CHAPTER 8

PHYSICAL DATABASE
DESIGN

f computers ran af infinifely fast speeds and data stored on disks could be found

and brought info primary memory for processing literally instantly, then logical
database design would be the only kind of database design to talk about. Well siructured,
redundancy-free third normal form tables are the ideal relational database structures and,
in a world of infinife speeds, would be practical, too. But, as fast as computers have
become, their speeds are ceriainly not infinite and the time necessary fo find data stored
on disks and bring it info primary memory for processing are crucial issues in whether
an application runs as fast as it must. For example, if you telephone your insurance
company fo ask about a claim you filed and the customer service agent fakes fwo minutes
to find the relevant records in the company’s information system, you might well become
frustrated with the company and question its ability to handle your business competently.
Data siorage, refrieval, and processing speeds do matfer. Regardless of how elegant
an application and its database structures are, if the applicafion runs so slowly that it
is unacceptable in the business environment, it will be a failure. This chapter addresses
how fo take o well siructured relational database design and medify it for improved
performance.

OBJECTIVES

Describe the principles of file organizations and access methods.

Describe how disk storage devices work.

Describe the concept of physical database design.

List and describe the inputs to the physical database design process.

Describe a variety of physical database design techniques ranging from adding
indexes to denormalization.
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FIGURE 8.1
Factors affecting application
and dotabase performance

Inputs to Physical Database Design
The Tables Produced by the
Logical Database Design Process
Business Environment Requirements
Data Characteristics
Application Characteristics
Operational Requirements: Dafa
Security, Backup, and Recovery

Rearganizing Stored Data
Splitting a Table info Multiple Tables
Changing Attributes in a Table
Adding Attributes fo a Table
Combining Tables
Adding New Tables
Example: Good Reading Book Stores
Example: World Music Association

Physical Database Design Techniques Example: Lucky Rent-A-Car
Adding External Features Summary

INTRODUCTION

Database performance can be adversely affected by a wide variety of factors,
as shown in Figure 8.1. Some factors are a result of application requirements and
often the most obvious culprit is the need for joins. Joins are an elegant solution
to the need for data integration. but they can be unacceptably slow in many cases.
Also, the need to calculate and retrieve the same totals of numeric data over and
over again can cause performance problems. Another type of factor is very large
volumes of data. Data is the lifeblood of an information system, but when there is a
lot of it, care must be taken to store and retrieve it efficiently to maintain acceptable
performance. Certain factors involving the structure of the data, such as the amount
of direct access provided and the presence of clumsy, multi-attribute primary keys,
can certainly affect performance. If related data in different tables that must be
retrieved together is physically dispersed on the disk, retrieval performance will be
slower than if the data is stored physically close together on the disk. Finally, the
business environment often presents significant performance challenges. We want
data to be shared and to be widely used for the benefit of the business. However, a
very large number of access operations to the same data can cause a bottleneck that

Factors Affecting Application and Database Performance
¢ Application Factors

= Need for Joins

= Need to Calculate Totals

Data Factors

= Large Data Volumes

Database Structure Factors

s Lack of Direct Access

» Clumsy Primary Keys

L]

Data Storage Factors

= Related Data Dispersed on Disk

e Business Environment Factors

= Too Many Data Access Operations
= QOverly Liberal Data Access
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IN ACTION

Ducks Unlimited [“DU"] is the
world's largest wetlands conservation organization. It
was founded in 1937 when sporismen realized that they
were seeing fewer ducks on their migratory paths and the
cause was found fo be the destruction of their weilands
breeding areas. Today, with programs reaching from the
arciic tundra of Alaska fo the tropical weilands of Mexico,
DU is dedicated, in priorify order, fo preserving existing
wetlands, rebuilding former wetlands, and building new
wetlands. DU is a non-profit organization headquartered
in Memphis, TN, with regional offices located in the
four major North American duck “flyways”. DU also
works with affiliated organizations in Canada and
Mexico to deliver their mufual conservation mission. DU
has 600 employees, over 70,000 volunteers, 756,000
paying members, and over one million tofal contributors.
Currently its annual income exceeds $140 million.

In 1999, Ducks Unlimited introduced a major rela-
tional dafabase application that it calls its Conservation
Sysiem, or “Conserv’’ for short. located at ifs Mem-
phis headquarters, Conserv is a projectiracking sysiem
that manages both the operational and financial aspects

of DU’s weflands conservation projects. In ferms of
operations, Conserv fracks the phases of each project and
the subcontractors performing the work. As for finances,
Conserv coordinates the chargeback of subcontractor
fees o the “cooperators” {generally federal agencies,
landowners, or large confributors) who sponsor the
projects.

Conserv is based on the Oracle DBMS and runs
on COMPAQ servers. The database has several main
tables, including the Project table and the Agreemeni
[with cooperators] fable, each of which has several
subtables. DU employees query the database with Oracle
Discoverer fo check how much money has been spent
on a project and how much of the expenses have been
recovered from the cooperators, as ftwo examples. Each
night, Conserv sends data fo and receives dafa from a
separate relational database running on an 1BM AS/400
sysem that handles membership data, donor history,
and accounting functions such as invoicing and accounts
payable. Conserv data can even be sentto a geographic
information system (GIS] that displays the projects on
maps.

Phato Courtesy of Ducks Unlimited
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FIGURE 8.2
Primory ond secondary memory
are like o broin and o Ghrory

can ruin the performance of an application environment. And giving people access
to more data than they need to see can be a security risk.

Physical database design is the process of modifying a database structure
to improve the performance of the run-time environment. That is, we are going
to modify the third normal form tables produced by the logical database design
techniques to speed up the applications that will use them. A variety of kinds of
modifications can be made, ranging from simply adding indexes to making major
changes to the table structures. Some of the changes, while making some applications
run faster, may make other applications that share the data run slower. Some of
the changes may even compromise the principle of avoiding data redundancy! We
will investigate and explain a number of physical database design techniques in this
chapter, pointing out the advantages and disadvantages of each.

In order to discuss physical database design, we will begin with a review of
disk storage devices, file organizations, and access methods.

DISK STORAGE

The Need for Disk Storage

Computers execute programs and process data in their main or primary memory.
Primary memory is very fast and certainly does permit direct access, but it has
several drawbacks:

m It is relatively expensive.

m It is not transportable (that is, you can’t remove it from the computer and carry it
away with you, as you can an external hard drive).

m It is volatile. When you turn the computer off you lose whatever data is
stored in it.

Because of these shortcomings, the vast volumes of data and the programs
that process them are held on secondary memory devices. Data is loaded from
secondary memory into primary memory when required for processing (as are
programs when they are to be executed). A loose analogy can be drawn between
primary and secondary memory in a computer system and a person’s brain and a
library, Figure 8.2. The brain cannot possibly hold all of the information a person
might need, but (let’s say) a large library can. So when a person needs some
particular information that’s not in her brain at the moment, she finds a book in the
library that has the information and, by reading it. transfers the information from
the book to her brain. Secondary memory devices in use today include compact
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disks and magnetic tape, but by far the predominant secondary memory technology
in use today is magnetic disk, or simply *‘disk.”

How Disk Storage Works

The Structure of Disk Devices Disk devices, commonly called **disk drives,” come
in a variety of types and capacities ranging from a single aluminum or ceramic disk
or “platter” to large multi-platter units that hold many billions of bytes of data.
Some disk devices, like “*external hard drives,” are designed to be removable and
transportable from computer to computer; others, such as the “fixed” or ““hard™
disk drives in PCs and the disk drives associated with larger computers, are designed
to be non-removable. The platters have a metallic coating that can be magnetized
and this is how the data is stored, bit by bit. Disks are very fast in storage and
retrieval times (although not nearly as fast as primary memory), provide a direct
access capability to the data, are less expensive than primary memory units on a
byte-by-byte basis, and are non-volatile (when you turn off the computer or unplug
the external drive, you don’t lose the data on the disk).

It is important to see how data is arranged on disks to understand how they
provide a direct access capability. It is also important because certain decisions on
how to arrange file or database storage on a disk can seriously affect the performance
of the applications using the data.

In the large disk devices used with mainframe computers and mid-sized
“*servers’” (as well as the hard drives or fixed disks in PCs), several disk platters are
stacked together and mounted on a central spindle. with some space between them,
Figure 8.3. In common usage, even a multi-platter arrangement like this is simply
referred to as “‘the disk.”” Each of the two surfaces of a platter is a recording surface
on which data can be stored. (Note: [n some of these devices, the upper surface of
the topmost platter and the lower surface of the bottommost platter are not used for
storing data. We will assume this situation in the following text and figures.) The
platter arrangement spins at high speed in the disk drive. The basic disk drive (there
are more complex variations) has an ‘access-arm mechanism™ with arms that can
reach in between the disks, Figure 8.4. At the end of each arm are two “‘read/write
heads,”” one for storing and retrieving data from the recording surface above the arm
and the other for the surface below the arm, as shown in the figure. It is important to
understand that the entire access-arm mechanism always moves as a unit in and out
among the disk platters, so that the read/write heads are always p aligned exactly

" one above the other in a straight line. The platters spin at high velocity on the central
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FIGURE 8.4
A disk drive with its access arm
mechonism and reod /write heods

FIGURE 8.5
Tracks on a recording surface

A Read/write heads
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spindle, all together as a single unit. The spinning of the platters and the ability of
the access-arm mechanism to move in and out allows the read/write heads to be
located over any piece of data on the entire unit, many times each second, and it is
this mechanical system that provides the direct access capability.

Tracks Onarecording surface, data is stored, serially by bit (bitby bit, byte by byte,
field by field, record by record), in concentric circles known as tracks, Figure §.5.
There may be fewer than one hundred or several hundred tracks on each recording
surface, depending on the particular device. Typically, each track holds the same
amount of data. The tracks on a recording surface are numbered track O, track I,
track 2. and so on. How would you store the records of a large file on a disk? You
might assume that you would fill up the first track on a particular surface, then fill up
the next track on the surface, then the next, and so on until you have filled an entire
surface. Then you would move on to the next surface. At first, this sounds reasonable
and perhaps even obvious. But it turns out it's problematic. Every time you move
from one track to the next on a surface, the device’s access-arm mechanism has to
move. That's the only way that the read/write head, which can read or write only
one track at a time, can get from one track to another on a given recording surface.
But the access-arm mechanism’s movement is a slow, mechanical motion compared
to the electronic processing speeds in the computer’s CPU and main memory. There
is a better way to store the file!

Cylinders  Figure 8.6 shows the disk’s access-arm mechanism positioned so that
the read/write head for recording surface 0 is positioned at that surface’s track 76.

Recording
surface

Track O
Track 1
Track 2




FIGURE 8.6
Each read /vaite head positioned over
track 76 of ifs recording surface

FIGURES.7

The collection of each recording surfoce’s
track 76 looks like a cylinder. This
collection of tracks is called cylinder 76
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Each read/write head
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of its recording surface

Since the entire access-arm mechanism moves as a unit and the read/write heads are
always one over the other in a line, the read/write head for recording surface 1 is
positioned at that surface’s track 76, too. In fact, each surface’s read/write head is
positioned over its track 76. If you picture the collection of each surface’s track 76,
one above the other, they seem to take the shape of a cylinder, Figure 8.7. Indeed,
each collection of tracks, one from each recording surface, one directly above the
other, is known as a cylinder. Notice that the number of cylinders in a disk is equal
to the number of tracks on any one of its recording surfaces.

If we want to number the cylinders in a disk, which seems like a reasonable
thing to do, it is certainly convenient to give a cylinder the number corresponding
to the track numbers it contains. Thus, the cylinder in Figure 8.7, which is made
up of track 76 from each recording surface, will be numbered and called cylinder
76. There is one more point to make. So far, the numbering we have looked at
has been the numbering of the tracks on the recording surfaces, which also led
to the numbering of the cylinders. But, once we have established a cylinder, it
is also necessary to number the tracks within the cylinder, Figure 8.8. Typically,
these are numbered 0, 1, ..., n, which corresponds to the numbers of the recording
surfaces. What will ““#”" be? That’s the same question as how many tracks are
there in a cylinder, but we’ve already answered that question. Since each recording
surface ““contributes’” one track to each cylinder, the number of tracks in a cylinder
is the same as the number of recording surfaces in a disk. The bottom line is to
remember that we are going to number the tracks across a recording surface and
then, perpendicular to that, we are also going to number the tracks in a cylinder.

#—— Track 76 of Recording Surface 2
— Track 76 of Recording Surface 1
— Track 76 of Recording Surface 0
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FIGURE 8.8
Cylinder 76’ tracks

v frack2of cylinder 76
= Track 1 of cylinder 76
—— Track O of cylinder 76

Why is the concept of the cylinder important? Because in storing or retrieving
data on a disk, you can move from one track of a cylinder to another without having
to move the access-arm mechanism. The operation of turning off one read/write head
and turning on another is an electrical switch that takes almost no time compared to
the time it takes to move the access-arm mechanism. Thus, the ideal way to store
data on a disk is to fill one cylinder and then move on to the next cylinder, and so on.
This speeds up the applications that use the data considerably. Incidentally, it may
seem that this is important only when reading files sequentially, as opposed to when
performing the more important direct access operations. But we will see later that
in many database situations closely related pieces of data will have to be accessed
together, so that storing them in such a way that they can be retrieved quickly can
be a big advantage.

Steps in Finding and Transferring Data  Summarizing the way these disk devices
work, there are four major steps or timing considerations in the transfer of data from
a disk to primary memory:

I. Seek Time: The time it takes to move the access-arm mechanism to the correct
cylinder from its current position.

2. Head Switching: Selecting the read/write head to access the required track of
the cylinder.

3. Rotational Delay: Waiting for the desired data on the track to arrive under the
read/write head as the disk is spinning. On average, this takes half the time of one
full rotation of the disk. That's because, as the disk is spinning, at one extreme
the needed data might have just arrived under the read/write head at the instant
the head was turned on. while at the other extreme you might have just missed
it and have to wait for a full rotation. On the average, this works out to half a
rotation.

4. Transfer Time: The time to move the data from the disk to primary memory
once steps 1-3 have been completed.

One last point. Another term for a record in a file is a logical record. Since
the rate of processing data in the CPU is much faster than the rate at which data
can be brought in from secondary memory, it is often advisable to transfer several
consecutively stored logical records at a time. Once such a physical record or block
of several logical records has been brought into primary memory from the disk,
each logical record can be examined and processed as necessary by the executing
program.
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FILE ORGANIZATIONS AND ACCESS METHODS

The Goal: Locating a Record

Depending on application requirements, we might want to retrieve the records of a
file on either a sequential or a direct-access basis. Disk devices can store records in
some logical sequence, if we wish, and can access records in the middle of a file.
But that’s still not enough to accomplish direct access. Direct access requires the
combination of a direct access device and the proper accompanying software.

Say that a file consists of many thousands or even a few million records.
Further, say that there is a single record that you want to retrieve and you know the
value of its unique identifier, its key. The question is, how do you know where it
is on the disk? The disk device may be capable of going directly into the middle
of a file to pull out a record, but how does it know where that particular record is?
Remember, what we’re trying to avoid is having it read through the file in sequence
until it finds the record being sought. It's not magic (nothing in a computer ever is)
and it is important to have a basic understanding of each of the steps in working with
simple files, including this step, before we talk about databases. This brings us to
the subject known as ““file organizations and access methods,”” which refers to how
we store the records of a file on the disk and how we retrieve them. We refer to the
way that we store the data for subsequent retrieval as the file organization. The way
that we retrieve the data, based on it being stored in a particular file organization. is
called the access method. (Note in passing that the terms ‘‘file organization™ and
“*access method™” are often used synonymously, but this is technically incorrect.)

What we are primarily concerned with is how to achieve direct access to the
records of a file, since this is the predominant mode of file operation, today. In terms
of file organizations and access methods, there are basically two ways of achieving
direct access. One involves the use of a tool known as an “‘index.” The other is
based on a way of storing and retrieving records known as a **hashing method.™
The idea is that if we know the value of a field of a record we want to retrieve, the
index or hashing method will pinpoint its location in the file and tell the hardware
mechanisms of the disk device where to find it.

The Index

The interesting thing about the concept of an index is that, while we are interested
in it as a tool for direct access to the records in files, the principle involved is exactly
the same as of the index in the back of a book. After all, a book is a storage medium
for information about some subject. And, in both books and files, we want to be able
to find some portion of the contents ““directly”” without having to scan sequentially
from the beginning of the book or file until we find it. With a book, there are really
three choices for finding a particular portion of the contents. One is a sequential
scan of every page starting from the beginning of the book and continuing until the
desired content is found. The second is using the table of contents. The table of
contents in the front of the book summarizes what is in the book by major topics,
and it is written in the same order as the material in the book. To use the table of
contents, you have to scan through it from the beginning and, because the items it
includes are summarized and written at a pretty high level, there is a good chance
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FIGURE 8.9
The index in o book

that you won’t find what you're looking for. Even if you do, you will typically be
directed to a page in the vicinity of the topic you're looking for, not to the exact page.
The third choice is to use the index at the back of the book. The index is arranged
alphabetically by item. As humans, we can do a quick, efficient search through the
index, using the fact that the items in it are in alphabetic order, to quickly home in
on the topic of interest. Then what? Next to the located item in the index appears a
page number. Think of the page number as the address of the item you're looking
for. In fact, it is a ““direct pointer” to the page in the book where the material
appears. You proceed directly to that page and find the material there, Figure 8.9.

The index in the back of a book has three key elements that are also
characteristic of information systems indexes:

m The items of interest are copied over into the index but the original text is not
disturbed in any way.

m The items copied over into the index are sorted (alphabetized in the index at the
back of a book).

@ Each item in the index is associated with a ““pointer”” (in a book index this is a
page number) pointing to the place in the text where the item can be found.

Simple Linear Index The indexes used in information systems come in a variety of
types and styles. We will start with what is called a “*simple linear index,”” because
it is relatively easy to understand and is very close in structure to the index in the
back of a book. On the right-hand side of Figure 8.10 is the Salesperson file. As
before, it is in order by the unique Salesperson Number field. It is reasonable to
assume that the records in this file are stored on the disk in the sequence shown in
Figure 8.10. (We note in passing that retrieving the records in physical sequence,
as they are stored on the disk, would also be retrieving them in logical sequence
by salesperson number, since they were ordered on salesperson number when they
were stored.) Figure 8.10 also shows that we have numbered the records of the file
with a *‘Record Number®” or a *‘Relative Record Number™” (*‘relative™ because the
record number is relative to the beginning of the file). These record numbers are a
handy way of referring (o the records of the file and using such record numbers is

Octopus, 21}
clopus, S .
“actory, ™




FIGURE 8.10
Salesperson file on the right with index

built over the Solesperson Name field, on
the left

FIGURE .11
Salesperson file on the right with index
built over the City field, on the left
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Index Salesperson File
Salesperson Record Record  Salesperson  Sulesperson
Nome Address Number Number Name (ity
Adams 3 1 119 Taylor New York
Baker 2\ 2 137 Baker Detroit
Carlyle 6 3 186 Adams  Dallas
Dickens 4 4 204 Dickens  Dallas
Green 7 3 235 Lincoln  Atlanta
Lincoln 5 6 361 Carlyle  Detroit
Taylor | 7 420 Green Tucson

considered another way of *“physically’” locating a record in a file, just as acylinder
and track address is a physical address.

On the left-hand side of Figure 8.10 is an index built over the Salesperson
Name field of the Salesperson file. Notice that the three rules for building an index
in 2 book were observed here. too. The indexed items were copied over from the
file to the index and the file was not disturbed in any way. The items in the index
were sorted. Finally, each indexed item was associated with a physical address, in
this case the relative record number (the equivalent of a page number in a book)
of the record of the Salesperson file from which it came. The first “index record”™”
shows Adams 3 because the record of the Salesperson file with salesperson name
Adams is at relative record location 3 in the Salesperson file. Notice the similarity
between this index and the index in the back of a book. Justas you can quickly find
an item you are looking for in a book’s index because the items are in alphabetic
order, a programmed procedure could quickly find one of the salespersons’ names
in the index because they are in sorted order. Then, just as the item that you found
in the book’s index has a page number next to it telling you where to look for the
detailed information you seek, the index record in the index of Figure 8.10 has the
relative record number of the record of the Salesperson file that has the information,
i.e. the record, that you are looking for. &

Figure 8.11, with an index built over the City field, demonstrates another point
about indexes. An index can be built over a field with non-unique values.

Index Salesperson File
Record Record  Salesperson  Salesperson

City Address Humber  Number Nome Gity
Atlanta 5 | 119 Taylor New York
Dallas 3 2 137 Baker Detroit
Dallas 4 . 186 - Adams Dallas
Detroit 2 4 2 Dickens Dallas
Detroit 6 8 255 Linceln  Atlanta
New York I 6 361 Carlyle  Detroit
Tucson F 7 420 Green Tucson
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FIGURE8.12

Salesperson file on the right with index
built aver the Solesperson Number field,
on the left

Index Salespersan File

Salesperson Record Record  Solesperson  Salesperson

Number Address Humber ~ Number Nome City
119 I I 119 Taylor New York
137 2 2 137 Baker Detroit
186 3 3 186 Adams Dallas
204 4 4 204 Dickens  Dallas
235 5 3 255 Lincoln  Atlanta
361 6 6 361 Carlyle  Detroit
420 7 7 420 Green Tucson

Figure 8.12 shows the Salesperson file with an index built over the Salesperson
Number field. This is an important concept known as an *‘indexed-sequential file.”
In an indexed-sequential file, the file is stored on the disk in order based on a set
of field values (in this case the salesperson numbers) and an index is built over that
same field. This allows both sequential and direct access by the key field, which can
be an advantage when applications with different retrieval requirements share the
file. The odd thing about this index is that since the Salesperson file was already
in sequence by the Salesperson Number field, when the salesperson numbers were
copied over into the index they were already in sorted order! Further, for the same
reason, the record addresses are also in order. In fact, in Figure 8.12, the Salesperson
Number field in the Salesperson file, with the list of relative record numbers next
to it, appears to be identical to the index. But then, why bother having an index
built over the Salesperson Number field at all? In principle, the reason is that when
the search algorithm processes the salesperson numbers, they have to be in primary
memory. Again in principle, it would be much more efficient to bring the smaller
index into primary memory for this purpose than to bring the entire Salesperson file
in just to process the Salesperson Number field.

Why, in the last couple of sentences, did we keep using the phrase, “‘in
principle?”” The answer to this is closely tied to the question of whether simple
linear indexes are practical for use in even moderately sized information systems
applications. And the answer is that they are not. One reason (and here is where
the ““in principle’” in the last paragraph come in) is that, even if the simple linear
index is made up of just two columns, it would still be clumsy to try to move all or
even parts of it into primary memory to use it in a search. At best, it would require
many read operations to the disk on which the index is located. The second reason
has to do with inserting new disk records. Look once again at the Salesperson file
and the index in Figure 8.10. Say that a new salesperson named French is hired
and assigned salesperson number 452. Her record can be inserted at the end of the
Salesperson file, where it would become record number 8. But the index would have
to be updated, too: an index record. French 8, would have to be inserted between
the index records for Dickens and Green to maintain the crucial alphabetic or sorted
sequence of the index, Figure 8.13. The problem is that there is no cbvious way
to accomplish that insertion unless we move all the index records from Green to
Taylor down one record position. In even a moderate-size file, that would clearly
be impractical!
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Salesperson file with the insertion of a
record for #452 French. But how con you
squeeze fhe index record info the proper
sequence?
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Index Salesparson File

Salesperson Record Record  Salesparson  Salesperson
Nome Address Number  Number Nome Gty
Adams 3 1 119 Taylor New York
Baker & 2 137 Baker Detroit
Carlyle 6 3 186 Adams Dallas
Dickens 4 4 204 Dickens Dallas
Green 7 5 255 Lincoln  Atlanta
Lincoln 3 6 361 Carlyle Detroit
Taylor 1 & 420 Green Tucson

' 8 452 French New York
French 8 —// ?

Indeed, the simple linear index is not a good solution for indexing the records
of a file. This leads us to another kind of index that is suitable for indexing even
very large files, the B+-tree index.

B+-Tree Index The B-+-tree index, in its many variations {and there are many.,
including one called the B*-tree), is far and away the most commeon data-indexing
system in use today. Assume that the Salesperson File now includes records for
several hundred salespersons. Figure 8.14 is a variation of how the B+-tree index
works. The figure shows the salesperson records arranged in sequence by the
Salesperson Number field on ten cylinders (numbered 1-10) of a disk. Above the
ten cylinders is an arrangement of special index records in what is known as a
““ree.”” There is a single index record, known as the “‘root,”” at the top, with
““branches’” leading down from it to other “‘nodes.”” Sometimes the lowest-level
nodes are called “‘leaves.” For the terminology, think of it as a real tree turned
upside-down with the roots clumped into a single point at the top, Figure 8.15.

0 UR 8.1 Simpie LINEAR INDEXES

TURHN

That's an index, fool]

When we think of indexes (other than  Quesmon:
those used to access data in computers], most people Choose a set of objects in your world and develop a

would agree that those thoughts would be limited to the simple linear index to help you find them when you
indexes in the backs of books. But, if we want to and need to. For example, you may have CDs or DVDs an
it makes sense, we can creaie indexes fo help us find different shelves of a bookcase or in different rooms
objects in our world other than items inside books. (By of your house. In this example, what would be the
the way, have you ever seen a directory in a department identifier in the index for each CD or DVDZ What
store that lists its departments alphabetically and then, would be the physical location in the index? Think
next to each depariment name, indicafes the floor it's on? of another set of objects and develop an index for

them.
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Records Records Records Records Records
with with with with 1 with
Salesperson | Salesperson Salesperson Salesperson Salesperson
Numbers | Numbers Numbers Mumbers Numbers
081-140 145192 197-253 260-307 310-368

Cylinder 1 Cylinder 2 Cylinder 3 Cylinder 4 Cylinder 5

Records Records Records
with with with |
Salesperson | Salesperson Salespersan Salesperson | Salesperson
Numbers Numbers Numbers Numbers Numbers
371416 422477 479-529 533-578 582-641
Cylinder & Cylinder 7 Cylinder 8 Cylinder 9 Cylinder 10
FIGURES.14

Salesperson file with o B-+tree index

Alternatively, you can think of it as a family tree, which normally has this same
kind of top-to-bottom orientation.

Ground

FIGURE8.15
Arecl tree, upside down, with the roofs
clumped together into a single point ' {“Terminal Node")
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Notice the following about the index records in the tree:

m The index records contain salesperson number key values copied from certain of
the salesperson records.

m Each key value in the tree is associated with a pointer that is the address of either
a lower-level index record or a cylinder containing the salesperson records.

m Each index record, at every level of the tree, contains space for the same number
of key value/pointer pairs (four in this example). This index record capacity is
arbitrary, but once it is set, it must be the same for every index record at every
level of the index.

m Each index record is at least half full (in this example each record actually
contains at least two key value/pointer pairs).

How are the key values in the index tree constructed and how are the pointers
arranged? The lowest level of the tree contains the highest key value of the
salesperson records on each of the 10 data cylinders. That’s why there are 10 key
values in the lowest level of the index tree. Each of those 10 key values has a
pointer to the data cylinder from which it was copied. For example. the leftmost
index record on the lowest level of the tree contains key values 140, 192, and 253,
which are the highest key values on cylinders 1. 2, and 3, respectively. The root
index record contains the highest key value of each of the index records at the next
(which happens to be the last in this case) level down. Looking down from the root
index record, notice that 253 is the highest key value of the first index record at the
next level down, and so on for key values 477 and 641 in the root.

Let’s say that you want to perform a direct access for the record for salesperson
361. A stored search routine would start at the root and scan its key values from left
to right, looking for the first key value greater than or equal to 361, the key value for
which you are searching. Starting from the left, the first key value in the root greater
than or equal to 361 is 477. The routine would then follow the pointer associated
with key value 477 to the second of the three index records at the next level. The
search would be repeated in that index record, following the same rules. This time,
key value 368 is the first one from the left that is higher than or equal to 361. The
routine would then follow the pointer associated with key value 368 to cylinder 5.
Additional search cues within the cylinder could then point to the track and possibly
even the position on the track at which the record for salesperson 361 is to be found.

There are several additional points to note about this B-+-tree arrangement:

m The tree index is small and can be kept in main memory indefinitely for a
frequently accessed file.

@ The file and index of Figure 8.14 fit the definition of an indexed-sequential file,
because the file is stored in sequence by salesperson numbers and the index is
built over the Salesperson Number field.

m The file can be retrieved in sequence by salesperson number by pointing from
the end of one cylinder to the beginning of the next, as is typically done, without
even using the tree index. ;

m B-tree indexes can be and are routinely used to also index non-key, non-unique
fields, although the tree can be deeper and/or the structures at the end of the tree
can be more complicated.

®m In general, the storage unit for groups of records can be (as in the above example)
but need not be the cylinder or any other physical device sub-unit.
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FIGURE 8.16

The records of cylinder 5 plus the

newdy odded record, divided between
cylinder 5 and an empty reserve cylinder,
cylinder 11

The final point to make about B-+-tree indexes is that, unlike simple linear
indexes, they are designed to comfortably handle the insertion of new records into
the file and the deletion of records. The principle for this is based on the idea of unit
splits and contractions, both at the record storage level and at the index tree level.
For example, say that a new record with salesperson number 365 must be inserted.
Starting from the root and following the same procedure for a record search, the
computer determines that this record should be located on Cylinder 5 in order to
maintain the sequence of the records based on the salesperson number key. If there
is room on the track on the cylinder that it should go into to maintain the sequence,
the other records can be shifted over and there is no problem. If the track it should
go into is full but another track on the cylinder has been left empty as a reserve,
then the set of records on the full track plus the one for 365 can be “*split,”” with
half of them staying on the original track and the other half moving to the reserve
track. There would also have fo be a mechanism to maintain the proper sequence of
tracks within the cylinder, as the split may have thrown it off.

But suppose that cylinder 5 is completely full. Then the collection of records
on the entire cylinder has to be split between cylinder 5 and an empty reserve
cylinder, say cylinder 11, Figure 8.16. That’s fine, except that the key value of 368
in the tree index’s lowest level still points to cylinder 5 while the record with key
value 368 is now on cylinder 11. Furthermore, there is no key value/pointer pair
representing cylinder 11 in the tree index, at all! If the lowest-level index record
containing key value 368 had room, a pointer to the new cylinder could be added and
the keys in the key value/pointer pairs adjusted. But, as can be seen in Figure 8.14,
there is no room in that index record.

Figure 8.17 shows how this situation is handled. The index record into which
the key for the new cylinder should go (the middle of the three index records at
the lower level), which happens to be full, is split into two index records. The
now five instead of four key values and their associated pointers are divided, as
equally as possible, between them. But, in Figure 8.14, there were three key values
in the record at the next level up (which happens to be the root), and now there
are four index records instead of the previous three at the lower level. As shown in
Figure 8.17, the empty space in the root index record is used to accommodate the
new fourth index record at the lower level. What would have happened if the root
index record had already been full? It would have been split in half and a new root
at the next level up would have been created, expanding the index tree from two
levels of index records to three levels.

Records
with

Salesperson
Numbers

310-330 Records
with
Cylinder 5 Salesperson

Numbers
332-368

Cylinder 11




FIGURE 8.17
The B-+-free index after the
cylinder 5 split
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Remember the following about indexes:

sttt s | .
B
3l

@ An index can be built over any field of a file, whether or not the file is in physical
sequence based on that or any other field. The field need not have unique values.

® An index can be built on a single field but it can also be built on a combination of
fields. For example, an index could be built on the combination of City and State
in the Salesperson file.

= In addition to its direct access capability, an index can be used to retrieve the
records of a file in logical sequence based on the indexed field. For example, the
index in Figure 8.10 could be used to retrieve the records of the Salesperson file
in sequence by salesperson name. Since the index is in sequence by salesperson
name, a simple scan of the index from beginning to end lists the relative record
numbers of the salesperson records in order by salesperson name.

m Many separate indexes into a file can exist simultaneously, each based on
a different field or combination of fields of the file. The indexes are quite
independent of each other.

m When a new record is inserted into a file, an existing record is deleted. or an
indexed field is updated, all of the affected indexes must be updated.

Creating an Index with SOL  Creating an index with SQL entails naming the index,
specifying the table being indexed, and specifying the column on which the index
is being created. So, for example, to create index A in Figure 8.21, which is an

" index built on the Salesperson Number attribute of the SALESPERSON table, you

would write:

CREATE INDEX A ON SALESPERSON (SPNUM) ;

Hashed Files

There are many applications in which all file accesses must be done ona direct basis,
speed is of the essence, and there is no particular need for the file to be organized
in sequence by the values of any of its fields. An approach to file organization and
access that fills this bill is the hashed file. The basic ideas include:

& The number of records in a file is estimated and enough space is reserved on a
disk to hold them.
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FIGURE 8.18
The Salesperson file stored
0s 0 hashed file

B Additional space is reserved for additional “‘overflow’” records.

m To determine where fo insert a particular record of the file, the record’s key value
is converted by a ““hashing routine™ into one of the reserved record locations on
the disk.

m To subsequently find and retrieve the record, the same hashing routine is applied
to the key value during the search.

Say, for example, that our company has 50 salespersons and that we have
reserved enough space on the disk for their 50 records. There are many hashing
routines but the most common is the *‘division-remainder method.”” In the division-
remainder method, we divide the key value of the record that we want to insert or
retrieve by the number of record locations that we have reserved. Remember long
division, with its “‘quotient’ and “‘remainder?”” We perform the division, discard
the quotient, and use the remainder to tell us where to locate the record. Why the
remainder? Because the remainder is tailor-made for pointing to one of the storage
locations. If, as in this example, we have 50 storage locations and divide a key value
by that number, 50, we will geta remainder that is a whole number between 0 and
49. The value of the quotient doesn’t matter. If we number the 50 storage locations
049 and store a record at the location dictated by its “‘hashed” key value, we have
clearly developed a way to store and then locate the records, and a very fast way,
at that! There’s only one problem. More than one key value can hash to the same
location. When this happens, we say that a ““collision’ has occurred, and the two
key values involved are known as “‘synonyms.”’

Figure 8.18 shows a storage area that can hold 50 salesperson records plus
space for overflow records. (We will not go into how to map this space onto the
cylinders and tracks of a disk, but it can be done easily.) The main record storage
locations are numbered 0—49; the overflow locations begin at position 50. An

Record  Salesperson Salesperson Synonym
Location  Number Name R Pointer
1]

11 361 Carlyle =

36 186 Adams e 50
49

50 436 James v e . 5 51
51 236 Stein s = o
52

53

54
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additional field for a “‘synonym pointer’” has been added to every record location.
Let’s start by storing the record for salesperson 186. Dividing 186 by the number
of record locations (50) yields a quotient of 3 (which we don’t care about) and a
remainder of 36. So, as shown in the figure. we store the record for salesperson 186
at record location 36. Next, we want to store the record for salesperson 361. This
time, the hashing routine gives a remainder of 11 and, as shown in the figure, that’s
where the record goes. The next record to be stored is the record for salesperson
436. The hashing routine produces a remainder of 36. The procedure tries to store
the record at location 36, but finds that another record is already stored there.

To solve this problem, the procedure stores the new record at one of the
overflow record locations, say number 50. It then indicates this by storing that
location number in the synonym pointer field of record 36. When another collision
oceurs with the insertion of salesperson 236, this record is stored at the next overflow
location and its location is stored at location 50, the location of the last record that
““hashed’” to 36.

Subsequently, if an attempt is made to retrieve the record for salesperson 186,
the key value hashes to 36 and, indeed, the record for salesperson 186 is found at
location 36. If an attempt is made to retrieve the record for salesperson 436, the key
hashes to 36 but another record (the one for salesperson 186) is found at location
36. The procedure then follows the synonym pointer at the end of location 36 to
location 50. where it finds the record for salesperson 436. A search for salesperson
236’s record would follow the same sequence. Key value 236 would hash to location
36 but another record would be found there. The synonym pointer in the record at
location 36 points to location 50, but another record, 436, is found there, too. The
synonym pointer in the record at location 50 points to location 51, where the desired
record is found.

There are a few other points to make about hashed files:

a It should be clear that the way that the hashing algorithm scatters records within
the storage space disallows any sequential storage based on a set of field values.

m A file can only be hashed once, based on the values of a single field or a single
combination of fields. This is because the essence of the hashing concept includes
the physical placement of the records based on the result of the hashing routine.
A record can't be located in one place based on the hash of one field and at the
same time be placed somewhere else based on the hash of another field. It can’t
be in two places at once!

@ Ifafile is hashed on one field, direct access based on another field can be achieved
by building an index on the other field.

m Many hashing routines have been developed. The goal is to minimize the number
of collisions and synonyms, since these can obviously slow down retrieval
performance. In practice, several hashing routines are tested on a file to determine
the best ““fit.”" Even a relatively simple procedure like the division-remainder
method can be fine-tuned. In this method, experience has shown that once the
number of storage locations has been determined, it is better to choose a slightly
higher number, specifically the next prime number or the next number not evenly
divisible by any number less than 20.

® A hashed file must occasionally be reorganized after so many collisions have
occurred that performance is degraded to an unacceptable level. A new storage
area with a new number of storage locations is chosen and the process starts all
over again.
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FIGURE 8.19
Inputs info the physicol
dotabose design process

m Figure 8.18 shows a value of —1 in the synonym pointer field of the record
for salesperson 236 at storage location 51. This is an end-of-chain marker. It is
certainly possible that a search could be conducted for a record, say with key
value 386, that does not exist in the file. 386 would hash to 36 and the chain
would be followed to location 50 and then to location 51. Some signal has to then
be set up at the end of the chain to indicate that there are no more records stored
in the file that hash to 36, so that the search can be declared over and a “‘not
found™* condition indicated. (A negative number is a viable signal because there
can’t be a negative record location!)

INPUTS TO PHYSICAL DATABASE DESIGN

Physical database design starts where logical database design ends. That is, the
well structured relational tables produced by the conversion from entity-relationship
diagrams or by the data normalization process form the starting point for physical
database design. But these tables are only part of the story. In order to determine how
best to modify the tables to improve application performance, a wide range of factors
must be considered. The factors will help determine which modification techniques
to apply and how to apply them. And, at that, the process is as much art as science.
The choices are so numerous and the possible combinations of modifications are
so complex that even the experienced designer hopes for a satisfactory but not a
perfect solution.

Figure 8.19 lists the inputs to physical database design and thus the factors
that are important to it. These naturally fall into several subgroups. First, we will
take a look at each of these physical design inputs and factors, one by one. Then we

Inputs Into the Physical Database Design Process
¢ The Tables Produced by the Logical Database Design
Process

s Business Environment Requirements
s Response Time Requirements

= Throughput Requirements

Data Characteristics

= Data Volume Assessment

= Data Volatility

Application Characteristics

L ]

= Application Data Requirements

= Application Priorities
e Qperational Requirements
= Data Security Concerns
= Backup and Recovery Concerns
Hardware and Software Characteristics
= DBMS Characteristics
= Hardware Characteristics
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will describe a variety of physical database design techniques, explaining how the
various inputs and factors influence each of these techniques.

The Tables Produced by the Logical Database Design Process

The tables produced by the logical database design process (which for simplicity
we will refer to as the ““logical design’") form the starting point of the physical
database design process. These tables are “‘pure’” in that they reflect all of the
data in the business environment, they have no data redundancy, and they have in
place all the foreign keys that are needed to establish all the relationships in the
business environment. Unfortunately, they may present a variety of problems when
it comes to performance, as we previously described. Again, for example, without
indexes or hashing, there is no support for direct access. Or it is entirely possible
that a particular query may require the join of several tables, which may cause an
unacceptably slow response from the database. So, it is clear that these tables, in
their current form, are very likely to produce unacceptable performance and that is
why we must go on modifying them in physical database design.

Business Environment Requirements

Beyond the logical design, the requirements of the business environment lead the
list of inputs and factors in physical database design. These include response time
requirements and throughput requirements.

Response Time Requirements Response time is the delay from the time that the
Enter Key is pressed to execute a query until the result appears on the screen.
One of the main factors in deciding how extensively to modify the logical design
is the establishment of the response time requirements. Do the major applications
that will use the database require two-second response. five-second response, ten-
second response, etc.? That is, how long a delay will a customer telephoning your
customer service representatives tolerate when asking a question about her account?
How fast a response do the managers in your company expect when looking for
information about a customer or the sales results for a particular store or the
progress of goods on an assembly line? Also, different types of applications differ
dramatically in response time requirements. Operational environments, including the
customer service example, tend to require very fast response. “‘Decision support”’
environments, such as the data warehouse environment discussed in Chapter [3tend
to have relaxed response time requirements.

Throughput Requirements Throughput is the measure of how many queries from
simultaneous users must be satisfied in a given period of time by the application set
and the database that supports it. Clearly, throughput and response time are linked.
The more people who want access to the same data at the same time, the more
pressure on the system to keep the response time from dropping to an unacceptable
level. And the more potential pressure there is on response time, the more important
the physical design task becomes. '

Data Characteristics

How much data will be stored in the database and how frequently different parts of
it will be updated are important in physical design as well.
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Dauta Volume Assessment How much data will be in the database? Roughly, how
many records is each table expected to have? Some physical design decisions will
hinge on whether a table is expected to have 300, 30.000, or 3,000,000 records.

Data Volafility Data volatility describes how often stored data is updated. Some
data, such as active inventory records that reflect the changes in goods constantly
being put into and taken out of inventory, is updated frequently. Some data, such
as historic sales records, is never updated (except for the addition of data from
the latest time period to the end of the table). How frequently data is updated, the
volatility of the data, is an important factor in certain physical design decisions.

Application Characteristics

The nature of the applications that will use the data, which applications are the most
important to the company, and which data will be accessed by each application form
yet another set of inputs and factors in physical design.

Application Data Requiremenfs  Exactly which database tables does each application
require for its processing? Do the applications require that tables be joined? How
many applications and which specific applications will share particular database
tables? Are the applications that use a particular table run frequenty or infrequently?
Questions like these yield one indication of how much demand there will be for
access to each table and its data. More heavily used tables and tables frequently
involved in joins require particular attention in the physical design process.

Application Priorities Typically, tables in a database will be shared by different
applications. Sometimes, a modification to a table during physical design that’s
proposed to help the performance of one application hinders the performance of
another application. When a conflict like that arises, it’s important to know which
of the two applications is the more critical to the company. Sometimes this can be
determined on an increased profit or cost-saving basis. Sometimes it can be based
on which application’s sponsor has greater political power in the company. But,
whatever the basis, it is important to note the relative priority of the company’s
applications for physical design choice considerations. )

Operational Requirements: Data Security, Backup, and Recovery

Certain physical design decisions can depend on such data management issues as
data security and backup and recovery. Data security, which will be discussed in
Chapter 11, can include such concerns as protecting data from theft or malicious
destruction and making sure that sensitive data is accessible only to those employees
of the company who have a *‘need to know.”” Backup and recovery, which will also
be discussed in Chapter 11, ranges from recovering a table or a database that has
been corrupted or lost due to hardware or software failure to recovering an entire
information system after a natural disaster. Sometimes, data security and backup
and recovery concerns can affect physical design decisions. )

Hardware and Software Characteristics Finally, the hardware and software
environments in which the databases will reside have an important bearing on
physical design.



Physical Dafchase Design Techniges. 221

0 UR 8.2 PuysicaL DATABASE DESIGN INPUTS
TURN

Consider a university information sys- What would the volumes be of the database fables
tems environment or another information systems envi- needed io support these applications How volatile
ronmeni of your choice. Think about a sef of 5-10 would you expect the dafa fo be? What concerns
applications that constitute the main applications in this would you have about the security and privacy of the
environment. dafa?
QuesTion:

For each of these 510 applications, specify the response
time requirements and the throughput requirements.

DBMS Characteristics All relational database management systems are certainly
similar in that they support the basic, even classic at this point, relational model.
However, relational DBMSs may differ in certain detatls, such as the exact nature
of their indexes. attribute data type options, SQL query features. etc., that must be
known and taken into account during physical database design.

Hardware Characteristics Certain hardware characteristics, such as processor speeds
and disk data transfer rates, while not directly parts of the physical database design
process, are associated with it. Simply put, the faster the hardware, the more tolerant
the system can be of a physical design that avoids relatively severe changes in the
logical design.

PHYSICAL DATABASE DESIGN TECHNIQUES

Fieure 8.20 lists several physical database design categories and techniques within
each. The order of the categories is significant. Depending on how we modify
the logical design to try to make performance improvements, we may wind up
introducing new complications or even reintroducing data redundancy. Also, as
noted in Figure 8.20, the first three categories do not change the logical design
while the last four categories do. So, the order of the categories is roughly from
least to most disruptive of the original logical design. And, in this spirit, the only
techniques that introduce data redundancy (storing derived data, denormalization,
duplicating tables, and adding subset tables) appear at the fatter part of the list.

Adding External Features

This first category of physical design changes, adding external features, doesn’t
change the logical design at all! Instead, it involves adding features to the logical
design, specifically indexes and views. While certain tradeoffs have to be kept
in mind when adding these external features, there is no introduction of data
redundancy.
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FIGURE 8.20
Physical doobase design categories and
techniques

Physical design categories and techniques that DO NOT change
the logical design

e Adding External Features
= Adding Indexes
= Adding Views
e Reorganizing Stored Data
= Clustering Files
e Splitting a Table into Multiple Tables
= Horizontal Partitioning
= Vertical Partitioning
= Splitting-Off Large Text Attributes

Physical design categories and technigues that DO change
the logical design

e Changing Attributes in a Table
= Substituting Foreign Keys
e Adding Attributes to a Table
= Creating New Primary Keys
= Storing Derived Data
e Combining Tables
= Combine Tables in One-to-One Relationships
= Alternatives for Repeating Groups
= Denormalization
e Adding New Tables
= Duplicating Tables
= Adding Subset Tables

Adding Indexes Since the name of the game is performance and since today’s
business environment is addicted to finding data on a direct-access basis, the use of
indexes in relational databases is a natural. There are two questions to consider.

The first question is: which attributes or combinations of attributes should you
consider indexing in order to have the greatest positive impact on the application
environment? Actually, there are two sorts of possibilities. One category is attributes
that are likely to be prominent in direct searches. These include:

m Primary keys.

a Search attributes, i.e. attributes whose values you will use to retrieve particular
records. This is true especially when the attribute can take on many different
values. (In fact. there is an argument that says that it is not beneficial to build an
index on an attribute that has only a small number of possible values.)

The other category is attributes that are likely to be major players in operations
such as joins that will require direct searches internally. Such operations also include
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the SQL ORDER BY and GROUP BY commands described in Chapter 4. It should
be clear that a particular attribute might fall into both of these categories!

The second question is: what potential problems can be caused by building
too many indexes? If it were not for the fact that building too many indexes can
cause problems in certain kinds of databases, the temptation would be to build a
large number of indexes for maximum direct-access benefit. The issue here is the
volatility of the data. Indexes are wonderful for direct searches. But when the data in
a table is updated, the system must take the time to update the table’s indexes, too.
It will do this automatically, but it takes time. If several indexes must be updated,
this multiplies the time to update the table several times over. What's wrong with
that? If there is a lot of update activity, the time that it takes to make the updates
and update all the indexes could slow down the operations that are just trying to
read the data for query applications, degrading query response time down to an
unacceptable level!

One final point about building indexes: if the data volume, the number of
records in a table, is very small, then there is no point in building any indexes on it
at all (although some DBMSs will always require an index on the primary key}). The
point is that if the table is small enough, it is more efficient to just read the whole
table into main memory and search by scanning it!

Figure 8.21 repeats the General Hardware Co. relational database, to which
we will add some indexes. We start by building indexes, marked indexes A-F,
on the primary key attribute(s) of each table. Consider the SALESPERSON and
CUSTOMER tables. If the application set requires joins of the SALESPERSON
and CUSTOMER tables, the Salesperson Number attribute of the CUSTOMER
table would be a good choice for an index, index G, because it is the foreign key
that connects those two tables in the join. If we frequently need to find salesperson
records on a direct basis by Salesperson Name, then that attribute should have an
index. index H. built on it. Consider the SALES table. If we have an important,
frequently run application that has to find the total sales for all or a range of the
products, then the needed GROUP BY command would run more efficiently if the
Product Number attribute was indexed, index L.

Adding Views  Another external feature that doesn’t change the logical design is the
view. In relational database terminology, a view is what is more generally known in
database management as a *‘logical view.”” It is a mapping onto a physical table that
allows an end user to access only part of the table. The view can include a subset of
_ the table’s columns, a subset of the table’s rows, or a combination of the two. It can
even be based on the join of two tables No data is physically duplicated when a view
is created. It is literally a way of viewing just part of a table. For example, in the
General Hardware Co. SALESPERSON table, a view can be created that includes
only the Salesperson Number, Salesperson Name, and Office Number attributes. A
particular person can be given access to the view and then sees only these three
columns. He is not even aware of the existence of the other two attributes of the
physical table.

A view is an important device in protecting the security and privacy of data,
an issue that we listed among the factors in physical database design. Using views
to limit the access of individuals to only the parts of a table that they really need
to do their work is clearly an important means of protecting a company’s data. As
we will see later, the combination of the view capability and the SQL GRANT
command forms a powerful data protection tool.
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Reorganizing Stored Data

The next level of change in physical design involves reorganizing the way data
is stored on the disk without changing the logical design at all and thus without
introducing data redundancy. We present an example of this type of modification.
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Clustering Files Suppose that in the General Hardware Co. business environment,
it is important to be able to frequently and quickly retrieve all of the data in a
salesperson record together with all of the records of the customers for which that
salesperson is responsible. Clearly, this requires a join of the SALESPERSON
and CUSTOMER tables. Just for the sake of areument, assume that this retrieval,
including the join, does not work quickly enough to satisfy the response time or
throughput requirements. One solution, assuming that the DBMS in use supports it,
might be the use of “‘clustered files.”

Figure 8.22 shows the General Hardware salesperson and customer data
from Figure 5.14 arranged as clustered files. The logical design has not changed.
Logically, the DBMS considers the SALESPERSON and CUSTOMER tables just
as they appear in Figure 5.14. But physically, they have been arranged on the
disk in the interleaved fashion shown in Figure 8.22. Each salesperson record is
followed physically on the disk by the customer records with which it is associated.
That is, each salesperson record is followed on the disk by the records of the
customers for whom that salesperson is responsible. For example. the salesperson
record for salesperson 137, Baker, is followed on the disk by the customer records
for customers 0121, 0933, 1047, and 1826. Note that the salesperson number 137
appears as a foreign key in each of those four customer records. So, if a query
is posed to find a salesperson record, say Baker’s record, and all his associated
customer records, performance will be improved because all five records are right
near each other on the disk, even though logically they come from two separate
tables. Without the clustered files, Baker’s record would be on one part of the disk
with all of the other salesperson records and the four customer records would be on
another part of the disk with the other customer records, resulting in slower retrieval
for this kind of two-table, integrated query.

The downside of this clustering arrangement is that retrieving subsets of
only salesperson records or only customer records is slower than without clustering.
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FIGURE 8.23
Horizontol parfifioning of the CUSTOMER
EMPLOYEE toble

Without clustering, all the salesperson records are near each other on the disk, which
helps when retrieving subsets of them. With clustering, the salesperson records are
scattered over a much larger area on the disk because they’re interspersed with all
of those customer records, slowing down the retrieval of subsets of just salesperson
records.

Splitting a Table into Multiple Tables

The three physical design techniques in this category arrange for particular parts of
a table, either groups of particular rows or groups of particular columns, to be stored
separately, on different areas of a disk or on different disks. In Chapter 12, when
we discuss distributed database, we will see that this concept can even be extended
to storing particular parts of a table in different cities.

Horizontal Partitioning In horizontal partitioning, the rows of a table are divided
into groups and the groups are stored separately, on different areas of a disk or on
different disks. This may be done for several reasons. One is to manage the different
groups of records separately for security or backup and recovery purposes. Another
is to improve data retrieval performance when, for example, one group of records
is accessed much more frequently than other records in the table. For example,
suppose that the records for sales managers in the CUSTOMER EMPLOYEE table
of Figure 5.14c must be accessed more frequently than the records of other customer
employees. Separating out the frequently accessed group of records, as shown in
Figure 8.23, means that they can be stored near each other in a concentrated space
on the disk, which will speed up their retrieval. The records can also be stored on an
otherwise infrequently used disk, so that the applications that use them don’t have
to compete excessively with other applications that need data on the same disk. The
downside of this horizontal partitioning is that it can make a search of the entire
table or the retrieval of records from more than one partition more complex and
slower.

Customer Employee Employes

Number Number Nome Title

(0933 30441 Levy Sales Manager
1525 33779 Baker Sales Manager
Customer Employee Employee

Number Number Home Title

0121 27498 Smith Co-Owner

0121 30441 Garcia Co-Owner

0933 25270 Chen VP Sales

0933 48285 Morton President

2198 27470 Smith President

2198 30441 Jones VP Sales

2198 33779 Garcia VP Personnel
2198 35268 Kaplan Senior Accountant




FIGURE 8.24
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Salesperson Salesperson Year
Number Nome of Hire
137 Baker 1995
186 Adams 2001
204 Dickens 1998
36l Carlyle 2001
Salesperson Commission

Number Percentage

137 10

186 15

204 10

361 20

Vertical Parfitioning A table can also be subdivided by columns, producing the
same advantages as horizontal partitioning. In this case, the separate groups. each
made up of different columns of a table, are created because different users or
applications require different columns. For example, as shown in Figure 8.24,
it might be beneficial to split up the columns of the SALESPERSON table of
Figure 5.14a so that the Salesperson Name and Year of Hire columns are stored
separately from the others. But note that in creating these vertical partitions, each
partition must have a copy of the primary key, Salesperson Number in this example.
Otherwise, in vertical partitioning, how would you track which rows in each
partition go together to logically form the rows of the original table? In fact, this
point leads to an understanding of the downside of vertical partitioning. A query
that involves the retrieval of complete records—i.e., data that is in more than one
vertical partition—actually requires that the vertical partitions be joined to reunite
the different parts of the original records.

Splitting Off Large Text Atfributes A variation on vertical pariitioning involves
splitting off large text attributes info separate partitions. Sometimes the records
of a table have several numeric attributes and a long text attribute that provides

“a description of the data in each record. It might well be that frequent access

of the numeric data is necessary and that the Jong text attribute is accessed only
occasionally. The problem is that the presence of the long text attribute tends to
spread the numeric data over a larger disk area and thus slows down retrieval of the
numeric data. The solution is to split off the text attribute, together with a copy of
the primary key, into a separate vertical partition and store it elsewhere on the disk.

Changing Attributes in a Table

Up to this point, none of the physical design techniques discussed have changed the
logical design. They have all involved adding external features such as indexes and
views, or physically moving records or columns on the disk as with clustering and
partitioning. The first physical design technique category that changes the logical
design involves substituting a different attribute for a foreign key.
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FIGURE 8.25
Substituting onother candidate key for o
foreign key

Substitufing Foreign Keys Consider the SALESPERSON and CUSTOMER tables
of Figure 8.21. We know that Salesperson Number is a unique attribute and serves
as the primary key of the SALESPERSON table. Say. for the sake of argument,
that the Salesperson Name attribute is also unique, meaning that both Salesperson
Number and Salesperson Name are candidate keys of the SALESPERSON table.
Salesperson Number has been chosen to be the primary key and Salesperson Name
is an alternate key.

Now, assume that there is a frequent need to retrieve data about customers,
including the name of the salesperson responsible for that customer. The
CUSTOMER table contains the number of the Salesperson who is responsible
for a customer but not the name. By now, we know that solving this problem
requires a join of the two tables, based on the common Salesperson Number
attribute. But, if this is a frequent or critical query that requires high speed, we
can improve the performance by substituting Salesperson Name for Salesperson
Number as the foreign key in the CUSTOMER table. as shown in Figure 8.25.
With Salesperson Name now contained in the CUSTOMER table, we can retrieve
customer data, including the name of the responsible salesperson, without having to
do a performance-slowing join. Finally, since Salesperson Name is a candidate key
of the SALESPERSON table, using it as a foreign key in the CUSTOMER table
still retains the ability to join the two tables when this is required for other queries.

Adding Attributes to a Table

Another means of improving database performance entails modifying the logical

design by adding attributes to tables. Here are two ways to do this.

Creating New Primary Keys Sometimes a table simply does not have a single unique
attribute that can serve as its primary key. A two-attribute primary key, such as
the combination of state and city names, might be OK. But in some circumstances
the primary key of a table might consist of two, three, or more attributes and the
performance implications of this may well be unacceptable. For one thing, indexing
a multi-attribute key would likely be clumsy and slow. For another, having to use
the multi-attribute key as a foreign key in the other tables in which such a foreign
key would be necessary would probably also be unacceptably complex.

The solution is to invent a new primary key for the table that consists of a
single new attribute. The new attribute will be a unique serial number attribute, with
an arbitrary unique value assigned to each record of the table. This new attribute will
then also be used as the foreign key in the other tables in which such a foreign key
is required. In the General Hardware database of Figure 8.21, recall that the two-
attribute primary key of the CUSTOMER EMPLOYEE table, Customer Number
and Employee Number, is necessary because customer numbers are unigue only
within each customer company. Suppose that General Hardware decides to inventa
new attribute, Customer Employee Number, which will be its own set of employee

CUSTOMER

Customer Customer Salesperson

Humber Name Name HQ City




FIGURE 8.26
(reating a new primary key a'tribute to
replace o multiatirbute primory key

FIGURE 8.27
Adding derived dato
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CUSTOMER EMPLOYEE
Customer
Employee Customer Employee Employse
Number HNumber Number Nome Title

numbers for these people that will be unigue across all of the custonter companies.
Then, the current two-attribute primary key of the CUSTOMER EMPLOYEE table
can be replaced by this one new attribute, as shown in Figure 8.26. If the Customer
Number, Employee Number combination had been placed in other tables in the
database as a foreign key (it wasn’t), then the two-attribute combination would be
replaced by this new single attribute, too. Notice that Customer Number is still
necessary as a foreign key because that’s how we know which customer company
a person works for. Arguably, the old Employee Number attribute may still be
required because that is still their employer’s internal identifier for them.

Storing Derived Data  Some queries require performing calculations on the data in
the database and returning the calculated values as the answers. If these same values
have to be calculated over and over again, perhaps by one person or perhaps by
many people, then it might make sense to calculate them once and store them in the
database. Technically, this is a form of data redundancy. although a rather subtle
form. If the “‘raw’" data is ever updated without the stored, calculated values being
updated as well, the accuracy or integrity of the database will be compromised.

To illustrate this point, let's add another attribute to General Hardware’s
CUSTOMER table. This attribute, called Annual Purchases in Figure 8.27a, is the
expected amount of merchandise, in dollars, that a customer will purchase from
General Hardware in a year. Remember that there is a one-to-many relationship
from salespersons to customers, with each salesperson being responsible for several

(USTOMER
Customer (ustomer Salesperson Annuol
Number Nome Number HQ Gy Purchases

a. Annual Purchases attribute added to the CUSTOMER table.

SALESPERSON
Salesperson Salesperson Commission Yeor Office. Total Annwal
Number Nome Percentoge of Hire Number  Customer Purchoses
CUSTOMER
Customer  Customer Solesperson. Annual
Number Name Number HQ City Purchases

b. Total Annual Customer Purchases attribute added to the SALESPERSON table as
derived data.
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FIGURE 8.28

Combined SALESPERSON /OFFICE toble
showing the merger of two fobles in o
oneo-one relationship

(or many) customers. Suppose that there is a frequent need to quickly find the total
amount of merchandise each salesperson is expected to account for in a year, i.e.
the sum of the Annual Purchases atiribute for all of the particular salesperson’s
customers. This sum could be recalculated each time it is requested for any particular
salesperson, but that might take too long. The other choice is to calculate the sum for
each salesperson and store it in the database, recognizing that whenever acustomer’s
Annual Purchases value changes, the sum for the customer’s salesperson has to be
updated, too.

The question then becomes, where do we store the summed annual purchases
amount for each salesperson? Since the annual purchases figures are in the
CUSTOMER table, your instinct might be to store the sums there. But where
in the CUSTOMER table? You can’t store them in individual customer records,
because each sum involves several customers. You could insert special “‘sum
records’” in the CUSTOMER table but they wouldn’t have the same attributes as
the customer records themselves and that would be very roublesome. Actually, the
answer is to store them in the SALESPERSON table. Why? Because there is one
sum for each salesperson—again, it’s the sum of the annual purchases of all of that
salesperson’s customers. So, the way to do it is to add an additional attribute, the
Total Annual Customer Purchases attribute, to the SALESPERSON table, as shown
in Figure 8.27b.

Combining Tables

Three techniques are described below, all of which involve combining two tables
into one. Each technique is used in a different set of circumstances. It should be
clear that all three share the same advantage: if two tables are combined into one,
then there must surely be situations in which the presence of the new single table
lets us avoid joins that would have been necessary when there were two tables.
Avoiding joins is generally a plus for performance. But at what price? Let’s see.

Combine Tahles in One-to-One Relafionships Remember the one-to-one relationship
between salespersons and offices in the General Hardware environment? Figure 8.28
shows the two tables combined into one. After all, if a salesperson can have only
one office and an office can have only one salesperson assigned to it, there can be
nothing wrong with combining the two tables. Since a salesperson can have only
one office, a salesperson can be associated with only one office number, one (office)
telephone, and one (office) size. A like argument can be made from the perspective
of an office. Office data can still be accessed on a direct basis by simply creating an
index on the Office Number attribute in the combined table.

Again, the advantage is that if we ever have to retrieve detailed data about
a salesperson and his office in one query, it can now be done without a join.
There are two negatives. One is that the tables are no longer logically, as well as
physically, independent. If we want information just about offices, there is no longer

SALESPERSON/OFFICE
Solesperson  Salesperson Commission Year Office
Number Name Percentage of Hire  Number  Telephone  Size
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an OFFICE table to go to. The data is still there, but we have to be aware that it is
buried in the SALESPERSON/OFFICE table. The other negative is that retrievals
of salesperson data alone or of office data alone could be slower than before because
the longer combined SALESPERSON/OFFICE records spread the combined data
over a larger area of the disk.

Alternatives for Repeafing Groups  Suppose that we change the business environment
so that every salesperson has exactly two customers, identified respectively as their
““large”” customer and their “‘small’’ customer, based on annual purchases. The
structure of Figure 8.21 would still work just fine. But, because these ‘‘repeating
groups’’ of customer attributes, one ™ group’” of attributes (Customer Number,
Customer Name, etc.) for each customer are so well controlled they can be folded
into the SALESPERSON table. What makes them so well controlled is that there
are exactly two for each salesperson and they can even be distinguished from each
other as ““large”* and “*small.” This arrangement is shown in Figure 8.29. Note that
the foreign key attribute of Salesperson Number from the CUSTOMER table is no
longer needed.

Once again, this arrangement avoids joins when salesperson and customer
data must be retrieved together. But, as with the one-to-one relationship case above,
retrievals of salesperson data alone or of customer data alone could be slower than
before because the longer combined SALESPERSON/CUSTOMER records spread
the combined data over a larger area of the disk. And retrieving customer data alone
is now more difficult. In the one-to-one relationship case, we could simply create
an index on the Office Number attribute of the combined table. But in the combined
table of Figure 8.29, there are rwo customer number attributes in each salesperson
record. Retrieving records about customers alone would clearly take greater skill
than before.

Denormalizafion In the most serious database performance dilemmas, when
everything else that can be done in terms of physical design has been done, it
may be necessary to take pairs of related third normal form tables, and combine
them, introducing possibly massive data redundancy. Why would anyone in their
right mind want to do this? Because if after everything else has been done to
improve performance, response times and throughput are still unsatisfactory for the
business environment, eliminating run-time joins by recombining tables may mean
the difference between a usable system and a lot of wasted money on a database

" (and application) development project that will never see the light of day. Clearly,
if the physical designers decide to go this route, they must put procedures in place
to manage the redundant data as they updated over time.

SALESPERSON /CUSTOMERS

: large Lorge Lorge Small Small Small
Solesperson ~ Salesperson  Commission Year Office Customer Customer  Customer  Customer  Customer  Customer
Number Name Percentage of Hire  Number Number Hame HQ Gty  Humber Home HQ City

FIGURES.29
Merging of repeating groups info another fable
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CUSTOMER
Customer Customer Salesperson Salesperson Solesperson Commission Yeor of
Number Name Number HQ City Number Name Percantoge Hire
FIGURE 8.30

The denormalized SALESPERSON and CUSTOMER tables as the new CUSTOMER fable

Figure 8.30 shows the denormalized SALESPERSON and CUSTOMER tables
combined into one. The surviving table of the two in the one-to-many relationship
will always be the table on the “‘many side’ of the relationship. You can attach
one set of salesperson data to a customer record; you cannot attach many sets of
customer data to a single salesperson record without creating an even worse mess.
The sample salesperson and customer data from Figure 5.14 is denormalized in
Figure 8.31. (Figure 8.31 is identical to Figure 3.8. We used it in Chapter 3 to
make a point about data redundancy when we were exploring that subject.) Since
a salesperson can have several customers, a particular salesperson’s data will be
repeated for each customer he has. Thus, the table shows that salesperson number
137's name is Baker four times, his commission percentage is 10 four times. and
his year of hire was 1995 four times. The performance improvement had better be
worth it, because the integrity exposure is definitely there.

Adding New Tables

Finally, there is the concept of simply duplicating data. Sometimes the final
performance issue is that trying to maintain response time and throughput with
the number of applications and users trying to share the same data is beyond
the capabilities of the hardware, the software, and all the other physical design
techniques. At the risk of overt data redundancy (which hopefully you will attempt
to managed), the only recourse is to duplicate the data.

CUSTOMER

Customer (ustomer Salesperson Salesperson Salesperson Commission Year of
Number Nome Number HQ City Number Name Percentage Hire

0121 Main St. Hardware 137 New York 137 Baker 10 1995
0839 Jane’s Stores 186 Chicago 186 Adams 15 2001
0933 ABC Home Stores 137 Los Angeles 137 Baker 10 1995
047 Acme Hardware Store 137 Los Angeles 137 Baker 10 1995
1525 Fred’s Tool Stores 361 Atlanta 361 Carlyle 20 2001
1700 XYZ Stores 361 Washington 361 Carlyle 20 2001
1826, City Hardware 137 New York 137 Baker .10 1995
2198 Western Hardware 204 New York 204 Dickens 10 1998
2267 Central Stores 186 New York 186 Adams 15 2001

FIGURE 8.31

The denormalized solesperson and customer data from Figure 5.12
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Duplicating Tables Clearly. the direct approach is to duplicate tables and have
different applications access the duplicates. This is exactly the opposite of the
central database management concept of sharing data.

Adding Subset Tables A somewhat less severe technique is to duplicate only those
portions of a table that are most heavily accessed. These * ‘subset’” tables can then be
assigned to different applications to ease the performance crunch. Data redundancy
is still the major drawback, although obviously there is not as much of it as when
the entire table is duplicated.

EXAMPLE: GOOD READING BOOK STORES

Consider the Good Reading Book Stores database of Figure 5.16. Recall that there
is a one-to-many relationship between the PUBLISHER and BOOK tables. A
book is published by exactly one publisher but a publisher publishes many books.
That's why the Publisher Name attribute is in the BOOK table as a foreign key.
A reasonable assumption is that there are several hundred publishers and many
thousands of different books. If the various stores in the Good Reading chain carry
different books to satisfy their individual clienteles, then there could be thousands
of publishers and hundreds of thousands of different books.

Assume that at Good Reading’s headquarters, there is a frequent need to find
very quickly the details of a book, based on either its book number or its title,
together with details about its publisher. As stated, this would clearly require a
join of the PUBLISHER and BOOK tables. If the join takes too long, resulting in
unacceptable response times, throughput, or both, what are the possibilities in terms
of physical design to improve the situation? Here are several suggestions, although
each has its potential drawbacks, as previously discussed.

& The Book Number attribute and the Book Title attributes in the PUBLISHER
table can each have an index built on them to provide direct access, since the
problem says that books are going to be searched for based on one of these two
attributes.

m The two join attributes, the Publisher Name attribute of the PUBLISHER table
and the Publisher Name attribute of the BOOK table, can each have an index
built on them to help speed up the joint operation.

@ If the DBMS permits it, the two tables can be clustered, with the book records
associated with a particular publisher stored near that publisher’s record on the
disk.

@ The two tables can be denormalized, with the appropriate publisher data being
appended to each book record (and the PUBLISHER table being eliminated), as:

Book Book  Publication Publisher Yer
Number  Tifle Yeor Pages Name Gty  Country  Telephone Founded

What if it’s important to be able to find quickly the number of different books that
Good Reading carries from a particular publisher? This information could be found
by using the SQL COUNT function to count up the number of that publisher’s
books when the query is asked. However, if this proves too slow, as it well might,
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then the number of books from each publisher can be calculated and stored as an
additional attribute of “‘derived data’ in the PUBLISHER table as:

Publisher Yew Number
Name ity Country Telephone Founded of Books

EXAMPLE: WORLD MUSIC ASSOCIATION

Consider the World Music Association (WMA) relational database of Figure 5.17.
WMA has a problem: there are many more retrieval requests for information about
recordings by Beethoven and Mozart than for recordings by other composers. Since
those records are scattered throughout the RECORDING table, performance tends to
be slower than desired. A solution is to partition the RECORDING table horizontally
into two partitions, one with the records for recordings by Beethoven and Mozart
and the other with all the other records of the table. These two partitions can be
stored on different parts of the same disk or on different disks. Performance will be
improved with the Beethoven and Mozart records separated out and concentrated
together on a restricted disk area.

There is also an application need to frequently and quickly retrieve salary data
for the musicians on an individual and group basis. In the MUSICIAN table, the
salary data is mixed in with other data (potentially much more data in each record
than is shown in this example), which tends to slow down retrieval speeds. A solution
is to create a vertical partition for the Annual Salary attribute, separating it from the
rest of the attributes of the table. Remember that a copy of the primary key, in this
case Musician Number, must accompany the non-key attribute(s) being split off into
a separate vertical partition. Thus, one vertical partition will consist of the Musician
Number and Annual Salary attributes while the other will consist of Musician
Number and all of the non-key attributes except for the Annual Salary attribute.
Storing these two vertical partitions on different parts of a disk or on different disks
will enhance performance under the application circumstances described.

Assume that the COMPOSITION table has an additional attribute called

““Description’:

Name Nome Year Descripfion

(omposifion Composer

Description is a long text attribute that allows written descriptions of
compositions to be stored in the database. While this is certainly useful, WMA has
several applications that require frequent fast access to the other attributes of the
table. The bulky description data tends to spread the records over a wider area of
the disk than would otherwise be the case. Again, this is really a special case of
the vertical partitioning scenario. The solution is to break out the description data,
together with a copy of the primary key. and store it elsewhere on the disk or on a
different disk.

The next example involves the MUSICIAN table, and for this example we
want to assume that the Musician Name attribute is unique. This means that now
both Musician Number and Musician Name are candidate keys of the table and
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Musician Number has been chosen to be the primary key. It seems that there is
an important application that requires the fast and frequent retrieval of musician
names together with their college-degree data. but without their musician nu mbers.
As currently structured, this would clearly require repeated joins of the MUSICIAN
and DEGREE tables, which might cause unacceptable performance problems. Since
the Musician Name atiribute is unique and is a candidate key of the MUSICIAN
table, a solution to this problem is to replace the Musician Number foreign-key
attribute in the DEGREE table with Musician Name:

Musidan
Name Degree University Yeor

With Musician Name already in the DEGREE table, the retrieval situation
described does not require a join. Plus, the DEGREE table can still tie degrees
uniquely to musicians, since Musican Name is unique.

Another possible solution to the more general problem of retrieving both
detailed data about musicians and their degrees at the same time involves the
concept of repeating groups. We know that there is a one-to-many relationship
between musicians and degrees since a musician can have several degrees but a
degree is associated with only one musician. Suppose we assume that a musician
can have at most three degrees. We can then eliminate the DEGREE table entirely
by merging its data into the MUSICIAN table:

Musicion - Musician fonvdl  Orchestio Degree  University Year Degree University Yeor Degree University  Year

Number

Instument Salory  Nome  #1 #1 # # #  # # # 0#

This is possible because of the small fixed maximum number of degrees and
because of the ability to distinguish among them, in this case in a time sequence
based on when they were awarded or by level, say bachelor’s degree first, master’s
degree second. Clearly, in this case, there will be null attribute values since not every
musician has three degrees. Further, there may be more programmer involvement
since inserting new degree data or even retrieving degree data may require more
informed and careful operations. But it certainly eliminates the join between the
MUSICIAN table and the now defunct DEGREE table, and may be the modification
necessary for acceptable performance.

EXAMPLE: LUCKY RENT-A-CAR

Consider the Lucky Rent-A-Car database of Figure 5.18. One issue with this
company is the privacy of their customers™ data. Some of their employees may
need to access the entire CUSTOMER table, while others may need, for example,
customer number and customer name data but not the more personal data, such as
customer address and customer telephone. A restriction can be set up to accomplish
this using views. One view can be created that includes the entire table; another
can be created that includes only the Customer Number and Customer Name
attributes. Using these two views in the SQL GRANT command (discussed in
Chapter 11), different employees or groups of employees can be given full access
to the CUSTOMER table or restricted access to only part of it.
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The RENTAL table represents the many-to-many relationship among cars and
customers, recording who rented which car on a particular date. The primary key
is thus Car Serial Number, Customer Number. and Rental Date. Recall that Rental
Date must be part of the primary key because a particular customer could have
rented a particular car on more than one occasion. This three-attribute primary key
is clumsy. An index built on it would be long and clumsy too, and if it had to be
used as a foreign key in another table, that would be clumsy, too. A solution is to
add a new Rental Number attribute that will serve as a unique key of the table:

Renfol Cor Serial Customer Rental Retum Total
Number Number Number Dote Date Cost

Next, assume that the following table, which has data about the president of
each manufacturer, has been added to the database:

Manufocturer President President President President
HNome Name Address Telephane email

Since each company has exactly one president, there is a one-to-one rela-
tionship between manufacturers, represented by the existing MANUFACTURER
table, and presidents, represented by the new PRESIDENT table. As is usually the
case in such situations, it makes sense to represent the two different entities in two
different tables. However, if we ever need to retrieve both detailed manufacturer
data and detailed president data, we will have to execute a join. If we have to do
this frequently and with significant speed, it may make sense to combine the two
tables together:

Monufoctwrer  Manufoctwer  SclesRep  SolesRep  President  President  President  President
HNome Country Nome  Telephone  Nome Address  Telephone  email

After all, since a company has only one president, it also has only one
president name, one president address, and so forth. This arrangement makes for a
bulkier table that will be spread out over a larger disk area than either table alone,
possibly slowing down certain retrievals. But it will avoid the join needed to retrieve
manufacturer and president detailed data together.

Finally, here are examples of the physical design technique of adding new
tables. Lucky Rent-A-Car’s CAR table is accessed very frequently—so frequently.
in fact, that it has become a performance bottleneck. The company has decided
to duplicate the table and put each of the two copies on different disk devices
so that some applications can access one disk and other applications the other
disk. This will improve throughput. However, these two duplicate tables must
be kept identical at all times and any changes made to them must be made to
both copies simultaneously. Notice that while the CAR table may have to be read
frequently for Lucky’s rental operations, it has to be updated only when new cars
are added to Lucky's inventory or existing cars are taken out of inventory. This
makes the duplicate-table technique practical, since frequent changes that require
the updating of both tables simultaneously would slow down the entire environment
significantly.
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In the CUSTOMER table, some large corporate customers records are
accessed much more frequently than the rest of the customer records. To help
ease this performance bottleneck and to gather these customer records together in
one disk area to further enhance performance, a subset table of copies of just these
records can be created and stored elsewhere on the disk or on a different disk. Again,
the issue of simultaneous updates of the duplicate data must be considered. Note
the difference between creating a subset table and creating a horizontal partition.
In the case of subset tables, a copy of the records is left behind in the original table:
in the case of horizontal partitioning, no copy is left behind.

SUMMARY

Data is all around us but we normally don’t think about it unless we have to use it to
keep track of objects that are important to us. The objects and events we come into
contact with and their attributes can be noted in structures as simple as lists, which,
by extension, we can think of as files and their records.

Moving on to storing data in computers, four basic operations have to be
performed: retrieving stored data, inserting new data, deleting stored data, and
updating stored data. Applications requiring these operations. in particular the
operation of retrieving stored data, may require data to be accessed sequentially
while other applications—most of the applications we deal with today—may require
data to be accessed on a direct basis.

Disk devices are the predominant secondary memory devices in use today.
They are capable of providing both sequential and direct access to data. Disk
devices consist of one or more platters on which data can be stored magnetically.
mounted on a central spindle. The data is stored on each platter surface in a pattern
of concentric circles called tracks. Tracks located one above another on successive
surfaces comprise a cylinder.

The arrangement of data on disks is based on a file organization that in turn
allows data to be retrieved using an access method. Two such methods for direct
access are indexes and hashing. A simple linear index consists of two columns: an
ordered list of the identifiers of the records being indexed, each of which is associated
in the second column with its physical location on the disk. A more practical arrange-
ment and the one in common use in today’s computers is the B-+tree, in which the
index is constructed in a hierarchical arrangement. Hashing is a way of arranging the
records on the disk based on a mathematical calculation on each record’s identifier:

" retrieval is accomplished using the same mathematical calculation.

Physical database design is the modification of the database structure (o
improve performance. A variety of factors involving the database structure or its
use can adversely affect system performance. In addition to the logical design
results, inputs to the physical design process include response time requirements,
throughput requirements, and a variety of other data and application characteristics
and operational requirements.

Physical database design techniques fall into two categories: techniques that
do not change the logical design and techniques that do change the logical design.
The former include adding external features such as indexes, reorganizing stored
data on the disk, and splitting a table into multiple tables. The latter include adding
attributes to a table or changing attributes in a table, combining tables, and adding
new tables.



