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1 Introduction

This compendium contains the following:

e An introduction to multimedia

e Anintroduction to DB2’s facilities for handling multimedia data
e Exercises on using DB2 for managing multimedia data

The environment in which you will perform this assignment is IBM DB2 Universal Database
version 7.2, with IAV (Image Audio Video) extender. The following facilities of DB2 will be used:

= DB2 Command Window
= DB2 Command Center
= DB2 Information Center

More information on DB2 and its facilities can be found in the “Introduction to DB2 v7.2”-
compendium. You are also expected to read that compendium before you start with this
assignment, since there it contains some necessary information about how to use the removable
disks and log into the DB-SRV-1 server.

2 Multimedia & DB2

In this chapter you can find a short introduction to multimedia and an introduction to DB2’s
facilities for managing multimedia data.

2.1 Multimedia

Image, audio and video data are sometimes referred to as multimedia data. This document
introduces some of the multimedia capabilities of DB2.
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Figure 1 Multimedia

2.2 Multimedia data and DB2

DB2 provides support for storing image, audio and video data (IAV data). The functionality for this
is provided in extenders that can be introduced in DB2. Each extender provides some new user
defined types (UDTs) and a number of user defined functions (UDFs) for operations on these
UDTs. Moreover, there is a special command line processor, the DB2EXT Command Line
Processor, where you can administer the 1AV extenders.

DB2 can store single data objects up to 2 gigabytes (Gb) in size inside the database. This means
roughly 160 minutes video in MPEG-1 format. Larger objects can also be handled, but must be
stored outside DB2. A single row in a table can contain at most 24 Gb, where there may be several
columns with 1AV data. A single table can hold up to 4 terabytes (~ 4000 Gb).

To enable querying on complex objects, DB2 keeps administrative data in separate tables. These
tables are called meta tables (or administrative support tables). They contain information about
formats of 1AV objects, such as GIF, sizes of IAV objects in bytes, and many other features of IAV
objects. They may also contain the actual IAV objects, if the objects were specified to be copied
into the database. It is also possible to store files outside DB2, and have DB2 refer to those files
instead of actually copying them into the database.

When an 1AV object is inserted into the database, a handle is created that refers to that IAV object.
The handle may refer to the meta tables or to some file outside the database. This handle is then
stored in the actual user-created 1AV column. The following picture shows an image column, as an
example.
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Figure 2 Handles and meta tables

Figure 2 shows an image example, but the principle is the same for audio and video data. It is not
necessary to perform selects on the meta tables to get the attribute data; attribute data is supplied
through UDFs. This will be exemplified later. In addition to the administrative support tables in the
figure above, there are also administrative tables containing the names of tables and columns that
hold 1AV data, and also what kind of 1AV data they hold. For image data there is also a special
structure, called QBIC catalogue, which will be discussed in a later chapter.

3 Database

In the exercises in chapter 4 we will work with 1AV data stored in a database. This database
consists of three tables, containing songs, artists and music instruments.

Instrurnent

) . B
name aname sname
isound apicture svideo
. oo O
ipicture ainstrument sartist

Figure 3 Music database

The column isound in the table instrument contains audio data.
The column ipicture in the table instrument contains image data.
The column apicture in the table artist contains image data.

The column svideo in the table song contains video data.

You can find scripts for creating and populating the database (we will do that in chapter 4), as well
as multimedia files in your removable disk in the folder D:\Labb3 or at the DB-SRV-1 server: \Db-
srv-1\StudKursinfo\x62 ht2004\Labb3\Music Database. See the Introduction to DB2 compendium
for information about how to log in and get access to files on the server.
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4 EXxercises

In this chapter we will:

1. create a database according to the definition in chapter 3 and enable it for multimedia.
2. fill the database with "meaningful™ data

3. run queries against the database (including the multimedia data)

4.1 Starting the IAV extender service
To make the AV functionality available, we have to start a special process. To start this process,
open a command prompt, and run the following command:

DMBSTART

This starts a special process, called extender service, which must be running on the database server
for DB2 to handle IAV data. This process needs only be started once after you log in to your
workstation. The command prompt window will show the following and two more windows will

Pop up:

5 DB2 CLP - O] =]

=sdmbstart :I
QL1826M The database manager iz already active.

ESS58 — search service controller

ESS58: Search service started.

I

First new window:
=4 | L2 dmb’ bin' desdem.exe .
DESSASPE The schedule sevrvice has heen stavted.

A Do not close this window! (You may minimize it, if you like)

Second new window:
=4 | L4 dmbt bin®,dmbssd.exe
DHBEA1221: The dmhssd server is ready.

A Do not close this window either!



Department of Computer DB2 & Image Audio Video Stockholm
and Systems Sciences  *62/2i11056/2i1071/2i4110 autumn term 2004 October 2003
SU/KTH Relational database design nikos dimitrakas

4.2 Creating the database and the tables

To create the database we will need a DB2 Command Center window, or a DB2 Command
Window. In the example that follows we use a DB2 Command Center for issuing DB2 commands.
In addition to the Command Center window, we will need a DB2 extender Command Line
processor window. To start the DB2EXT Command Line Processor, choose DB2 AlV Extenders
Command Line Processor from the Start Menu (under DB2 extenders).

At this point there should be five windows open:

e A Command Prompt window (from where we started the extender
service).

e Two windows were the DB2 extender service is running.

e A DB2 Command Center window (where we can run SQL statements,
both DDL and DML statements)

e A DB2EXT Command Line Processor window (where we can run DB2
extender specific commands, e.g. for enabling a database for multimedia)

We start by creating a new database called music. Run the following command in the Command
Center:

CREATE DATABASE music

@ If something goes wrong during this exercise, you may need to undo certain steps. For example
you can do DROP TABLE to undo a CREATE TABLE. A complete list of such commands
that can be used for undoing things can be found in chapter 4.7.

When the database has been created, we can enable it for multimedia with the following commands
issued in the DB2EXT Command Line Processor window (one at a time):

CONNECT TO music
enable database for DB2AUDIO, DB2IMAGE, DB2VIDEO

When the database has been enabled, new items have been added: system tables, UDFs and UDTs.
This gives us the possibility to create columns of special multimedia types and also provides
functions for managing multimedia data. But the database is not ready to receive multimedia data
yet.

We can now create tables with special multimedia columns. To create the database tables, use the
CREATE TABLE statements from the "music.create.script” file. Run them in the Command
Center!*

When the tables have been created, we can continue by enabling them for the specific multimedia
types that they contain. Moreover we have to enable each multimedia column for their multimedia
type. We do that with the ENABLE TABLE and ENABLE COLUMN commands (that can also be
found in the "music.create.script” file).

L If DB2 is configured to expect a command terminator character, you will need to either add this character at
the end of each command, or reconfigure DB2 Command Center not to expect a command terminator
character.



Department of Computer DB2 & Image Audio Video Stockholm
and Systems Sciences  *62/2i11056/2i1071/2i4110 autumn term 2004 October 2003
SU/KTH Relational database design nikos dimitrakas

The database is now ready to receive multimedia data. However, there are certain features that we
have not yet activated. Those features have to do with images only and are referred to as QBIC
(Query By Image Contents).

4.3 QBIC (Query By Image Contents)

QBIC provides a more sophisticated form of querying on images. QBIC makes it possible to search
on color distribution and texture. To enable QBIC we must do the following:

< Create a QBIC administrative catalogue for a specific image column. Run the following
command in the DB2EXT Command Line Processor:

CREATE QBIC CATALOG atrtist apicture ON

This creates a special catalogue for the column apicture of the table artist, called the QBIC
catalogue. The QBIC catalogue will contain the administrative (or meta) data associated with
the images in the column apicture. These metadata are used when searching for images by
content.

The ON parameter specifies that when a new image is inserted, the QBIC catalogue should be
automatically updated.

X/
X4

Open the QBIC catalogue. Run the following command to open the QBIC catalogue:

.,

OPEN QBIC CATALOG artist apicture

X/
X4

% Add desired features to the QBIC catalogue. There are four possible features available:

e QbColorFeatureClass enables searches based on average color of image.

e QbColorHistogramFeatureClass enables searches based on comparisons against a
spectrum of 64 colors. For instance, an image may consist of 20% green, 5% blue and 75%
black.

e QbDrawFeatureClass enables searches based on average color in specified areas of
images.

e QbTextureFeatureClass enables searches based on the coarseness, contrast and
directionality of images. Coarseness indicates the size of repeating elements in an image,
contrast identifies variations in brightness in images and directionality indicates whether a
direction predominates in an image or not (for instance, an image of a striped surface or an
image of an evenly colored surface.)

These features can be added to the QBIC catalogue with the ADD QBIC FEATURE
command:

ADD QBIC FEATURE QbColorFeatureClass

ADD QBIC FEATURE QbColorHistogramFeatureClass
ADD QBIC FEATURE QbDrawFeatureClass

ADD QBIC FEATURE QbTextureFeatureClass

It is not necessary to use QBIC features at all. It is also possible to select only a few of them. In
this exercise we will use the two first ones. (You can experiment with the rest on your own!)
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%+ Check the QBIC catalogue info. The following command can be used to see which QBIC
features are active in the QBIC catalogue:

GET QBIC CATALOG INFO

4.4 Populating the database

The database is now more than ready for data. There is a script file for populating the database
(music.populate.script). In this file there are INSERT statements that refer to multimedia files on
the local file system. It is assumed that all the multimedia files lie under d:\tmp. It is essential that
the multimedia files exist in the corresponding directory. If you choose not to place the multimedia
files under d:\tmp, then you will have to exchange the location in the INSERT statements with the
correct one. The multimedia files can be found on your removable disk in the folder
D:\Labb3\Music Database or at the DB-SRV-1 server: \Db-srv-1\StudKursinfo\x62
ht2004\Labb3\Music Database. See the Introduction to DB2 compendium for information about
how to log in and get access to files on the server.

4.5 Running queries

Now that the database has some "meaningful” data, we can run some queries. We can of course ask
ordinary questions, like "Show all the artists that play Acoustic Guitar!"

That is, in SQL.:

SELECT aname FROM artist WHERE ainstrument = 'Acoustic Guitar'

Here is the result:

& Command Center =101 x|
Command Center Interactive Edit Tools Help fmm
P B B2 P EH & 0D E HEE B s 63

Interactivel Scriptl Gluery Resultsl ACCESS PIanI

Database connection

|LocAL - DB2 - MUsIC [
Command history
|SELECT aname FROM arist WHERE ainstrument = ‘Acoustic Guitar’, ll
Command
SELECT aname FROM artist WHERE ainstrument="Acoustic Guitar’ ﬂ SGL Assist |
_| Append to Script |
ANAME ;I
Meja

Enrique Tglesias
Ricky Martin

3 record(s) selected. —vl
4 | _»I_I
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If we want to ask the database something about the multimedia data stored in the database, we have
to use special functions. Here is a list of some useful functions that apply to multimedia data:

L Applies to Page in
UDF Description . .
P Image | Audio | Video | Manual
Returns or updates a comment stored with an image, audio, or X X X 206
Comment | ijeo.
: Returns the duration (that is, playing time in seconds) of a X X 228
Duration WAVE or AIFF audio, or video.
: Returns the name of the server file that contains the contents X X X 229
Filename of an image, audio, or video.
Format Returns the format of an image, audio, or video. X X X 232
FrameRate | Returns the throughput of a video in frames per second. X 233
Height Returns the height, in pixels, of an image or video frame. X X 236
NumColors | Returns the number of colors in an image. X 242
NumFrames | Returns the number of frames in a video. X 243
Size Returns the size of an image, audio, or video, in bytes. X X X 257
Width Returns the width in pixels of an image or video frame. X X 264

The syntax of these functions is quite simple:

MMDBSYS.fu

Where:

nction(columnname)

MMDBSYS is the name of the schema that owns the functions (it is always the same)
Function is the name of the function (for example Width)
Columnname is the name of the column that contains the multimedia data (for example apicture)

There are also four special UDFs for QBIC attributes:

UDF Description Y I

Manual

QbScore FromName Returns the score of an image (uses a named query object). 245
QbScoreFromStr Returns the score of an image (uses a query string). 247
QbScoreTBFromName Returns a table of scores from an image column (uses a named query object). 248
QbScoreTBFromStr Returns a table of scores from an image column (uses a query string). 250

Of these four functions, we will only use the second one (QbScoreFromStr). The syntax of this

function is

MMDBSYS.QbScoreFromStr (queryString, imgHandle)

Where:

QueryString is a string containing a query:

Examples

e The following query string specifies an average color of red?:

2 Colors are denoted with the amount of red, green and blue. The value of each color must be between 0 and 255.
A bluish green for example would be <0,255,140>

10
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QbColorFeatureClass color=<255, 0, 0>

e The following query string specifies a histogram comprised of 10% red, 50%, green, and 40%
blue:
QbcolorHistogramFeatureClass histogram=<(10, 255, 0, 0), (50, 0, 255, 0),(40, O, O,
255)>

ImgHandle is a column containing images to be evaluated according to the queryString

@ For more details on the syntax of a queryString and for a complete specification of values (for
example color) available in Feature classes (for example QbColorFeatureClass and
QbcolorHistogramFeatureClass), refer to the IAV manual, page 143.

We can now go back to solving queries...
For example we could have the following query:

Show the average quality (Frames per second) and average duration of all the videos, for each
artist!

To do this we have to use two UDFs: FrameRate and Duration. Then we have to find the average of
those for every artist (artists can have more than one video).

Here is an SQL statement that does exactly that:
SELECT satrtist,
AVG(MMDBSYS.FrameRate(svideo)) as "Average Frame Rate",
AVG(MMDBSYS.Duration(svideo)) as "Average Duration"
FROM song
GROUP BY sartist

11
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Here is the result:

B Command Center k =10l =
Command Center Interactive Edit Tools Help \—_\.“,@;ﬂ
r B EBEHQ0IE BE Bi: @O

Interactivel Scriptl Query Resultsl Access Plan|

Database connection

[LocaL - B2 - MUSIC [

Command history
ISELECT sarist, AVGMMDBSYS FrameRatedsvidea)) as "Average Frame Rate”, AVGIMMDBSYS Durationisvided)) as "Average Duration” FROM 5. LI

Command

SELECT sartist, = SGEL Assist |
AVGIMMDBEYS FrameRateisvideo)) as "Average Frame Rate",

AVGIMMDBEYS. Duration(svideo)) as "Average Duration” Append to Script |
FROM song

GROLUP BY sartist

_____________________________________________________________________________ _‘I
SARTIST Average Frame Rate Awerage Duration
Destinys Child 25 238
George Michael 11 33
Jessica Simpson 15 29
Mariah Carevy 12 32
Michael Jackson 9 25
Tori amos 14 50

& record(s] selected.

Rl |

sl

Another query can be the following:
Calculate how many pixels there are in every artist’s picture!

To solve this query we can use the height and width functions, which return the amount of pixels
of the dimensions of an image. And the SQL statement could look like this:

SELECT aname, (MMDBSYS.Height(apicture) * MMDBSY S.width(apicture)) as Pixels
FROM artist

And if we want to sort the results so that the biggest picture comes first:
SELECT * FROM
(SELECT aname, (MMDBSYS.Height(apicture) * MMDBSY S.width(apicture))

as Pixels FROM atrtist) as temptable
ORDER BY Pixels DESC

12
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Or simply:
SELECT aname, (MMDBSYS.Height(apicture) * MMDBSY S.width(apicture)) as Pixels

FROM atrtist
order by 2 desc

where 2 refers to the column Pixels (the second column in the result), but before the column alias
has been assigned.

Here is the result:

B Command Center ] 4]
Command Center Interactive Ecit Tools Help L Rt

BHoEH B E &S O SEE EE B s W2
Interactive I Scriml Query Resultsl ALCESS F'Ianl
Database connection

[LocaL- DBz - MUSIC [
Command histary
ISELECT aname, (MMDBSYS Height{apicture) * MDBEYS width{apicture)) as Pixels FROM artist order by 2 desc ; LI
Command
SELECT aname, (MMDBSYS Heightiapicture) * MMDBSY S width(apicture)) as Pixels FROM artist - S0L Assist
order by 2 desc |
BB Command Center =10l x(
Command Center Interactive Edit Tools Help RS
. — oy = = =
0 I e B [ o = R = = I S ]|
Imeractwel 5cnpl| Query Resu\lsl Access F'Ianl
ANAME PIXELS Datahase connection
[LocaL- DBz - MUSIC [
Mariah Carey 330504 X
Meia 09246 Command histary
Michael Jackson 246372 IBELECT’ FROM {SELECT aname, (MMDBEYS. Height{apicture) * MMDBEYS width{apicture)) as Pixels FROM artisty as termptable ORDER BY Pix... LI
Ricky Marrtin 161376 Cammand
Mad?nna lz2g000 SELECT * FROM = SaL Assist |
U5 FNCE LOLEEH (SELECT aname, (MMDBSYS Height(apicture) ~ MMDBSYS.width(apicture)) as Pixels FROM artist) as temptable
Destinys Child lo6400 ORDER BY Pixels DESC Append to Script |
Jessica Simpson ga700
Will Smith 61875
Enrimue Iglesias 56160
Jennifer Lopez 46725 _'|
Lenny Krawvitz 19z00
George Michael 15300 ANANE PINELS il
Britney Spears 15400
Mariah Carey 330504
14 recordis) selected. Meia 309245
Michael Jackson 246372
4] | Ficky Martin 161976
Madonma lzso00
Tori Amos 106932
Destinys Child 106400
Jessica Simpson 86700
Will Zmith BLE75
Enrique Iglesias 56160
Jermifer Lopez 46725
Lermy Kravitz 19200
George Michael 18300
Britney Spears 15400 J
14 record(s) selected. -
4| | »

We can now try a query that requires a QBIC feature. Let’s try to solve the following query:

List all the artists according to the blackness of their picture!

To answer this query we need to use the QbColorFeatureClass. This class provides the
possibility to compare a given color to the average color of an image. So we can compare all the
images to black and order all the artists according to the result. The queryString would therefore be:

QbColorFeatureClass color=<0,0,0>

This queryString is the first parameter that is required in the MMDBSYS.QbScoreFromStr
function. The second parameter is the image that we want to compare, which is in the apicture

13
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column of the artist table. What the function returns is a numeric value between zero and infinity,
or —=1. -1 indicates that the image compared has not been cataloged (Normally the default is to
catalog all the images automatically. If this hasn’t been done, images can be cataloged with the
CATALOG QBIC COLUMN FOR NEW command. This command should be executed while the
QBIC catalogue is open.). If the result is O then the image matches exactly the criteria in the
queryString. The greater the value gets, the more the image does not match the criteria. In our case,
a dark picture should get a score close to zero, while a bright image should give a greater score.

H H . B Command Center ;Iglll
Here IS’ In any Case' an SQL Statement' Command Center Interactive Edit Tools Help “\m:

Bl B8 6 &0dE HE 2Bs 63

Interactive | Script| Query Results | Access Plan |

SELECT aname,

MMDBSYS.QbSCOI‘EFI‘OI’nStI’ ( Database connection
1
QbColorFeatureClass |LOCAL-DB2- MUSIC |
— 1 N
CO|OI’—<0,0,0> , ICommand history _I
H SELECT aname, MMDBSYS. QbScoreFromStr { ‘GhCaolorFeatureClass color==0,0,0="_ +
apICture Comrmand
) as darkness SELECT aname, = SAL Assist |
1 MMDBSYS. QbScoreFramStr {
FROM artist ‘QbColorFeaturaClass colar==0,0,0=", Append ta Script |
ORDER BY 2 apicture
Jas darkness
FROM artist
R CORDER BY 2
And on the right you see how the result =
would look: ANANE DARKNESS B
Tori Amos +1.19366288185120E-001
Will Smith +1. 29035530497 742E-001
Destinys Child +1. 6385471820831 3E-001
Michael Jackson +2.35136687755585E-001
Britney 3pears +2.69941955607147E-001
Mariah Carey +2.77469158172607E-001
Madonna +2.90020108222961E-001
Jennifer Lopez +3.59409213066101E-001
Ricky Martin +4. 709203583930206E-001
Lenny Kravitz +4. 50950713157654E-001
Jessica Simpson +4.99340591535074E-001
George Michael +4,99620974063873E-001
Enrique Iglesias +5.581176843975067E-001
HMeja +7.62279629707336E-001
14 recordis) =elected. J
T _>|_I

The score returned by the MMDBSYS.QbScoreFromStr function can also be used in an
aggregate function or in the WHERE clause to build a criterion. Here is a little more advanced
query that requires just that:

Show the name of the artist that has the darkest picture and the amount of videos that are

associated with that artist and their total length in seconds! (Use the
QbcolorHistogramFeatureClass instead of the QbColorFeatureClass!)

14
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Here is the SQL statement for that:

SELECT aname,
COUNT(sname) AS "Amount of songs",
SUM(MMDBSYS.Duration(svideo)) AS "Total Duration"
FROM artist, song
WHERE MMDBSYS.QbScoreFromStr (
'QbColorHistogramFeatureClass histogram=<(100, 0, 0, 0)>',
apicture) =
(SELECT MIN( MMDBSYS.QbScoreFromStr (
'‘QbColorHistogramFeatureClass histogram=<(100, 0, 0, 0)>',
apicture))
FROM artist)
AND aname = sartist
GROUP BY aname

And the result:

B Command Center i [m] |
Command Center Interactive  Edit Tools Help _\:’Fj

» 0 2P B SG0HE 290 BilED
Interactivel Script' Query Results' ACCESS F'Ianl

Database connection

|LOCAL - DBZ - MUSIC [
Command history
ISELECT aname, COUMT(sname) A5 "Amount of songs", SUMMMDBSYS. Duration{svideo)y AS "Total Duration” FROM artist, Snn...j
Command
SELECT aname, S0L Assist |
COUNT(sname) AS "Amount of songs",
SUMMMDBSYS Duration{svideo)) AS "Tatal Duration” Append to Script |

FROM artist, song
YWHERE MMDBSYS QbScareFromStr
‘AbColorHistogramFeatureClass histogram==(100, 0, 0, 0y=",
apicture
{SELECT MIN{ MMDBSYS.GhScoreFramStr {
‘GhColorHistogramFeatureClass histogram=={100, 0, 0, 03=",
apicture

]

)
FROM artist)
AMD aname = sartist
GROLUP BY aname

ANATE Amount of songs Total Duration

Tori Amoz 1 a0

1l recordis) selected.

Al

| |
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4.6 Assignments

The following queries should be solved sent in electronically in the FC conference “RELDES
Assignments” (SQL statements and execution results):

1. List all the instruments, the length of their audio (in seconds) and the size of their picture (in
bytes)!

2. Show the name and instrument of the artist that has the video with the best quality (most frames
per second)!

3. List the instruments that their picture gives a score of less than 0.38 when the picture’s average
color is compared to blue, also list the dimensions of their picture and the amount of artists that
are associated with that instrument! (It is OK if instruments that have no artist don’t appear on
the result.)

For the third exercise you will need to create a QBIC catalogue, add a feature in it and then catalog
the images. Those commands (together with the responses you got when you ran them) must also
be included in the solution that you send in!

4.7 When things have gone bad!

Sometimes you may need to undo certain steps, in order to correct something. In the table that
follows you can find which commands that can be used to undo other commands.

Use this command to undo this command
DROP DATABASE CREATE DATABASE

DISCONNECT
FORCE APPLICATIONS ALL

REMOVE QBIC FEATURE ADD OQBIC FEATURE

For the syntax of these commands, consult the Reference part of DB2 Information Center (general
DB2 commands) or type ? in the DB2EXT Command Line Processor (DB2 Extender specific
commands).
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5 Internet Resources

DB2 IAV extender

http://www-3.ibm.com/software/data/db2/extenders/aiv/index.html

6 Epilogue

When all this is done, you should have an idea of how to use DB2 to manage multimedia data.
There is much more that DB2 can do with multimedia data. If you are interested in learning more
about this, then a good place to start is the DB2 IAV manual.

I hope you have enjoyed this compendium.

The Author

hod dimitral
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