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Why Databases?

Imagine trying to operate a business without knowing who you
customers are, what products you are selling, who is working for
you, who owes you money, and to whom you owe money.

All businesses keep this type of data and much more; just as
Importantly, they must have those data available to decision
makers when necessary.

The ultimate purpose of a business information system is to help
businesses use information as an organizational resource. At the
heart of all these system are the collection, storage, aggregation,
manipulation, dissemination, and management of data.

Database management systems are used to store, manipulate, and
retrieve data in nearly every type of organization, including
business, health care, education, government, and libraries.

#
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Why Databases?

« Depending on the type of database system and the characteristics
of the organization, the data could vary from a few megabytes (1
byte = 8 bits, 1 MB = 1,000,000 bytes or 1 X 10° bytes) to several
terabytes or more (1TB = 1 X 102 bytes = 1000 GB).

— Sprint and AT&T have database systems that maintain data on trillions of
phone calls with data being added to the database at the rate of more than
70,000 calls/second.

* Not only do they need to store and manage immense collections of
data, they must also be able to find any given fact in that data
quickly.

— In 2012 Google totaled almost 19 trillion searches for the year
(1,873,910,000,000 reported) which means that they averaged about 5.1

billion searches per day across a collection of data that is approaching a
estimated 80 PB in size (1 PB = 1000 TB =1 X 10%° bytes).

([
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Why Databases?

Databases are specialized structures that allow computer-based
systems to store, manage, and retrieve data very quickly.

Virtually all modern business systems rely on databases; therefore,
a good understanding of how these structures are created and their
proper use is vital for any information systems professional.

Even if your career does not take you down the path of database
design and development, databases will be a key component
underlying the systems that you use.

In any case, It is important that you understand the difference
between data and information.
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Data vs. Information

« Data are raw facts. Meaning that they have not been processed to
reveal their meaning.

— For example, suppose a university tracks data on faculty members for
reporting to accrediting bodies. To get the data for each faculty member
Into the database, you would provide a screen with areas to enter the data,
with drop-down lists, combo boxes, option buttons and other data entry
validation controls (see next page image (a)). When the data are entered in
the form and saved, they are placed in the underlying database as raw data
(see next page image (b)). Now you have the facts about the faculty
members in the database, but the data is not particularly useful in this
format. Therefore, you transform the raw data into a data summary where
you might ask questions such as: “What percentage of faculty in the
Information Systems (INFS) department are adjunct faculty?”, or “How
many associate professors are there?” (see images (c) and (d) on the next

page).

([
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a) Data entry screen b) Raw data
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Data vs. Information

Information is the result of processing raw data to reveal its
meaning.

Processing the raw data can be as simple as organizing data to
reveal patterns or as complex as making forecasts or drawing
Inferences using statistical modeling.

To reveal meaning, information requires context.

For example, an average temperature of 38 degrees does not mean
much unless you know its context. Is this reading Iin degrees
Fahrenheit or Celsius? Is this a machine temperature, a body
temperature, or an outside air temperature?
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An Aside — What' s A “Big"~ Database

ame Smin)

Kilobyte (KB)
Megabyte (MB)
Gigabyte (GB)
Terabyte (TB)
Petabyte (PB)
Exabyte (EB)
Zettabyte (ZB)
Yottabyte (YB)

103
106
10°
1012
1015
1018
1021
1024
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An Aside — What' s A “Big"~ Database

« As of 2011 no storage system has achieved one zettabyte of
Information.

« The entire Internet was estimated to contain close to 500
exabytes in 2009.

e During the year 2013 the total amount of global information
will exceed 1.8 zettabytes. This Is equivalent to the amount of
data that would be generated by every person in the United
States tweeting 3 tweets/minute for 26,976 years. It would fill
57.5 billion 32GB 1Pads. This is enough iPads to build a 20
foot high wall around South America.

« Google processes about 24 petabytes of data/day.

« AT&T processes about 19 petabytes of data/day through their

network.
#
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An Aside — What' s A “Big"~ Database

« The 4 experiments in the Large Hadron Collider will produce
about 15 petabytes of data/year.

« The human brain has been estimated to store up to about 2.5
petabytes of binary equivalent data.

« The movie Avatar required over 1 PB of storage at Weta Digital
for the rendering of the 3D CGl.

» Facebook reportedly stored around 100 PB earlier this year.

« IBM has estimated that about 2.5 quintillion bytes of data are
created every day — thus about 90% of the data in the world
today has been created in the last two years alone.

([
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An Aside — What' s A “Big"~ Database

« There iIs no good way to think about what this size of data
means.

« If it were all printed in books, they would cover the entire
surface of the United States some 52 layers thick.

« If it were placed on CD-ROMs and stacked up, they would
stretch to the moon in five separate piles

 In the third century B.C., as Ptolemy Il of Egypt strove to store
a copy of every written work, the great Library of Alexandria
represented the sum of all knowledge in the world. The digital
deluge now sweeping the globe is the equivalent of giving every
person living on Earth today 320 times as much information as
IS estimated to have been stored in the Library of Alexandria

([

CGS 2545: Database Concepts (Chapter 1) Page 11 © Dr. Mark Llewellyn g’)n




An Aside — What' s A “Fast” DBMS

« DBMS systems are compared using a number of metrics, but a
common one Is transactions per minute (TPM).

« The current record holder is an Oracle system running on 108
servers with a total of 1728 cores executing 13824 threads for
81 clients on 162 processors using 972 cores running 1944
threads. The system handled 30,249,688 tpm (around 500,000
transactions/second)! This system cost about $1.01/tpm (just
over 30 million USD).

« United Parcel Service has an IBM DB2 system which routinely
handled around 1x10° SQL statements/hour (more than 275,000
SQL statements/second).

([
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What Is a Database?

In the most general sense a database Is simply a
collection of related data.

— This definition is too vague since we could consider this page of
words to be a database under this definition.

« Note that the “data” in a database can encompass a
wide variety of objects from numbers, text,
graphics, video, audio, etc.

* A more specific definition of a database consists
of certain implicit characteristics which, when
considered together, are assumed to define a
database.
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What is a Database? (cont)

» A database represents some aspect of the real
world. This abstraction of the real world Is often
referred to as the miniworld or the universe of
discourse (UoD).

« A database Is a logically coherent collection of
data with some inherent meaning. Random data IS
not typically referred to as a database, although
their are exceptions.

« A database iIs designed, built, populated, and
utilized for some specific purpose. There is a set
of intended users and specific applications In
mind.
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What is a Database? (cont)

« A database i1s managed by a database management
system (DBMS), typically referred to as a database

system.

« A DBMS is expected to provide significant functionality
Including:
1. Allowing users to create new databases. This is done via data

definition languages (DDLSs).

2. Allow users to query the database via data manipulation
languages (DMLs).

3. Support the storage of very large amounts of data. Typically
gigabytes or more for very long periods of time. Maintaining its
security and integrity in the process.

4. Control access to data from many users simultaneously.
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Early Database Systems

« The first commercial database systems appeared in the late
1960°’s. They evolved from file systems which provide
some of item (3) from the previous slide, however, they
provide little or nothing from item (4).

 Furthermore, file systems do not provide direct support for
the features of item (2), i.e., they don’t support query
languages per se.

* Neither do file systems directly support item (1), their
support for schemas is limited to the creation of directory
structures for files.

« Some of the more important early database systems were
ones where the data was composed of many small items
and many queries or modifications were made. Examples:
airline reservation systems and banking systems.
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Database Systems Evolved

« A famous paper written by Codd in 1970 had the effect of
significantly changing database systems.

« Codd proposed that database systems should present the
user with a view of data organized as tables called
relations. Behind the scenes there might be a complex data
structure that allowed rapid response to queries. But,
unlike the user of the earlier database systems, the user of a
relational system would not be concerned with the storage
structure. Queries could then be expressed in a high-level
language which greatly increased the efficiency of
database programmers.

Reference:

Codd, E.F., “Arelational model for large shared data banks”, Communications of
ACM, 13:6, pp. 377-387.
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Smaller and Smaller Systems

« Originally, DBMS’s were large, expensive software
systems running on large mainframe computers.

» The size was necessary, because to store a gigabyte of data
required a large computer.

« Today, a gigabyte fits on a single disk, and it Is quite
feasible to run a DBMS on a personal computer.

* Relational DBMS based on the relation model are
beginning to appear as a common tool for computer
applications much as spreadsheets and word processors did
before them.
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Larger and Larger Systems

 On the other hand, a gigabyte isn’t much data. Large
databases contain hundreds of gigabytes (or much more).

« As storage becomes cheaper, people often find new
reasons to store greater amounts of data. Retail chains
often store terabytes (1 terabyte = 1000 gigabytes, or 1012
bytes) information recording the history of every sale over
a long period of time.

 Data other than text and numbers, such as video and audio,
often occupy huge amounts of space per item. An hour of
video occupies about a gigabyte. Databases storing
satellite imagery will hold many petabytes of data (1
petabyte = 1000 terabytes, or 10%° bytes).
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Larger and Larger Systems (cont)

« Handling such large databases required several
technological advances.

— Modern databases of modest size are stored on arrays of disks
(secondary storage devices).

— Databases almost never operate with the assumption that the “data”
will fit into main memory. Older systems typically only had
secondary storage devices in the form of magnetic tape (linear
technology).

« Two trends allow database systems to deal with larger
amounts of data faster.
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Trends Influencing Larger Databases

1. Tertiary Storage: The largest databases today
require more than disks. Tertiary devices tend to
store a terabyte each and have longer access
times than do disks.

— Typical disk access times are in the 10-20msec range.
A typical tertiary device may take several seconds.

— Tertiary devices involve transporting the object on
which the data Is stored to some reading device via a
robotic conveyance of some sort. It IS common to use
CDs as the tertiary medium.
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Trends Influencing Larger Databases

2. Parallel Computing: The ability to store enormous
volumes of data Is important, but it would be of little use
If we could not access large amounts of that data
quickly. Very large databases require speed enhancers.
Speed enhancement is handled In many different
fashions in modern databases including:

* Indexing structures

« Parallelism — both In terms of CPUs as well as In
terms of the database itself. To some extent,
distributed database systems can also be included as a
speed enhancer, although in a slightly different
manner, as we will see later in the term.
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Components of a DBMS
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Architecture of a DBMS
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Overview of DBMS Components

Stored Database and Meta-data:  The stored
database resides on secondary and tertiary devices. (At
any given moment some portion of the database will also
be mirrored in cache, but we will ignore this for the
moment.)

Meta-data i1s data about data. In this case the meta-data
IS a description of the data components of the database.
Offsets of fields within records. Typing information.
Schema information. Index information and so forth.

For a given database, a DBMS may maintain many
different indices designed to provide fast access to
random data. Most indices are represented as B-trees Iin
modern databases. B-trees tend to be short and fat
resulting in fast access from root to leaves.
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Overview of DBMS Components (cont)

« Storage Manager. In a simple database
system, the storage manager is nothing more
than the file system of the underlying OS. In
larger systems, for the purposes of efficiency,
the DBMS’s normally control storage on the
disk directly.

« The storage manager consists of two basic
components (1) the buffer manager, and (2) the
file manager.
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Overview of DBMS Components (cont)

File Manager: Keeps track of the location of files on
the disks and obtains the block or blocks containing a
file on request from the buffer manager. Disks are
typically blocked into regions of contiguous space
ranging between 2'2 and 2“4 bytes (between roughly
4000 to 16,000 bytes/block).

Buffer Manager: Handles main memory. IT obtains
blocks of data from the disk, via the file manager, and
chooses a page of main memory in which to store than
block. The paging algorithm will determine how long a
page will remain In main memory. However, the
transaction manager can also force a page in main
memory to be returned to disk (we’ll see the details of
this later in the term as well).
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Overview of DBMS Components (cont)

« Query Manager: Turns a query or database
manipulation, which may be expressed at a very
high level (e.g., SQL) into a sequence of request for
stored data such as specific tuples of a relation or
parts of an index to a relation.

« Often the hardest part of query processing Is query
optimization, which involves the formulation of a
good query execution strategy. We’ll deal with
query optimization in much greater detail later in the
semester.
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Overview of DBMS Components (cont)

 Transaction Manager: There are certain guarantees
that a DBMS must make when performing operations
on a database. These guarantees are often referred to
as the ACID properties.

— Atomicity: all of a transaction is executed or none of it is
executed.

—  Consistency: data cannot be in a inconsistent state.

— |solation: concurrent transactions must be isolated from each
other both in effect and in visibility.

— Durability: changes to the database caused by a transaction
must not be lost even if the system fails immediately after the
transaction completes.

#
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Derived Data vs. Physical Data

. Much of the data that appears in a database is there because it is
modeling the characteristics of the enterprise which is represented in the
database.

. For example, considering a database of students at UCF, we might
represent the names, SSN, and major of each student along with a set of
courses that they have taken accompanied by a grade in each of those
courses. Somewhere along the line, someone with proper access to the
database will have entered this data into the database in some fashion,
typically either manually or electronically. If we now assume that this
database also maintains, for each student, their GPA, then where does
this GPA value come from? Is it input in some fashion by some user?
Typically it isn’t, but rather it is calculated by the DBMS (more
specifically probably an application running on top of the DBMS, but
we’ll get to that later). Thus, a student’s GPA value is derived from
other data which is associated with that student. If the data on which
the GPA is derived changes in some fashion, then so too will the
derived value of the GPA.
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Derived Data vs. Physical Data (cont)

« Depending upon the level of sophistication of the
application layer and/or DBMS, the amount of derived data
which is resident in the database can be much larger than
the amount of “actual data” or “physical data”. Another
reality that surrounds derived data is the question which
concerns when or if it becomes “physical data” since there
IS no restriction that derived data ever be actually resident in
the database!

#
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Database Design

» For the system to be acceptable to the end-users,
the database design activity Is crucial.

« A poorly designed database will generate error
that may lead to bad decisions being made, which
may have serious repercussions for the
organization. On the other hand, a well-designed

database produces, in an efficient way, a system

that provides the correct information for the
decision-making process to succeed.
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Roles Iin the Database Environment

Data and Database Administrators

« The Data Administrator (DA) Is responsible for the
management of the data resource including database
planning, development and maintenance of standards,
policies and procedures, and conceptual/logical database
design.

« The Database Administrator (DBA) is responsible for the
physical realization of the database, including physical
database design and implementation, security and integrity
control, maintenance of the operational system, and
ensuring satisfactory performance of the applications for
users. The role of the DBA is more technically oriented
than that of the DA.
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Roles in the Database Environment (cont.)
Database Designers

* In large db design projects, we can distinguish
between two types of designers: logical database
designers and physical database designers.

— Logical database designers are concerned with
Identifying the data (the entities and attributes), the
relationships between the data, and the constraints on
the data that will be stored in the database.

— Physical database designers are highly dependent on the
target DBMS, and there may be more than one way of
Implementing a mechanism. The physical db designer
must be fully aware of the functionality of the target
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Roles in the Database Environment (cont.)

Application Developers

« Once the database has been implemented,
the application programs that provide the
required functionality for the end-users
must be implemented. This Is the
responsibility of the application developers.
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Roles in the Database Environment (cont.)
End Users

* End users are the “clients” for the database and
can be broadly categorized into two groups based
upon how they utilize the system.

— Naive users are typically unaware of the DBMS. They
access the database through specially written application
programs which attempt to make the operations as simple as
possible. They typically know nothing about the database or
the DBMS.

— Sophisticated users are familiar with the structure of the
database and the facilities offered by the DBMS. They will
typically use a high-level query language like SQL to
perform their required operations and may even write their
own application programs.
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Advantages of DBMS

control of data redundancy

economy of scale

data consistency

balance of conflicting requirements

more information from same data

improved data accessibility

amount of data available

increased productivity

sharing of data

improved maintenance

iImproved data integrity

increased concurrency

improved data security

improved backup and recovery

enforcement of standards

improved responsiveness
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Disadvantages of DBMS

complexity

size

cost of DBMSs

additional hardware costs

cost of conversion

performance (specific cases)

higher impact of failure
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Three-Levels of Abstraction |
Database System

user 1 user 2

View 1 View 2 external level

Conceptual external to conceptual level

Schema conceptual
mapping

Internal | internal
Schema mapping

internal level

physical data organization
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The External Level

 The external level is the user’s view of the database.

« This level describes that part of the database which is
relevant to each user.

« The external level consists of a number of different
external views of the db. Each user has a view of the “real
world” represented in a form that is familiar for that user.

« The external view includes only those entities, attributes,
and relationships in the “real world” that the user is
Interested In. Other entities, attributes, and relationships
may exist, but the user will be unaware that they even
exist.
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The External Level (cont)

e |t Is often the case that different external views will have
different representations of the same data.

— Example: one view may represent dates in the form of (month,
day, year) while another view may represent dates in the form of
(day, month, year).

« Some views may include derived or calculated data. This
IS data that is not actually stored in the database as such,
but created when needed.

— Example: one view may need to see a person’s age. However, this
IS probably not a stored value in the db since it would require daily
updates.  Rather, it is probably derived from stored data
representing the person’s date of birth and the current date.
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The Conceptual Level

 The conceptual level is the community view of the
database. This level describes what data Is stored In the
database and the relationships among the data.

« This is the level at which the logical structure of the entire
database as seen by the DBA is contained. It represents a
complete view of the data requirements of the organization
that Is independent of any storage considerations.

« The conceptual level supports each external view, in that
any data available to a user must be contained in, or
derivable from, the conceptual level.

« This level contains no storage-dependent details.

— For example, an entity may be defined as represented by an integer data
type at this level, but the number of bytes it occupies is not specified at
this level.
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The Internal Level

« The internal level represents the physical representation of
the database on the computer. This level describes how the
data is stored in the database.

« The internal level describes the physical implementation
necessary to achieve optimal runtime performance and
storage space utilization.

|t covers the data structures and file organizations used to
store the data on the storage devices.

* It interfaces with the OS access methods (file management
techniques for storing and retrieving data records) to place
the data on the storage devices, build indexes, retrieve the
data, and so on.
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The Physical Level

« Below the internal level is the physical level that may be
managed by the OS under the direction of the DBMS.

« The functions of the DBMS and the OS at the physical
level are not clear cut and will vary from system to system.

« Some DBMSs take advantage of many of the OS access
methods, while others will use only the most basic ones
and create their own file organizations.

» The physical level below the DBMS consists of items only
the OS knows, such as exactly how the sequencing is
Implemented and whether the fields of internal records are
stored as contiguous bytes on the disk.
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Schemas, Mappings, and Instances

« The overall description of the database is called the
database schema.

« There are three different types of schema in the database
and these are defined according to the levels of abstraction
of the three-level architecture.

— At the highest level, there are multiple external schema. Also
called subschemas, that correspond to different views of the data.

— At the conceptual level, there is one conceptual schema, which
describes all the entities, attributes, and relationships along with
their integrity constraints.

— At the lowest level of abstraction, there is one internal schema,
which is a complete description of the internal model, containing
the definition of the stored records, methods of representation, etc..
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Schemas, Mappings, and Instances (cont)

« The DBMS is responsible for mapping between these three
types of schema. It must also check the schemas for
consistency; in other words, the DBMS must check that
each external schema is derivable from the conceptual
schema, and it must use the information in the conceptual
schema to map between each external schema and the
Internal schema.

« The conceptual schema is related to the internal schema
through a conceptual/internal mapping. This enables the
DBMS to find the actual record or combination of records
In physical storage that constitute a logical record in the
conceptual schema, together with any constraints to be
enforced on the operations for that logical record.
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Schemas, Mappings, and Instances (cont)

« Each external schema is related to the conceptual schema
by an external/conceptual mapping. This enables the
DBMS to map names in the user’s view on to the relevant
part of the conceptual schema.
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Schemas, Mappings, and Instances (cont)

external view 1

sNo

fName

IName

age

salary

external view 2

staffNo

IName

branchNo

staffNo

fName

IName

DOB

salary

branchNo

conceptual level

struct STAFF
int staffNo;
int branchNo;
char fName[15];
chaf IName[15];
struct data dateofBirth;
float salary;
struct STAFF *next /*ptr to next STAFF record */
%
index staffNo; index branchNo; /*define indices for STAFF */

internal level
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Database Languages

« A data sublanguage consists of two parts: a Data Definition Language
(DDL) and a Data Manipulation Language (DML).

« The DDL is used to specify the database schema and the DML is used
to both read and update the database.

« These languages are called data sublanguages because they do not
Include constructs for all computing needs such as conditional or
iterative statements, which are provided by the high-level
programming languages.

« Most DBMSs have a facility for embedding the sublanguage in a high-
level programming language such as COBOL, Pascal, C, C++, Java, or
Visual Basic which is then called the host language.

« Most data sublanguages also provide a non-embedded or interactive
version of the language to be input directly from a terminal.
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The Data Definition Language (DDL)

« A Data Definition Language is a language that allows the
DBA or user to describe and name the entities, attributes,
and relationships required for the application, together with
any associated integrity and security constraints.

« The result of the compilation/execution of the DDL
statements is a set of tables stored iIn special files
collectively referred to as the system catalog. The system
catalog Is also commonly referred to as the data dictionary
or data directory.
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The Data Manipulation Language (DML)

« A Data Manipulation Language is a language that provides
a set of operations to support the basic data manipulation
operations on the data held in the database.

« DML operations usually include the following:

— Insertion of new data into the database.
— modification of data stored in the database.
— retrieval of data contained in the database.

— deletion of data from the database.

« The part of the DML that involves data retrieval is called a
guery language.
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DMLS (cont)

« DMLs are distinguished by their underlying retrieval constructs. We
can distinguish two basic types of DMLs: procedural and non-
procedural.

« Procedural DMLs are languages in which the user informs the system
what data is required and exactly how to retrieve that data.

« Non-procedural DMLs are languages in which the user informs the
system only of what data is required and leaves the how to retrieve the
data entirely up to the system.

e [t is common for procedural DMLs to be embedded in high-level
programming languages.

» Procedural DMLs tend to be more focused on individual records while
non-procedural DMLs tend to operate on sets of records.
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Fourth Generation Languages

« There Is no consensus as to what constitutes a 4GL. In
essences It Is a shorthand programming language. What
requires several hundred lines of code in a 3GL will
require only a few lines of code in a 4GL.

« 3GLs are procedural while 4GLs are non-procedural.
« 4GLs include spreadsheets and database languages.

« SQL and QBE are examples of 4GLs.
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Data Models

« A data model is an integrated collection of concepts for
describing and manipulating data, relationships between
data, and constraints on the data in an organization.

A model is a representation of “real world” objects and
events, and their associations. It is an abstraction that
concentrates on the essential, inherent aspects of an
organization and ignores accidental properties.

« A data model must provide the basic concepts and
notations that will allow database designers and end-users
unambiguously and accurately to communicate their
understanding of the organizational data.
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Data Models (cont.)

« A data model can be thought of as comprising
three components:

A structural part, consisting of a set of rules
according to which databases can be constructed.

A manipulative part, defining the types of operations
that are allowed on the data (this includes operations
that are used for updating or retrieving data from the
database and for changing the structure of the
database).

Possibly a set of integrity rules, which ensures that
the data iIs accurate.
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Data Models (cont.)

« Looking at the three level architecture, we can
Identify three different, related data models.

1. An external data model to represent each user’s view
of the organization.

2. A conceptual data model to represent the logical (or
community view) that is DBMS independent.

3. An internal data model to represent the conceptual
schema in such a way that it can be understood by the
DBMS.
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Data Models (cont.)

There have been many different data models
which have been theorized, utilized, developed,
and implemented over the years. They fall into
three broad categories: object-based, record-
based, and physical.

There are three principle record-based models:
the relational data model, the network data
model, and the hierarchical data model. Our
focus will be on the relational data model in this
course.
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Segment from enterprise data model (Pine Valley
Furniture Company) [simplified E-R diagram]

CUSTOMER Enterprise data model describes PRODUCT
the high-level entities in an
Places organization and the Has
relationship between these
entities
/I\Is placed by /l\ fs for
Contains ORDER
ORDER Is contained r‘n< LINE

#
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Information Systems Architecture (ISA)

« Conceptual blueprint for organization’ s desired
Information systems structure

 Consists of:
— Data (e.g. Enterprise Data Model — simplified ER Diagram)
— Processes — data flow diagrams, process decomposition, etc.
— Data Network — topology diagram

— People — people management using project management tools
(Gantt charts, etc.)

— Events and points in time (when processes are performed)
— Reasons for events and rules (e.g. decision tables)

”
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Information Engineering

« A data-oriented methodology to create and maintain
Information systems

 Top-down planning: a generic IS planning
methodology for obtaining a broad understanding of
the IS needed by the entire organization

 Four steps to Top-Down planning:
— Planning
— Analysis
— Design

— Implementation

#
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Information Systems Planning

Purpose: align information technology with organization’ s
business strategies

Three steps:
1. Identify strategic planning factors
a. Goals

b. Critical success factors
c. Problem areas

2. ldentify corporate planning objects
a. Organizational units
b. Locations
c. Business functions
d. Entity types
3. Develop enterprise model
a. Functional decomposition
b. Entity-relationship diagram
c. Planning matrices

#
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ldentify Strategic Planning Factors

« Organization goals — what we hope to
accomplish

e Critical success factors — what MUST work In
order for us to survive

 Problem areas — weaknesses we now have

#
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ldentify Corporate Planning Objects

 Organizational units — departments
 Organizational locations

« Business functions — groups of business
processes

« Entity types — the things we are trying to
model for the database

» Information systems — application programs

”
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Develop Enterprise Model

 Functional decomposition

— The process of breaking down the functions
of an organization into progressively greater
levels of detall.

 Enterprise data model
 Planning matrixes

#
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Example of process decomposition of an order
fulfillment function (Pine Valley Furniture)

Decomposition -- breaking
Order .
uliliment large tasks into smaller tasks
ulitfimen in a hierarchical structure

| chart

Fill customer
orders

Ship customer
orders

— T T T T

Receive
sales order

Check
customer credit

Create new
customer

Check product
availability

Create
invoice

Create
backorder
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Planning Matrixes

* Describe relationships
objects In the organization

* Types of matrixes:

between planning

— Function-to-data entity: which data are useful to each

function.

— Location-to-function: which function is performed where.
— Unit-to-function: which function is performed by which unit.
— |S-to-data entity: how each IS interacts with each data entity.

— |S-to-business objective: which IS supports each business

objective.
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Example business function-to-data entity matrix

T —

DataEntity | _| |G| | @ £ |o

Types c 5 s S0 |alE|>

Business 218 (2|12 =05 =

: S| I8 |E|Q L2 |T|E

Function (users) Ol 10 = £ |0 W

Business Planning X | X X [ X
Product Development X| X X X
Materials Management X| X| XX X X

Order Fulfillment X | X| X| XXX X | X X

Order Shipment X | X X[ X X X

Sales Summarization X | X X X X

Production Operations X[ X| XX X X | X

Finance and Accounting X | X| X| X|X XXX
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Two Approaches to Database and IS
Development

« SDLC

— System Development Life Cycle
— Detailed, well-planned development process

— Time-consuming, but comprehensive

— Long development cycle
« Rapid Prototyping

— Rapid application development (RAD)

— Cursory attempt at conceptual data modeling.

— Define database during development of initial prototype

— Repeat implementation and maintenance activities with

new prototype versions
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Systems Development Life Cycle

Planning

Purpose To monitor the
operation and usefulness
of a system, and to repair

Maintenance

and enhance the system

Deliverables Periodic
audits of the system to
demonstrate whether the
system is accurate and still
meets needs

Purpose To write programs,
build data files, test and install
the new system, train users,
and finalize documentation

Deliverables Programs that
work accurately and to
specifications, documentation,
and training materials

Implementation

-

Purpose To develop a preliminary understanding of a
business situation and how information systems might help
solve a problem or make an opportunity possible

Deliverable A written request to study the possible
changes to an existing system or the development of a

new system that address an information systems solution
to the business problems or opportunities

Analysis

Purpose To analyze the business
situation thoroughly to determine
requirements, to structure those

Design

requirements, and to select among
competing system features

Deliverables The functional
specifications for a system that meets
user requirements and is feasible to
develop and implement

Purpose To elicit and structure all
information requirements; to develop all
technology and organizational
specifications

Deliverables Detailed functional
specifications of all data, forms, reports,
displays, and processing rules; program
and database structures, technology
purchases, physical site plans, and
organizational redesigns
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Database Development Activities During The Systems Development Life Cycle

Planning

Database maintenance

e Analyze database and
database applications to
ensure that evolving
information
requirements are met

e Tune database for
improved performance

e Fix errors in database
and database
applications and
recover database when
it is contaminated

Database
maintenance

Database implementation

e Code and test database Database

Enterprise modeling

* Analyze current data processing

* Analyze the general business functions and their
database needs

e Justify need for new data and databases in support of
business

Conceptual data modeling

* |ldentify scope of database requirements for proposed
information system

e Analyze overall data requirements for business

function(s) supported by database

Conceptual data modeling, cont’d.
e Develop preliminary conceptual data
model, including entities and

Analysis

relationships

e Compare preliminary conceptual data
model with enterprise data model

e Develop detailed conceptual data
model, including all entities,
relationships, attributes, and
business rules

e Make conceptual data model
consistent with other models of
information system

e Populate repository with all
conceptual database specifications

processing programs implementation

e Complete database
documentation and training
materials

e Install database and convert
data from prior systems

Logical database design
e Analyze in detail the transactions, forms,
displays, and inquiries (database views)

Database
design

required by the business functions
supported by the database

e |Integrate database views into
conceptual data model

e |dentify data integrity and security
requirements, and populate repository

Physical database design and definition

e Define database to DBMS (often
generated from repository)

* Decide on physical organization of data

e Design database processing programs
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problem

Initial
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system
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use prototype
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Database Design

« The database design process can be divided into six basic
steps. Semantic data models are most relevant to only the
first three of these steps.

1. Requirements Analysis: The first step in designing a
database application is to understand what data iIs to be
stored in the database, what applications must be built on
top of it, and what operations are most frequent and subject
to performance requirements. Often this is an informal
process involving discussions with user groups and
studying the current environment. Examining existing
applications expected to be replaced or complemented by
the database system.
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Database Design (cont)

2. Conceptual Database Design: The information gathered in
the requirements analysis step is used to develop a high-
level description of the data to be stored in the database,

along with the constraints that are known to hold on this
data.

. Logical Database Design: A DBMS must be selected to
Implement the database and to convert the conceptual
database design into a database schema within the data
model of the chosen DBMS.
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Database Design (cont)

4. Schema Refinement: In this step the schemas developed In
step 3 above are analyzed for potential problems. It is in
this step that the database is normalized. Normalization of
a database iIs based upon some elegant and powerful
mathematical theory. We will discuss normalization later
In the term.

5. Physical Database Design: At this stage in the design of a
database, potential workloads and access patterns are
simulated to identify potential weaknesses iIn the
conceptual database. This will often cause the creation of
additional indices and/or clustering relations. In critical
situations, the entire conceptual model will need
restructuring.
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Database Design (cont)

6. Security Design: Different user groups are identified and
their different roles are analyzed so that access patterns to
the data can be defined.

« There Is often a seventh step in this process with the last
step being a tuning phase, during which the database is
made operational (although it may be through a
simulation) and further refinements are made as the system
is “tweaked” to provide the expected environment.

« The illustration on the following page summarizes the
main phases of database design.
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Database Design (cont)

l

Requirements Collection and Analysis

FunctionaIlRequirements 4/DatatmseRequirements

!

Functional Analysis Conceptual Design

} ]

High-level Transaction Specification Conceptual Schema (high-level data model)

!

Logical Design — (data model mapping)
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Application Program Design Logical Schema (data model of specific DBMS)

Y Physical Design

Transaction Implementation
1 \ Internal ISchema

Application Programs

DBMS-specific
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