then sleep for
a specified period and repeat the process. Monitoring the date and time stamp of the
output file confirms that the host and Perl script were active at that date and time.

« Next, a collection/monitoring script is needed to check the results of all monitor-
ing scripts running by either directly checking to output directories in which
these scripts run or by ftp/sftp-ing the results of these directories to a local direc-
tory. The monitoring script can then continuously check the health of a number
of remote systems without requiring an analyst/administrator to continuously
connect to each to perform a manual verification. When run on Unix, I always
reset the display to white on red to make the information stand out.

If this monitoring script runs on Windows, it can be made even easier to use by
not only displaying error messages when errors are found but also playing selected
Windows sounds to get the attention of the analyst/administrator running the system
checks. My personal favorites are the sound of glass breaking followed by a tinkling
sound. They get your attention!

o Perl scripts can easily monitor a directory for new files that have been created and
then take an appropriate action to forward or process the new files.

o The command-line option of Perl can be used for sophisticated editing of the file con-
tents, for example, to enforce consistency of formatting of date/time strings.

8.8 LOADING DATA INTO TABLES

Hopefully by now, you have an understanding of how easy it is to use Perl to extract

data from input file(s) and to create output files for analysis or review by analysts or
administrators.

In some cases, simply reviewing new files may be sufficient. For example, DBAs can
monitor an output directory for new files with warning and error messages regarding the
care and feeding of their databases. Monitoring newly created files for current events/con-
ditions will allow them to take whatever corrective action may be necessary. For example,
a tablespace may be running out of space and needs to be extended.

If, however, such monitoring identifies problem symptoms that need to be investigated,
these messages can be imported into a problem-tracking database and used by DBAs
to identify and track the status of error messages that are being reviewed/investigated.
A web-based interface for such a database is described in Chapter 11 to review and classify
error records as Reviewed (no further action necessary), Pending (currently under inves-
tigation/analysis), and Resolved (problem/issue has been resolved). Using this approach
requires importing the error messages captured into a database table.
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In other cases, incremental changes on what is being monitored is insufficient, and a
broader view of activity within the last day, week, or month is necessary to understand the
scope and nature of what is being monitored. In this case, the files of change records must
be imported into a database so that an analyst can query/review/summarize bulk activity to
assess what is happening. Perhaps the best example of this is in the monitoring of proxy log
files on government computer systems. Users of these systems know they are for official use
only and that their activity will be monitored. Those warnings are often insufficient to pre-
vent users from using government systems for other than official and/or authorized purposes.

For example, the script shown in Figures 8.1 and 8.2 can be used to build a monitoring
system for pornography.

o First, files associated with pornography can be loaded as a set of search terms.

« Next, new proxy log records are reviewed to identify any internet activity associated
with those terms.

« Finally, records that match one of these search terms can be imported into a
pornography table for analysts to review in detail. This normally invokes review
of all activity for a user over a period of time to identify real abuse versus a one-
time finger-check/error.

A web-based interface such as described in Chapter 11 can be created for analysts to
allow them to classify records as Reviewed (no further analysis required), Pending
(current records under review), and Reported (activity/records that have been
reported).

Fortunately, files created with Perl can be easily imported into a database.

o Files can be directly imported into Microsoft Access, most commonly using a tab or
comma delimited file as input.

o If using SQL Server, files can be imported into a table using SQL Server’s bcp
utility.

o Ifusing Oracle, files are imported using Oracle’s SQL*Loader utility.

Depending on the design and content of what is being monitored, the import function
may be totally sufficient to update the database. In a more sophisticated application, such
as monitoring and reporting on proxy log activity described in Chapter 11, newly imported
rows need status flags set accordingly. Those can easily be handled within the database as
part of import processing.

While the import processing is very straight forward, there are some subtleties that
must be checked.

 'The order of the data in the file to be imported will normally match the sequence of
columns in the table’s definition.
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Each row will normally have a key field/column embedded within the data record. In
some cases, rows are identified only by an ever-ascending row value which is incre-
mented automatically when new rows are imported.

Imported files are driven/controlled by delimiters that separate the strings represent-
ing different columns. Check carefully to ensure that the delimiters chosen for use
never appear within the character strings being imported.

In some cases, post-processing of data in new rows is necessary. For example,
in the proxy log monitoring discussed earlier, newly imported rows have null
values for the Reviewed/Pending/Reported columns which should all be set by a
database update to have N values, which flag new records that need to be reviewed
by analysts.

8.9 SUMMARY

I have spent most of my work life with a database-centric point of view. In my later years as
a developer of database systems, I have continually found user requirements that involved
finding data within files of all types and extracting it, transforming it into information
needed by the user community. Perl has been invaluable. Going forward, I would recom-
mend including Perl (or Python) in every developer’s tool bag.

QUESTIONS

1.

6.

What must be done to a PERL scripts being migrated from a UNIX to a Windows
platform?

. What are search patterns? What purpose do they serve?
. Describe a pattern that will detect a date in the format of “mm-dd-yyyy.”
. Show the PERL command to change a date string “mm-dd-yyyy” to “yyyy-mm-dd.”

. What is the purpose of the split command? Give an example of how it can

be used.

What is the purpose of the index operator? Give an example of how it can be used.

Refer to the PERL script shown in Figures 8.1 and 8.2.

7. What is the purpose of the $nterms variable?

8.

What is the purpose of the “if” test in lines 31-42?

9. What is the purpose of the $match variable?

10.

11.

What records are written to the Out file?

If you wanted to expand the search to include additional terms, what would you do?

Refer to the PERL script shown in Figures 8.3 and 8.4.
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12. In line 42, what is the purpose of the “\” character?
13. How are warning messages identified in the input file?
14. What are the output files produced when this script runs? Where are they stored?

15. What happens after the script runs and finishes searching for warning and error
records?
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CHAPTER 9

Building User Interfaces

9.1 MICROSOFT ACCESS IN A TYPICAL OFFICE ENVIRONMENT

As you might guess, the typical desktop environment for users in the Department of
Defense (DOD) as well as in the Intelligence Community includes the Microsoft Office
“Professional” or “Enterprise” software suite, which includes Microsoft Access. Yes,
Microsoft Access is a light-weight database engine with limited capability to handle com-
plex queries, but it is amazing how far you can push Access when that is all you have to

work with.

9.1.1 General Capabilities

As shown in Chapter 6, you can use Access to design, load, and query tables. In addi-
tion, Forms can be used to view or update subsets of data, and Reports can generate
output of complex queries.

Table links can be created to view and update tables residing in another database
running on the user network. Links can be created for tables managed by Microsoft
Access, Structured Query Language (SQL) Server, Oracle, and others.

Complex queries for an SQL Server or Oracle database can be created in Access and
classified as “Pass-Through” to forward the query directly the host database manage-
ment system (DBMS) for execution.

Very large Access databases can be supported by partitioning tables across multiple
databases based on, for example, date ranges contained within the table. The user
interface merely needs a filter to identify the data range of interest to the user, then
opening the specific table-hosting data for that time period.

Access contains embedded database administrator tools to shrink and repair the
database, reclaiming free space and restoring tables and indexes.

231
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9.1.2 Advantages

Microsoft Office is standard software in essentially all government offices, including
those in Intelligence Community and DOD.

It is easy to import data into tables from flat files, Excel, or other databases.

User functionality can be divided between a Data database having the core tables
needed by users and a second database serving as the graphical user interface (GUI)
to the data. The GUI would contain the query and update mechanisms and the Forms
and Reports needed by users; its tables simply be links to the physical tables residing
in the Data database. Each user would then be given a copy of the GUI database to
run on their workstation.

If/When necessary, a table can be manually viewed, sorted, and/or filtered to view
data of interest. Those rows can subsequently be updated or deleted as needed.

9.1.3 Disadvantages

Complex queries often require numerous work tables, queries, or macros to achieve
a specific result. From the database administrator perspective, documentation for the
design and functionality of the numerous components can prove difficult to write and
maintain.

Complex user displays can be difficult to create.

9.2 USE MICROSOFT ACCESS AS GUI

Microsoft Access can also be used simply as a GUI to view or update a database running

on the user’s network.

9.2.1 General Capabilities

An Access database can be created in which the tables section only contains links to
tables in another database.

Access can be used to generate Windows-based screens to view or modify those tables.

Pass-Through queries can be created to forward complex SQL queries to the database
host.

The GUI would be stored on each user’s desktop computer.

9.2.2 Advantages

Queries and Forms are normally quick and easy to design and test. Developers can
get immediate feedback from users from the effectiveness and usefulness of the pro-
totype being developed.

Access is preinstalled on all DOD and Intelligence Community computers.
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ODBC links can be easily created to access SQL Server or Oracle databases running
on the server.

More complex queries can be passed to the server using the “Pass-Through” option.
This passes the SQL for the query directly to the database on the server for interpreta-
tion and execution.

As stated earlier, tables can be manually viewed, sorted, and/or filtered to display data
of interest. These rows can then be updated or deleted as needed.

9.2.3 Disadvantages

9.3

Complex queries are difficult to support. Multiple simple queries can be tied together
to achieve a more complex result, but documenting the details of the design can be
difficult.

The GUI database must be installed on each user’s computer.

More complex user displays can be difficult to implement.

.NET FRAMEWORK

9.3.1

General Capabilities

Microsoft’s NET Framework can generate complex Windows display of options and
actions that can be performed.

These implementations are user aware and can respond to the cursor position and
mouse clicks.

The software components are object oriented and typically use object-oriented design
patterns.

The NET Framework is based on C++.

9.3.2 Advantages

The Windows displays built in a .NET Framework are very powerful. Very complex
windows can be displayed with action icons/buttons.

These tools can interoperate with other Windows-based tools. For example, a display
can be generated to interact with vendor software to monitor and control that ven-
dor’s surveillance cameras.

Object-oriented “Design Patterns” are quite beneficial.

For example, the “Template” approach is quite effective in creating mechanisms to control
different types of surveillance cameras. Essentially, all cameras require the same type of
agents to control camera functions (tilt, zoom, etc.), but individual agents would contain
the vendor-specific code to operate that type of camera.
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9.3.3 Disadvantages

9.4

The .NET Framework runs only on Microsoft Windows platforms.

NET implementations are totally dependent on the specific version of Microsoft
operating system and internals used to build them.

The .NET Framework and tools that run under it must be installed on each computer
to be used.

Development and support of NET Framework tools are very complex and are deeply
interwoven with Microsoft internals. In addition, they are difficult and complex to
maintain.

I found it difficult to update existing .NET-based tool because the behavior of the
application can be mouse- or cursor-sensitive in which the developer does not see the
code causing some result.

PHP

PHP is a widely used scripting language that can be used to develop web pages displaying
information and options to users. Chapter 11 describes the creation and use of a web page
to monitor database updates using PHP.

9.4.1 General Capabilities

Options in each web page/window represent active links the user can select to open
and process different web pages.

Each web page has HTML component(s) to manage the display of data and/or options
to the user and hidden code (invisible to web-based users) that check and act on
parameters passed to the web page when opened.

The hidden code can have embedded SQL statements to connect to, retrieve, and/or
update data from a database.

9.4.2 Advantages

Web pages built with PHP are independent of the operating system on client
computers.

Although hidden from users, the logic and SQL commands are seen in clear text by
developers and are easy to read and maintain.

PHP software can be downloaded at no cost.
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9.4.3 Disadvantages

o The setup for a PHP-based implementation is somewhat complex.
o It requires (of course) a web browser running on the host.

« Typically, data encryption of web traffic is required.

« PHP requires database drivers for the DBMS to be used.

o PHP must be set up and activated on the host before development can begin.

9.5 JAVA

I have personally never developed web pages with JAVA. I have, however, worked in a sup-
port role in which a team of developers were using JAVA to build entire database applica-
tions for users.

9.5.1 General Capabilities

« JAVA applications can support complex displays and serve as a platform for database
applications.

9.5.2 Advantages

« Development tools are commonly available.

9.5.3 Disadvantages

 Developers require additional training and use of development tools.

« JAVA is, in my opinion, not suitable for rapid prototyping.

QUESTIONS

1. When using Microsoft Access as a GUI, name two RDBMS’s that can serve as the
source for a database query.

2. When using Microsoft Access as a GUI, what is a linked table?

3. When using Microsoft Access as a GUIL, how can a complex query using DBMS-
specific SQL be executed?

4. By default, where is a Microsoft Access database installed? What users can run que-
ries against the database?

5. Compare the use of Microsoft Access and PHP when performing a rapid prototype
for a new database application.



236 m A Practical Guide to Database Design

A design team supporting a small group of analysts must do a rapid prototype to develop
a GUI to be used to analyze data collected for the team.

6. What relational database management systems could be used to store the database
and its tables?

7. Would a .NET framework be appropriate for use to develop the GUI? Why or why
not?

8. Would Microsoft Access be appropriate for use as a GUI? Why or why not?
9. Would PHP be appropriate for use to develop the GUI? Why or why not?

Assume a university environment where hundreds of teachers and administrators
have Windows-based computers varying in size and capacity and with a mixture
of Windows 7 and Windows 10 operating systems. GUIs must now be developed to
administer course and student information.

10. Would a .NET framework be appropriate for use? Why or why not?
11. Would Microsoft Access be appropriate for use? Why or why not?
12. Would PHP be appropriate for use? Why or why not?



CHAPTER 10

Creating the University
Database Application

In Chapter 6, we saw how Microsoft Access can be used to create and load tables, run
simple queries, and create simple Forms. In the current chapter, we will see how to use
Access to create a more complex application based on the University data model developed
in Chapter 4. We will use Forms to create a Windows-based application to

« Enroll students into courses
« Enter grades for assignments
+ Enter midterm and final grades

Let us begin by creating tables for the University database using the physical data model
in Figure 4.7.

10.1 CREATE TABLES FOR UNIVERSITY ENVIRONMENT

Before we can create tables in a database, we must first create the relational database
management system (RDBMS) system that will serve as a host to the tables and query
mechanismes.

 From the Start menu, click on the Access label for your system (e.g., “Access 2016”) to
start the RDBMS software on your computer.

 Next, click “Blank Database” to start a new database management system instance.

o When the “Blank Database” screen opens, click on the folder icon and navigate to
the directory in which the RDBMS is to be located. Next, change the file name to
“University.accdb,” and click “Create.”

237
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 'The Tablel window opens in data entry mode with a default name for the first column
as ID. Click the small “x” at the top right of the Tablel pane.

(=] : : C\Users\Red\Documents\University.acc..  RexHogan

File Home Create External Data Database Tools

» &= =
Efy g - ¥ @ & =8 [
3X Delete Rows 5 r =a) e
View | Primary| Builder Test Validation = ) Property Indexes Create Data Rename/ Relationships ~ Object
- Key Rules ~ EQModify Lookups  [Sheet Macros~ Delete Macro Dependencies
Views Tools Show/Hide  Field, Record & Table Events Relationships S
All Access Obje... ® « || Tavet =~ ¥ property Sheet
Field Name Data Type Description (Optional) = roperty ee
Search.. Pllgr E AutoNumber 7] Sselection type: Table Properties
Tables a
2 Table Genenl
Read Only When Disconnect: No ||
Subdatasheet Expanded  No
Subdatasheet Height 0
Orientation Left-to-Right
Description
Default View Datasheet
Validation Rule
Validation Text
Filter
Order By
Subdatasheet Name [Auto]
Link Child Fields
Link Master Fields
| [Filter On Load No
Field Properties Order By On Load Yes
General Lookup
Field Size Long Integer
New Values Increment
Format
Caption
Indexed Yes (No Duplicates)
Text Align General Afield name can be up to 64 characters long,
including spaces. Press F1 for help on field
names.
Design view. F6 = Switch panes. F1 = Help. Num Lock 174

« A window will open for you to specify the table name, enter “School,” then click
“OK.)’

o We now have a window where we can enter the column names (under Field Name)
and the data type for each.

For the School table, enter the column name SchoolID and choose “Short Text” for a
data type; in the lower part of the window, change the Field Size to 50 bytes.
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B ©- University : Database- C:\Users\Rex\Documents\University.acc..  Rex Hogan

Home Create External Data Database Tools

D ? \ &= Insert Rows L_‘Q :ﬂm D,g

K 3X Delete Rows >
View | Primary Builder Test Validation - ) Property Indexes = Create Data Rename/ Relationships Object
- Key Rules  EQModify Lookups  sheet Macros~ Delete Macro Dependencies
Views Tools Show/Hide  Field, Record & Table Events Relationships ~
. 3 School x
All Access Obje... © « || = schoo
— 5 Field Name Data Type Description (Optional) [4]
= 9 schoollD | short Tex{ ~
Tables 2 —
2 school

Field Properties

General Lookup

Field Size 50
Format
Input Mask
Caption
Default Value
Validation Rule The data type determines the kind of values
Validation Text that users can store in the field. Press F1 for
Required Yes help on data types.
Allow Zero Length Yes
Indexed Yes (No Duplicates)
Unicode Compression  No
IME Mode No Control
IME Sentence Mode None
Text Align General
Design view. F6 = Switch panes. F1 = Help. Num Lock B &

« Continue entering the column names and data types for the School table.

H ©- University : Database- C:\Users\Rex\Documents\University.acc..  RexHogan

File Home Create External Data Database Tools

By & to- (¥ & -8 [
N\ = & -
a k 3X Delete Rows £l L = = =
View | Brimayl Builder Test Validation "y * Property Indexes CreateData Rename/  Relationships  Object
- Key Rules  EQModifyLookups  gheet Macros~ Delete Macro Dependencies
Views Tools Show/Hide Field, Record & Table Events Relationships ~
. = School X
All Access Obje... @ « & school\ _ = :
e 5 Field Name Data Type Description (Optional) (]
r
= 9/ schoollD Short Text
. A SchoolName Short Text
& school SchoolDescription Short Text
SchoolCampusLocation Short Text
SchoolDeanID Short Text
Field Properties
General Lookup
Field Size 50
Format
Input Mask
Caption
Default Value
Validation Rule Afield name can be up to 64 characters long,
Validation Text including spaces. Press F1 for help on field
Required Yes names.
Allow Zero Length Yes
Indexed Yes (No Duplicates)
Unicode Compression | No
IME Mode No Control
IME Sentence Mode None
Text Align General
Design view. F6 = Switch panes. F1 = Help. Num Lock Z
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When entering data type for a column, note that Access does not support varchar,

instead choose “Short Text” as a data type, and in the lower pane, change the field size
to 50.

o Verify that the key symbol appears in the row(s) for the key column(s) for this table
and click the small “x” on the School line to close the table. In response to “Do you
want to save changes to the design of table ‘School’,” click “Yes.”

 Referring to Figure 4.7, repeat this sequence to create all tables in the physical data
model.

- C:\Users\Rex\Documents\Book\University1.accdb (Access 2007 - 2016 file format) - Access

Rex Hogan
b | X Y = New =
Copy { in Hsa

View Paste Filter Refrest aly

' Format Painter R All- X Delete <
Views Clipboard sl Sort & Filter Records Find Text Formatting ~
All Access Objects  © «
Search.. e
Tables 2
BB assignment
BB course

B3 course Enroliment
B3 Course Offering

B curiculum Job Classification
B3 Degree

B3 Department

B racuty

B3 Job Classification

B school

B student

B3 student Transcript

Queries ¥
Forms.

Ready

Num Lock
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10.2 CREATE RELATIONSHIPS TO ENFORCE REFERENTIAL INTEGRITY

To set the Referential Integrity constraints between these tables, first select the “Database
Tools” tab, then click on Relationships.

Compactand  Viswal Run Object Dty ® Access Shawbort  Add-
Repaie Database Dependencies G2 Analyze Table Database ins~
Tools Anayze Mowe Data Asd-iny -~
All Access Objects @ «

Search. »
Tables £
0 assgnment

& coune

T Course Envollment

Basic Macro
Macro

@ course Oftening
@ Course Frerequisite
@ cumanm

@ cumasmm Course
0 cumasun job Classification
T Oegree

@ Oepatment

@ rocury

T sob Classitication
@ schoor

@ studert

B student Transcrpt

Queries
Forms. ¥

«

Num Lock

Show Table ? X

Tables Queries Both
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University1-1: D,

ADocuments\Un.

Select all table names and then click Add; all tables will be displayed.

Creste  BternalData  Database Tool: Design
N | Hom Ascending ) Selection SNew 3 Totals Jo) % Replace =
= 3 Copy | Descending ] Advanced Hsave % Speling SGoTor | B I U |3=e=r- &
View | Paste | ¥ Fitter o Refresh R (| lna s
& Format Painter %o Remove Sort 'Y Toggle Filter | p. X Delete ~ 5 More. Select~ | A - W ===|4
Views Clipboard 5 Sort & Fitter Records Find Text Formatting ~
. < 5 Relationshi x
All Access Objects @ « s
=3 2| Assignment Course Course Enrollment Course Offering 0
Tables 2
= a  Courseld  Courseld  Courseld =  Courseld
SeAS e  Sectionld CourseName 9 Sectionld 9 Sectionld
B coune  Assignmentio Creditrours 9 Studento | Facuttyid
T AssignmentDescriptiq artmentiD Enrolimentstatus Loation
= CourseDescrption DateEnralled Classschedule
3 Course Oftering shdTencass B
B course Prerequisite
Curriculum Course Prerequisite Curriculum Curriculum Course Curriculum Job Classifi..
B curicutum Course  Courseld T Comcatumd T Comcatumid Vo
3 Curriculum Job Classification ¥ PrerequisiteCseid CurmculumName  CourselD 9 Classificationid
E Degree DegreelD. Opt-MandatonFlag JobRelationship
Curriculumes CumculumCselnto
B Department
3 Faculty
B Job Cassitication
B senool Degree Department Faculty Job Classification
B student 7 Degreeid  Departmentid 7 Facultyid = ¥ Classficationid
B swdent tansatet Degreehiame Schoolld DepartmentiD ClassificationName
Queries = DepartmentiD Departmenthiame FaculyPrefix
puseii v DepartmentHeadid Facultylasthame
DeptcampusLocation| FacuttyMiddieNam
Facultyirsthame |-
School Student Student Transcript
¥ schoold T Studento 7 Studento
SchoolName Departmentid 9 Courseld
SchoolDescription Studentiastame Grade
SchoolDeaniD StudentFirsthame CreditHoursEamed
gl v
Ready Num Lock

Next, rearrange the tables to reflect the layout used in Figure 4.6. (Minor revisions in

the diagram are fine; it is just easier to group associated tables together.)

Universityl-1 Documenti\Universiy1-1...  RexHogan
Creste  temalData  Database Tools Design
B | o Hom Y ascendng Y secion Ttk | () ekeplce
v | pas ERCopY ey AbDescending TAdinced~ | = Bswe  Ppeling | £ S GoTo | B 1 U [=E= e [E
 Format Painter RemoveSort 'Y Toggle iter |- X Delete = [ More st~ |A-W-O-[===|4
Views Clipboard 5 Sort & Fitter Records Find Text Formatting -
f =5 Relationships x
All Access Objects  © «||=3 "
se:r:. s ol po— Curiculum Course n
B resgnment ool 7 egreed e
= SchoolName Degreetiame Student S varidisrs
Course SchoolDescription DepartmentiD 2
T cousemomment 7 Studentd CuriculumCseinto
L ¥ DepartmentiD
SchoolDeaniD %
B3 Course Oftering StudentLastName
BB Course Prerequisite StudentMiddieName
B cumiculum
Oepatment Curriculum
3 cumculum Course 5 { g StudentStreetadar Student Transcript
Departmentd g
3 curiculum Job Classiication ooy Corculumame udentCity T Sroaenio
3 vegree Departmentiame Degreeld oy 9 Courseip
DetmentHendD, CurriculumDescripto] Studentzipcode e
3 Department = Classtevel
B Factty CreditHoursEamed
Job Classfcation
= Curriculum Job Classifi..
B sehool Course e Course Offering
Student T Courseid  Courseld
¥ classificationid
B stucent Tamcrnt Coursetiame JobRelatianship 9 sectionid
b N CredtHours FacutyiD Course Enroliment
b 4 Departmentd Loation T Coune> 5
CourseDescription Classschedule 9 sectiond>
9 studentd
Facul
y EnrolimentStatus
Course Prerequisite il Datetnaoted
5 f DepartmentiD Assignment MidTermGrade
Courseld Facutyprefc ot
Y oo inalGrade
9 prerequitecse Facylastame Yom- e
FacutyMiddleName Assignment
FacutyFisthon, @ AssignmentNo
FacultyStreetAdd AssignmentDescriptiq Amigmonts
Job Classification i - K Assignmentd
FacultyCity Assignments.
¥ Classiticationid Facultystate
NER— Assignments
Clsificationt
o FacultyZipCode Assignment?
Assignments | =
kIl
Ready Num Lock
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Now let us set the Referential Integrity constraints between tables.

 Note that the key of School (SchoolID) appears in Department. To set that relation-
ship, click on SchoolID in School, then hold the mouse down and drag the arrow to
SchoolID in Department. When you release the mouse, you see

Edit Relationships ? X
Table/Query: Related Table/Query: Greate
School  Department v

>

SchoollD E] SchoollD

Cascade Update Related Fields

Cascade Delete Related Records

Relationship Type: One-To-Many

»

Click the “Enforce Referential Integrity” box, then “Create.

Edit Relationships ? X
Table/Query: Related Table/Query: Create
School  Department v
SchoollD SchooIID A
v
Enforce Referental integrity Seaietien:
[Jcascade Update Related Fields
[ Cascade Delete Related Records
Relationship Type: One-To-Many

The one-to-many relationship is then created.
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Study each table and create additional one-to-many relationships as indicated.
Compare your results to that shown in the following.

H University : Database- C: Rex\Documents\Book\University.accdb (Access - 2016 file format) - Access
File  Home  Creste  EdtemalData  DatabaseTools
- i
D;, X Clear Layout j [E= Hide Table
e % 3% Direct Relationships. 3
L [E8) Relationship Report o lose
Relationships PReport | ble B3 All Relationships
Tools Relationships ~
All Access Objects @ « JJ=S Selationsties N x
Ssearch.. L [«]
Tables = =, School Curriculum Course
B assignment g ¥ schoolld =2 ¥ CurriculumiD
B course SchoolName =d ¥ CourselD

3 course Enroliment SchoolCampusLocatiq
B3 Course Offering

CurriculumCselnfo v I
SchoolDeaniD. - StudentiD
DepartmentiD
BB course Prerequisite Curriculum Studentlasthame PRE——
B curiculum ¥ curriculumip = =

v i
- Department CurriculumName StudentFirsthame v stdenthd
B3 curriculum Course i Degresi StudentTelephoneNu Courseld
B3 Curriculum Job Classification 5(:“”” CurriculumDescription StudentStreetAddr Grade.
B3 Degree StudentCity DateCompleted
= 9 :“":"““::‘"';D Course Offering Studentstate CredittioursEamed
T Department epartmentHea
" DeptCampusLocation =¥ coued = Stidenzigcode
& Facuty Comiculum Job Classfcation |-~ | 9 sectionid ClassLevel
o
BB Job Classitication ¥ CurricalumiD FacultylD
B8 schoor 9 ClassificationiD Lotion
JobRelationship Classschedule
B3 selected Student
Course
B selected student Envoliment o CourseEncaliiment
- o
B student D—— Faculty f=| ¥ couseip [<]
BB student Transcript é CreditHours v a ¥ SectioniD
Queries N DepartmentiD { st 9 studentid
< i DepartmentiD Enrolimentstatus
ourseDescription
#?  Update Student Enroliment FacultyPrefix Assignment et
P Delete Selected Student Enroliment FacultylastName. 2 7% Courseid MidTermGrade
& DepartmentiDs Course Prerequisite Poaulyiddichome ¥ sectioniD FinalGrade
@ Find Student Enroliment 277 Counseid FacuRyrithiame 9 AssignmentNo Assignment1
g SdentEMoRme: FacultyStreetAddr A
¥ prerequisiteCselD AssignmentDescription ssignment2
2 select Course Offering FacultyCity Assignment3
5 Update Final Grades ;"“Z;“‘:ﬂ Assignmentd
acultyZipCode Assignments
& Update Midter Grades -
Job Classification Assignments
& Update student Grades — posiuinimid
"1 Reset StudentiD ClassificationName Assignments
Forms 2 ClassificationDescription Asslgnmentd
8 identity Student For Final Grade Updates
1 1dentity Student For Grade Updates Al 3

SchoolDescription Opt-MandatoryFlag Student

Ready

Num Lock

At this point, we are ready to start developing Forms-based mechanisms to enter
students and associated grades. However, before starting developing any forms, I first
edited the School, Department, Course, and Course Offering tables to add a couple of
rows in each with test data. You will see the test data in the following screen shots as
queries and forms are developed.

10.3 DESIGN A SCREEN TO ADD NEW STUDENTS

To add new students, we need a window/screen to support capturing/recording each col-

umn of information in the Student table.

In reviewing these columns, however, note that one column contains the DepartmentID
for that student. Rather than having the person making the update type that value in (and
taking a chance of a typing error), we’ll use a pull-down menu in the form to select the
DepartmentID from a list of valid values.

To develop the desired form, follow these steps:

Select/Click on the Student table name.

Next, click on Create, then Form.
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Rex Hogan

& M
Table SharePoint
Design  Lists~
Tables

Table

Application
Parts ~
Templates

RE =S
Query Query Form Form
Wizard Design Design

Queries

All Access Objects  © «
Search... )
Tables a

Assignment
Course

Course Enroliment
Course Offering
Course Prerequisite
Curriculum
Curriculum Course
Curriculum Job Classification
Degree
Department
Faculty

Job Classification

School

i i i O

Student Transcript
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Forms

« «

Ready

- F L3
E Form Wizard :C] @ Report Wizard Q : Module
&) Navigation ~ 5! Class Module
Blank — 2 Report Report Blank (2] {abels Macro 7, 2% 10
Forim More Forms ~ Design Report (2] Visual Basic
Forms Reports Macros & Code

Num Lock

A screen will open with a “Student” form in design mode. Note that all columns from the

Student table have been added to this window.

University1 : Database- C:\Users\Rex\Documents\Bo...  Rex Hogan
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OD@BEE E8 Tie
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B3 curriculum Course ShidentFIrsENEInE ‘:
EH Curriculum Job Classification §
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Forms v ClassLevel ]

Record: 1of1 L W No Filter | [Search
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This form could be used as is with no changes; however, remember that we want to use
a pull-down box for DepartmentID to choose an acceptable value rather than having to
type the value.

To make this change

o Click on the DepartmentID row in the Student form design window.

 Right-click and select “Delete” to delete that item in the form window.

University1 : Database- C:\Users\Rex\Documents\Bo... Rex Hogan

File Home  Create  ExternalData  Database Tools Amange  Format  Q e what you want to do
[ & Logo
B HEe e vmreEEEEY 0 EE D =
= [ Title
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H =8| Student

All Access Objects @ «||=
Search. 5| D Student

Tables 2 |
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B course
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o Select the empty box to the right of where the DepartmentID label appeared, then
right-click and select “Delete.”

University1 : Database- C:\Users\Rex\Documents\Bo...  Rex Hogan
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The form design has now been modified to allow a space for the DepartmentID drop-
down box.

o Click the Design tab and scroll/find the drop-down box icon; click on that symbol as
shown in the following.

H ©- 3 University1 : Database- C:\Users\Rex\Documents\Bo... Rex Hogan
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Click on the box where the Combo box is to be created:
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 After clicking the Combo box icon in the above-mentioned location, the following
dialog opens:

Combo Box Wizard

This wizard creates a combo box, which displays a list of values you
can choose from. How do you want your combo box to get its
values?

44 @;wmthecmboboxbgethevdmﬁmmo&ul_ﬂﬂeor
query.

(O 1 will type in the values that I want.

Oﬁ\da[mdonmyfonnbasedonﬂ\evdselsdededhmy
combo box.

 Next, use the pull-down menu to select the Department table:

Combo Box Wizard
Which table or query should provide the values for your combo box?
- |
Table: Course Prerequisite A
- Table: Curriculum

Table: Curriculum Course
1 Table: Curriculum Job Classification
i Table: Degree

@ Tables (O Queries (O Both

cancel | | <Back [ hext>
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« Clicking Next opens the following window:

Combo Box Wizard

- Which fields of Department contain the values you want incduded in
" your combo box? The fields you select become columns in your
combo box.

Selected Fields:
| >
i>>
| <
:<<
Cancel < Back Next > £

o First select DepartmentID as shown earlier, then click the “>” symbol to get the
following:

Combo Box Wizard
Which fields of Department contain the values you want induded in
- your combo box? The fields you select become columns in your
combo box.
Available Fields: Selected Fields:
DepartmentName E
DepartmentHeadID (s> |
DeptCampuslLocation : =
<< |
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o We have now specified that we want a Combo box (a pull-down list of values) to see
DepartmentID; the next window gives us the option of choosing a sort option.

Combo Box Wizard
What sort order do you want for the items in your list box?

You can sort records by up to four fields, in either ascending or descending order.

L [7] [ Ascendng ]

2 | Ascending [
3 | A
l Ascending ]

4 | I Ascending

l Cancel ] l < Back ‘I Next > ll Finish

o Clicking Next gives us the following screen:

Combo Box Wizard

How wide would you like the columns in your combo box?

To adjust the width of a column, drag its right edge to the width you want, or double-dlick the
right edge of the column heading to get the best fit.

DepartmentID
| BusAcct
SoftEngr

[Concd ] [ <ok | Next> || goen |

This screen gives us the option to adjust the width of the display; the values shown
earlier show the test values previously entered for Departments.
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o In the next window, choose the “Store” option and select DepartmentID to store the
value retrieved into the form as DepartmentID.

Combo Box Wizard
Microsoft Access can store the selected value from your combo box
in your database, or remember the value so you can use it later to
perform a task. When you select a value in your combo box, what
do you want Microsoft Access to do?
¥ — (O Remember the value for later use.

(@) Store that value in this field:

StudentLastName
StudentMiddleName
StudentFirstName
StudentTelephoneNumber
StudentStreetAddr
StudentCity
StudentState
StudentZipcode
ClassLevel

Conad | [ <bok | Nedt> ][ Gnsh

« Clicking Next brings up a window asking for a name for the list; enter DepartmentID.

List Box Wizard

What label would you like for your list box?

o2 oo o

Those are all the answers the wizard needs to create your list box.
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+ The Form has now been modified to include the Combo box just created.

External Data

University! : Datab

DatabaseTools ~ Design  Armange  Format

\Documents\Bo..  RexHogan

Home RS
5| ke

‘3 Copy
View | Paste o 7
- ¥ Format Painter
Views Clipboard ™

Y 81 Ascending Y Selection @ = New > Totals
Refresh

Filter

p 38 Replace

= GoTo~
[y Select~
Sort & Filter Records Find

%l Descending  T=)Advanced »
7# Remove Sort 'Y Toggle Filter

Hsave % Spelling
in

1 =
Al~ X Delete ~ [ More

Search...

Tables
= Assignment

Course

Course Enroliment

Course Offering

Course Prerequisite

Curriculum

o i

Curriculum Course
Curriculum Job Classification
Degree

Department

Faculty

Job Classification

School

Student

i L

Student Transcript

All Access Objects @ «

»

« «

|

Layout View

=5 Student

Text Formatting

D Student

D)l x |>

StudentiD

DepartmentIiD

StudentLastName

StudentMiddleName

StudentFirstName

StudentTelephoneNumber

StudentStreetAddr

StudentCity

StudentState

StudentZipcode

ClassLevel

Record: M« 10of 1 ” % No Filter | Search

N I I A 3

Num Lock B B ¥

The Form has now been updated to include a drop-down list with all DepartmentIDs.

To finish the design of the form, we need to make one further modification. At the
bottom of the form layout, add a “Save” button to add this information to the database.
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With the form in design mode, select the Design and Button options as shown in the
following.

o - = University1 : Database- C:\Users\Rex\Doc...

Home Create External Data Database Tools

n Colors ~

Themes [&] Fonts ~

— {Hiogo = 5
[ Title 2 [s!
Insert Add Existing Property Tab

R Aa
Image - 0 Date and Time Fields  Sheet Order &5

Views Themes Controls Header / Footer Tools

All Access Objects  © «|| = Newstudent

S lo el noim o s 2 v em i simvg v mlo o fios sil s moBosmlewncBersnilomedoririmegdenws

x>

0|

— ¥ Form Header

Assignment
Course p

Course Enroliment
# Detail

Course Offering

Course Prerequisite

Curriculum

Curriculum Course s e
StudentLastName

Degree StudentMiddleName

Department StudentFirstName

Faculty StudentTelephoneNumber

Job Classification

‘Studentstreemddr

School

[studentcity [
Student

3
=)
=)
3
=)
=)
z:)
& curriculum Job Classification
=)
::)
=)
=)
=)
=)
=)

iStudent:

Student Transcript

andnnr7incode}

» «

ClassLevel

E8 Add Enroliment

B2 New Course Enroliment U € Form Footer

] O
Design View Num Lock B B ¥

5] New Student [;1 EtR szl s |
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« Next, move the mouse to the bottom of the form and drag it open to form a box.
Releasing the mouse gives the following:

Command Button Wizard

What action do you want to happen when the button is
pressed?

Different actions are available for each category.

Actions:

Find Record

Go To First Record

Go To Last Record

Go To Next Record

Go To Previous Record

o Click on Form Operations, then Close Form.

Command Button Wizard

What action do you want to happen when the button is
pressed?

Different actions are available for each category.

Application Print Current Form
Miscellaneous Refresh Form Data
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o Click Next, then select Text and enter “Save.”

Command Button Wizard

Do you want text or a picture on the button?

If you choose Text, you can type the text to display. If you
choose Picture, you can dick Browse to find a picture to display.

@Text: save

|
o BB

Show All Pictures

=] TN e

o Click Finish, then enter a meaning name at the top of the form.

Command Button Wizard

What do you want to name the button?

A meaningful name will help you to refer to the button later.

save ]

That's all the information the wizard needs to create your
command button. Note: This wizard creates embedded
macros that cannot run or be edited in Access 2003 and
earlier versions.

et | [ <ws | oo | o]
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« Clicking Finish adds the Save button to the form.

 Close and save the form, assigning an appropriate name to the form (in this case,
New Student Enrollment).

Save As

-~
X

Form Name:
New Student Enrollment ]

Opening the form opens a blank record where student information can be entered.
Note the drop-down icon on the DepartmentID line.

o Clicking on that arrow displays a list of all DepartmentIDs. Choose the one appropri-
ate for the student being enrolled.

University1 : Database- C:\Users\Rex\Documents\Book\University1.accdb (Access 2007 - 2016 file format) - Access RexHogan

Create  ExternalData  Database Tools n o ventt
F C X Y -
= o X Cut \I 2| Ascending = Y/ Selection I‘@ = New > Totals p 3D Replace
== B Copy. %! Descending ] Advanced ~ Hsave ¥ Spelling 3GoTor | B I U |3=¢=|r-|EB
View | Paste Filter rest L Find el NI
5 ® Format Painter 5o RemoveSort 'Y ToggleFilter | > X Delete More Rseectr | A-¥-O- | ===
Views Clipboard & Sort & Filter Records Find Text Formatting ~
- =8| Student
All Access Objects @ « =
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Tables 2
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B course >
B3 Course Enroliment StudentiD
B3 Course Offering DepartmentiD v
B Course Prerequisite StudentLastName BusAcct
= SoftEngr
3 cumcutum StudentMiddleName
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StudentFirstName
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StudentTelephoneNumbe
B3 Degree —
B Department StudentStreetAddr
B rFacutty StudentCity
B3 Job Classification StudentState
& school StudentZipcode
B3 student
ClassLevel
B student Transcript
Queries v —
Forms 2 S
[ AddEnroliment
E8 New Course Enroliment
) New Student
[ New Student Enroliment
Record: W« [10f 1 Mo [ % NoFilter | [Search
Form View Num Lock B ¥
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ocuments\Book\Unive 1.accdb (Access 2007 - 2016 file format) - Access RexHogan

Data  Database Tools

E S X Cut Y 4 Ascending Y Selection = New 2 Totals 3B Replace =
% 5 ER Copy = %! Descending Y] Advanced ~ i Hsave ' Spelling 3 GoTor B I U o
iew aste ilter res| oy 5 2
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: =3 Student x

All Access Objects @ « || = studen
search. #|| Student
Tables PN
B3 Assignment
B course £
BB Course Enroliment StudentiD L |
B3 Course Offering DepartmentiD m v
B course Prerequisite StudentLastName
B curiculum StudentMiddleName
B curriculum Course

StudentFirstName
B curriculum Job Classification

StudentTelephoneNumbe
B3 Degree
B8 Department StudentstreetAddr
B Facutty StudentCity
B3 Job Classification StudentState
2 sehool StudentZipcode
B student

ClassLevel
B3 student Transcript
Queries v S
Forms P Save |
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& New Course Enroliment
3 New Student
[ New Student Enroliment

Record: W < [1of1 | » M ¥ | % NoFilter ||Search

Form View Num Lock B ¥

Fill in the other information for that student, then click the Save button to add the
information to the Student table and close the form.

To use the form, click on Forms/New Student and the following screen opens. Note
that the pull-down is populated with a list of DepartmentIDs in the Department table.

5 University1 : Database- C:\Users\Rex\Documents\Book\University1l.accdb (Access 2007 - 2016 file for..

Rex Hogan

Create

External Data

Database Tools

E X, Cut Y 2l Ascending Y - I’@ = New >3 p ab.
: ER Copy ' %l Descending T3~ Hsave ¥ T EEEEE
View | Paste _, Filter Refresh Find P
= * Format Painter Remove Sort 'Y All~ X Delete - R A-F-O- ==
Views | Clippoard & Sort & Filter Records Find Text Formatting -~
i =5 Student x
All Access Objects @ «|| =
search._ A|| Student
B3 Assignment =
B course iy
& course Enroliment StudentiD
B3 Course Offering .
DepartmentiD | <
B3 Course Prerequisite
m StudentLastName BusAcct
B curriculum SoftEngr
B curiculum Course StudentMiddleName
B3 curriculum Job Classification StudentFirstName
& pegree StudentTelephoneNumbe
3 Department StudentStreetAddr
£ Faculty
StudentCity
& Job Classification
StudentState
B school " L
B3 student StudentZipcode
B8 student Transcript ClassLevel
Queries ¥
Fo PN —
orms |save J
T Add Enroliment =)
T8 New Course Enroliment
New Student
[F8]_New Student Enroliment v || Record: < [10f1 M % NoFilter | [Search
Form View Num Lock B ¥
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