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1 Introduction

This compendium gives a short introduction to DB2 10 and its facilities for database
administration. We discuss installing DB2 10 and using the Command Editor and the Control
Center. After that, there is an introduction to some DB2 specific XML features accompanied
by SQL/XML features supported by DB2. All the examples are tested on DB2 for Windows on
a Windows 7 64-bit platform, but they should work in a similar manner on any platform. It is
recommended that you use DB2 for Windows.

The latest version of this compendium is available at
http://coursematerial.nikosdimitrakas.com/db2xml/ where all other relevant files can also
be found.

1.1 DB2

DB2 is IBM's relational DBMS and it was one of the first such products. Since version 5 or 6
IBM has included XML features in DB2. During the past decade many of those features have
become part of the SQL standard, while others have been replaced by similar standard
facilities. DB2 10 (and DB2 9) has abandoned several DB2 specific XML solutions available in
the previous versions and is moving closer to the SQL standard. DB2 10 is still missing several
XML features that are part of the SQL standard.

DB2 has a set of tools for working with DB2 databases and for managing DB2 installations. In
version 9 and earlier DB2 was bundled with tools like the Control Center (which served as
the main hub for performing almost everything with several wizards for practically every
command) and the Command Editor (a tool for executing SQL commands and scripts). From
version 10, these tools have been discontinued and replaced by IBM Data Studio which is
presented later in this introduction.

1.2 Prerequisites

It is required that the reader is familiar with database administration and SQL and has a good
understanding of XML. This introduction focuses on DB2 specific XML features, so most basic
database concepts will not be explained in detail. All the examples can be executed in any
interface tool for DB2 but the recommended tool is the Data Studio (which is bundled with
some DB2 editions, but has to be installed separately when using the Express-C edition).

1.3 Structure

In the next chapter we will take a quick look at the installation and configuration of DB2 and
the Data Studio with a short introduction to the relevant facilities of the Data Studio. After
that we will look at the sample data used in the examples to come. In chapter 4 we will go
through several examples using the sample data and DB2's XML features.

2 DB210

Several editions of DB2 10 are available as free trials by IBM. The Express-C Edition is free,
but it has limited functionality compared to the other editions. In this introduction, we will
use the Express-C Edition, but all the other editions (Enterprise, Workgroup, Express,
Personal) should work just fine.
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2.1 Installation

Start by downloading the appropriate installation file. This compendium is based on version
10.1 for Windows x64. In order to download the installation file, you may need to create a
free account.

Run the executable to start the installation. You may need to unzip the downloaded file once
or twice first. Eventually, the DB2 Setup Launchpad should appear:

~icix

Welcome

B Welcome

Welcome to DB2 Version 10.1

Release information

Pre-installation planning 4 ~ Welcome to_\BM DBZ2 Express-C 10.1. The DB2 Setup Launchpad gives you_access to all of
ﬁ | the information that you need to install your DB2 products and features for Linux, UNIX, and
.~/ Windows operating systems. To access more information aboutthe DB2 products available
for installation or to perform an installation, select from the tabs provided. You can learn more

Upgrade information

Install a Product about DB2 products by visiting the DB2 Product Family web page.
Install Data Studio Proceed through the topics highlighted in the left pane to install your DBZ product, ensuring
components ) .
that you have carefully reviewed the pre-installation planning and upgrade topics
Exit

DB2 Product Family web page

{C) Copyright Intemational Business Machines Corporation, 1383, 2012
This Program is licensed under the terms of the license agreement accompanying the Program. This licanse agresment may be sither
located in a Program directory fokder or fibrary ientified as ‘License’ or ‘Non_IEM_License’, if applicable, o provided as a printed license
agresment, Please read this agreement carefully before using the Program. By using the Program, you agre to these terms. [BM and
the IBM logo is a trademark or registered trademark of Intemational Business Machines Corporation in the United States, other countries,
or both. LIS Govermnment Usars Restrictad Rights - Use, dupiication or disclosure restricted by GSA ADP Schadule Gontract with [BM
Corp,

Select "Install a Product" from the menu and install a "DB2 Express-C Version 10.1". The
installation wizard will appear which will guide you through the installation and
configuration. Press "Next", accept the License Agreement and press "Next" once more.
Choose "Custom" as the installation type:

i'é“ DB2 Setup - DB2 Express-C - DB2COPY1 = IDIﬂ

Select the installation type

 Typical: Approximately 600 - 800 MB
" Compact: Approximately 600 - 800 MB
% Custom:! Approximately 600 - 1200 MB

r~ Information about the installation type

If you are already familiar with DB2 features and settings, you can select the features that you want
installed and specify your configuration preferences.

The default settings for a custom installation are the same as those for a typical installation, but you can
customize optional features and configuration parameters.

Inztallshield

< Back | Mext = I Cancel Help
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In the next step, choose to install DB2 on this computer:
=lmix]
Select the installation, response file creation, or both

The DB2 Setup Wizard can install DB2 Express-C on this computer, create a response file that you can
use to install this product on a computer later, or both.

¢ Install DB2 Express-C on this computer:

' Save my installation settings in a response file

Mo software will be installed on this computer.

" Install DB2 Express-C on this computer gnd save my settings in a response file

Response flename  |C:\WUsers\nikos\Documents\PROD_EXPC.rsp

Installshield

< Back | Mext > I Cancel | Help |

In the next step, you may add or remove features. For example, the Application
development tools, LDAP support, Secure Shell Server, and spatial extender are not relevant
to this introduction and can be excluded, which saves some space.

i'é“ DB2 Setup - DB2 Express-C - DB2COPY1 ll

Select the features to install

To customize which features are installed, dick on icons in the following list.

 Feature Description

- Qvl DE2 Express-C -
E| The Server support group contains required DB2
server components and additional compenents for
: extending server functionality.
-

~ | Spatial Extender server support
¥ _~| IBM Secure Shel Server for Wind:

=)~ | DB2 Update Service

Bl =)= | Client support

- (=)~ | Base dient support

- ¥ _~| DBZ LDAP support
- &3~ | Interfaces

-I=3 ~ | Administration tools

- ¥ +| Application development tools

4| i B

This feature requires 2 KB on your hard drive. It has
0 of 2 subfeatures selected. The subfeatures
require 255 MB on your hard drive.

r Installation folder

Directory IC:‘ngram Files\IBM\SQLLIBY, Change...
Space required: 960 MB Disk Space ...

Installshield

< Back | Mext = I Cancel | Help |

In the next step you can choose to install additional interface languages. We are fine with
just English. In the next step you can name your installation. The default is DB2COPY1,
which is fine. You can also choose the directory where DB2 will store application data.
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i'é" DB2 Setup - DB2 Express-C - DB2COPY1 ll

Set the DB2 copy name

Enter a unique DB2 copy name for the installation path you have chosen. The DB2 copy name will be used to uniquely
identify the installation path.

DB2 copy name

|pB2COPY1

¥ | Set this as the default DE2 copy on this computer

Applications that are not enabled or configured to use a spedific DB2 copy will use this copy by default. It will also be
the copy that will be accessible by default from the command line.

Enter a new common application data top path to be used by the current installation copy. To select a different path,
dlick Change or type a path.
DEB2 Commen Application Data Top Path

|C:\ProgramData‘\ Change...

Installshicld

< Back | MNext = | Cancel

In the next step you can select how you want to access the Information Center, which is the
DB2 manual. The IBM web site option is fine.

i'é" DB2 Setup - DB2 Express-C - DB2COPY1 _ | Dli‘

Specify the location of the DB2 Information Center

The DB2 Information Center contains documentation for DB2 products. The DB2 Information Center can be accessed
on the IBM Web site, installed and accessed on another computer on your intranet, or installed and accessed on a
local computer. This setting can also be changed after installation is complete.

Select the location from which you will access the DB2 Information Center:

& On the IBM Web site

If you want to install and access the DB2 Information Center locally, install the DB2 Information Center on this
computer from the CD labeled DB2 Information Center.

" On the following intranet server

Host name I

Port number IS 1000

Installshield
Cancel | Help |

In the next step you must provide a password for the db2admin account. This will be the
administrator account for DB2 and it will be used for running the DB2 services on the
system. You have the option to instead use the local system account, but IBM recommends

using a user account instead.
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i'é‘- DB2 Setup - DB2 Express-C - DB2COPY1 - I DIEI

Set user information for the DB2 Administration Server

The DBE2 Administration Server (DAS) runs on your computer to provide support reguired by the DB2 tools.
Specify the required user information for the DAS.

It is highly recommended that you use a local user or domain user account instead of the LocalSystem account.
Further details are available by dicking Help.

% Local user or Domain user account

User information

Domain | None - use local user account j
User name |dbzadmir||

Password | seensene

Confirm password | seaeneee

£~ LocalSystem account

[ Use the same account for the remaining DB2 services

Installchicld

< Back | Mext = I Cancel | Help

nikos dimitrakas

In the next step, you see that a new DB2 instance will be created. You may configure the
instance, so that it for example does not start automatically every time Windows starts, but
then you will have to manually start it every time you want to use it. Leave the default
settings and go to the next step. Deactivate notifications and move on. If the operating
system security is enabled, then Windows users must belong to the right group in order to
access the local database instance and databases. By disabling this option, all local accounts
will have full access to the database instance. We disable it, but you should choose the
appropriate option for your system. If you enable this option, make sure to make your
account a member of DB2ADMNS in order to get full access. After this step, the wizard will

present a summary, before the installation is completed:

i;% DB2 Setup - DB2 Express-C - DB2COPY1 - | (m] il

Start copying files

The DB2 Setup wizard has enough infarmation to start copying the program files. If you want to review or
change any settings, dick Back. If you are satisfied with the settings, didk Install to begin copying files.

Current settings:

Product to install: DB2 Express-C - DB2COFY1 ;I
tallation type: Custom J

DB2 copy name: DB2COPY1

Set as default DBZ copy: res

Set as default IBM database client interface copy. Yes

Selected features: LI

< Back | Install I Cancel | Help

After pressing "Install" you may have to wait for a while. The installation will take a few

minutes and eventually you will get the message "Setup is complete".
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During the installation several Windows services were created and they use the db2admin
account, which was also created in the system:

Qservices =lol x|

File Action View Help

€& =lc=HE > 80 ®

. Services (Local)

L} Services (Local)

DB2 - DB2COPY1 - DB2 Mame_~ | Desciption | Status | StartupType | logonas | 4]
| 64 DB2 - DB2COPY1 - DB2 Allows applications to create, update, control, a... Started Automatic JAdb2admin
Stop the service £, DB2 Governor (DB2COPY 1) Collects statistics for applications connected to ... Manual \db2admin
Restart the service 5+ DB2 License Server (DB2COPY1) Monitors DB2 license compliance for the DB2 cop... Manual Local System
£, DB2 Management Service (DB2COPY 1) Manages DB2 registry entries for backward com...  Started Automatic Local System
Description: £, DB2 Remote Command Server (DB2COPY 1) Supports remote DB2 command execution for th...  Started Automatic .\db2admin
ﬂgﬁi|aEELﬁ?..ﬂ:ﬂ?,:::E:|mdaE! ;I £, DB2DAS - DB2DASD0 Supports local and remote database administrati... Started Automatic .\db2admin ;I

%, Extended Standard /

2.2 Data Studio

Data Studio is a free tool offered by IBM for administration of DB2. There are two versions:
administration client and full client. The full client has more features targeting application
developers and offers integration with Eclipse. The administration client offers all the
functionality database administrators and database designers need. In the section we will
look at the installation of the Data Studio administration client and at some of its relevant
facilities. For a more comprehensive introduction take a look at IBM's free ebook Getting
Started With IBM Data Studio for DB2.

Data Studio is not bundled with DB2 10 Express-C edition. It must be downloaded and
installed separately. All other (non-free) DB2 editions include Data Studio, thus the
installation section is only relevant if you are using the Express-C edition. In this introduction
we use Data Studio 3.1.1 administration client (together with the DB2 10 Express-C edition
that we installed in the previous section).

2.2.1 Installation and configuration

Start by downloading the appropriate installation file. Unzip it and run the executable
install.exe. The installations wizard does not require any significant configuration for the
installation. Just go through all the steps and install Data Studio administration client. Once
the installation is complete, you can start the Data Studio. You should see the following:

B Database Administration - Task Launcher - IBM Data Studio -1ol x|
Arkiv Redigera Navigera Sok Projekt Fénster Hijalp

J - ”@J [¥] Task Navigator = J o J - ! B - [ | [ Database ad...
ﬁhdmimstration Explorer =0 (@} Task Launcher &3 =0

o New v & [ I\glﬁl
B All Databases
o[22 Working Sets

Overview J{RBIELT) Administer | Tune | Monitor

Task Overview Getling Started
- 2 Connect and browse a database
o Design L
=5 7CH Tasks that are related to database modeling and - . .
27_ design. For example, creating or changing (&) Add connections in the web console
datahase tahles. LI
5 - | v =0
| | _}I =] Egenskaper 1 50L Results | %] Job Manager B 50 )
= Egenska Vard:
5. Data Project Explorer 0 || —En==e I e I

| o |
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Unfortunately, Data Studio will ignore the language chosen during the installation and may
mix languages randomly as shown in the screenshot above. To force Data Studio to start in
English, use the command line parameter "-nl en" (so run datastudio.exe -nl en). A good idea
is to add this to the shortcut that you use to start Data Studio. The Data Studio will now look
like this:

[® patabase Administration - Task Launcher - IBM Data Studio I =]

Elle Edit Navigate Search Project Window Help

[ & ”@j [£] TaskMavigator = | o7 = | o - - .= ﬁ’m

T — =0 [13} TaskLauncher 52 =0
e o | _—

E (= All Databases; - . - - .
" @8 Tocahost TN | Design | Develop Administer | Tune | Monitor

\ (= Working Sets

Task Overview Getting Started

_ & Connect and browse a database
- Design L
= Tasks that are related to database modeling and design. For " N N

:7 example, creating or changing database tables. [5f Add connections in the web console

[C. Import connections from the web console
Develop

Tasks that are related to developing database applications. 2 Learn about the Eclipse-based product interface: Videos
\_;\,_ For example, creating a stored procedure,

(1) Download and install the sample database
Administer

) d
4 | o Tasks that are related to managing and changing databases. 1) e et
o M0, For example, granting or revoking security privileges.
T == (1) Getstarted in Data Studio =l
= E properties . £ 5QL Rasu\ts} & Job Manageq = ¥ =0
=1

Properties are not available.

{fnfe 0items selected ]

2.2.2 Interface

On the top left, we have the Administration Explorer where we can navigate through
different database servers, instances and databases. The local database server should show
up automatically. To add a database server choose New > New Database. In this introduction
we will work with the local DB2 (called localhost under All Databases).

On the bottom left, we have the Data Project Explorer which is only relevant when working
with projects, so we can minimize it.

On the right side, we have the Editor Area where the Task Launcher appears when we start
the Data Studio. This is the area where we can work with SQL or see details about the object
selected in the Administration Explorer.

Under the editor area, we have the Properties tab, the SQ Results tab and the Job Manager
tab. The Job Manager is used to schedule tasks and it is not relevant for this introduction, so
we can close it. The other two tabs are important. The Properties tab lets us edit details of
the selected item in the Administration Explorer or in the Editor Area. The SQL Results tab is
used to present the results of any SQL (or XQuery) statement or script that we run. It
contains a log, a status and a result (when applicable).

By pressing F1 at any time, an extra area will appear on the right side with context sensitive
help.
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2.2.3 Working with Databases and SQL

The Data Studio offers many wizards to assist in performing basic tasks like creating a
database, a table, etc. In order to create a database, a database server and an instance must
first be available. The local server and its default instance should be available in the
Administration Explorer. By right-clicking on an instance, we get the option to create a new
database. After specifying a username and password, we will have to specify the name of
the new database and we may also configure other details such as storage area and
collation.

Ge [t Havigate Seprch Project Wndow e
- @ | 0 Task gt = | 4 - - -t - - I | [y Databianse 2.
T Administaton Explorer = O[5 tew database ] =0

Sibew - o || New database =

= 2 Al Databases

= B lcakost e yous o create &
Fopkl Koo sbout \

Working Sets

» Commection : localhost - D2 - Hot applicable

Settings

ey vy ackitonal e o ube. Ciek R when yons e dore,
Erecen Commard

Loewis  Spacily the information for the new database
. Storage
3 Locse

Erter e ram for b o Lok the dhabibase ko your roas . For
Windoves: 1 D82_CREATE D8 0N _PATH ks not set or set fo W0, the datshese
B letter drvve.

Database name: ol
Database locason:

o

=
Froperbes S Resdts 53 wT=n
Property | wahot

3. Dala Praject Explorer ;T =0

In order to run any SQL statement, we must first have a database and a connection to it.
After specifying the database name (and moving out of the name field) the Run button will
be activated. The Data Studio will actually execute a CREATE DATABASE command as soon as
we press Run. This is also visible in the SQL Results tab:

[ Properties fZ 501 Results ® % | =NE| | Y =0
[ Status
Status | operation | pate | connection.... | CREATE DATABASE "testdb” AUTOMATIC STORAGE YES =]

¥ Succeec CREATE DATABASE “testdb” ... 7/11/123:3... Notapplicable DB200001 The CREATE DATABASE command completed successfuly.

Query execution time => 1min: 9 5: 374ms

Once a database has been created, we can right-click on it in the Administration Explorer in
order to connect to it. As soon as a connection has been established, the Administration
Explorer will show a tree of all the possible objects and with relevant options upon right-
clicking on any object type:

10
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B Database Administration - testdl - (B2 UDE V0.1 - IBH Data Studio I [=] S |
Fe Bt tgate Sewch Prowct Morate Wendw el
| w = @ | kg = | - | AR F7 | 12 motabose aa...
ir} 4 =0 [ sowtssd [ vesed 5 _ =0
SiMew w5 ey gl T e b - v B locaest b @082 s b [T Tabies # [ 5
A Datbases
S — b r rguir Tobies .. pice | LOB Tabiesoues | Doln Caph Diat
- & Ay [=] STRATTRIRITES. © STRCATSIACE
- testcth (D82 for Lo, UNIY, ard Winowes w10 | [ Sstimn STSALOITEXCERTIONS ] STSCATSPACE OE
s P [ switm STSALDITPOLICES L] SYSCATSPACL o
Al [ srsim STSALOITUSE L] STSCATSACL LY
Aophcation Objects [ srstm SIDFPRPOOLNOES 0 STSCATSPACE HOHE
Buffer Pock SrSIm SISFPERPOOLS [} STSCATSPACE HOHE
ok Mardks [ svsmm EOEDE [} SYSCATSRACE HorE
Constraints [ svsEm SYSCODEPROPERTIES [ SYSCATSPACE HOHE
Federated Catabase Cbjects O svamm SHSCOLALTH [} SYBCATSRACE norE
Indexes O svamm SHICOLCHECKS. [} SYSCATSRACE e
maTs [ smiim STCOBBORCES 0 STRCATERACE g
Portition Greugn O smiim STICOLDT [ STRCATSRACE g
ey v [ srsim STECOUGROUPDIST [ STSCATSEACL o
Schernas [ srsim STSCCUGROUPDISTOOUNTS 0 STSCATSACL o
Sequences : SPSIM SYSCOLGROLPS o SYSCATSPACE HOHE
Sascage Groups T svsma SISCOLGROUPECOLS [} STSCATSPACE HOHE
= LB SYSCOLLATIONS. [} SYSCATSRACE HorE =
T peliiond . bpliecs e |

[ Create System-Period Temporal Table

e [ Create sophcatin Seriod Terperal Tt bon s locahost - D02 - st

Shavang 14 o 14 ftems.

iem, [ Erenle Bhermporal Table
L Refesh
= Workrg Sety
£ Databwrse Cabaiog Filter...

o st e

=)

By selecting an option like "Create Table" the appropriate wizard will show up. If we instead
prefer to work with SQL, we can start a "New SQL Script" from the Administration Explorer.
A new script tab will appear in the Editor Area and it will be associated to the database

connection that was selected in the Administration Explorer.

B Uit abirse Admimistration - sqlxeditor_project] Scrigt%.sql - 1891 Data Studio Im =]
He Gt Howgate Sewch Proct Sope Bn Windw beb
= e I T 1 2 Potatone ..
= horer *_ = O (14 sapthsd £, =0)
= e
Mew < i b + Gonnectian: localhost - DA - testdls Odh jlmad
= 2 Al Databases
'i;‘*‘m"' ) Comfguraton | 75 valdaten | 7 Soecial Regsters |
= & ety (DB for Linusy, UNIX, ard Warows: V10, Connection:  [ncalheont - D83 - teetels w] select. =
Changs Pl
Ao unmethed: [T06C |
Appbcation Chjects
intter Foske s opons:
Colun Masks ™ Refresh exphores view after scrgt s run
Conatrans 7 Open s e ert
Federated Database Objects B S LD
Indeves O et ontrmor
TS {7 Commit afier each statement = Contrue
o e Gt on completion of ot sk =l
Schermas
Sequrers ﬂ
E——
Tabien
Table Spaces. v
Tragges | »f
Usere and Grupe L - - !
ews I Praperties | T 500 Results (SR
0 Schemas I e
(5 Working Sets. _— o fate Convanon.. =)
4l s
T —— z~ =8 i | L'J
1 Vritatsie Semart et LR

The Connection part can be hidden and then we have a large script area for writing SQL. To
execute an SQL statement or script, we can press the green Run button or press F5. The SQL
Results tab will show a log of the commands executed and possible error messages. If a
single statement that has a result is executed, then the Result tab will be available with the
result (a table with rows and columns).
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¢ E-H) tocahost =l
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(] Change Plans i | F

[ Aliases

(] Appiication Objects [ Properties fﬁ 501 Results

®REx|BE[pT"0O

-~ Buffer Pocls |
[ Column Masks

[ Constraints

#1[] Federated Database Objects

{1 Indexes ~

o ol
Ee )

[?5. Data Project Explorer

Status | Result1

&

7/11/12 5:0... _testh s
2 4

ERE

<

Total 3 records shown

IFai Displayed 1 of 1 results: 1 succeeded, 0 failed, 0 terminated, 0 warning, 0 aitical error
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3 Sample Data

In this chapter we will take a look at the data that we will use in the examples to follow. We
will use a database with both relational data and XML data. That is, a database with tables,
columns, keys, integrity constraints, etc. but with a couple of columns containing XML
documents (each cell being an XML document).

! :fD — ¥ - Publisher
;E; Title % Wame
Translations OriginallLanguage Strest
Book o0 Genre — % Book City
oo % Author PastalCode
Country
1D -

Mame
Infa

The columns Edition.Translations and Author.Info contain XML according to the following
XML Schemas. The rest of the columns are defined as VARCHAR and INTEGER. The only
column that allows NULL is the column Book.Genre.

XML Schema for documents in Edition.Translations:

<?xml version="1.0"?>
<schema xmlns="http://www.w3.0rg/2001/XMLSchema">
<element name="Translations">
<complexType>
<sequence>
<element name="Translation" minOccurs="0" maxOccurs="unbounded">
<complexType>
<attribute name="Language" type="string" use="required"/>
<attribute name="Publisher" type="string" default="N/A"/>
<attribute name="Price" type="integer" use="required"/>
</complexType>
</element>
</sequence>
</complexType>
</element>
</schema>

The value of the attribute Publisher must correspond to a value in the column
Publisher.Name. This kind of constraint could be implemented as a set of triggers.
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XML Schema for documents in Author.Info:

<?xml version="1.0"?>
<schema xmins="http://www.w3.0rg/2001/XMLSchema">
<element name="Info" type="InfoType"/>
<complexType name="InfoType">
<all>
<element name="Email" type="string"/>
<element name="YearOfBirth" type="integer"/>
<element name="Country" type="string"/>
</all>
</complexType>
</schema>

The entire script for creating and populating the database can be found on
http://coursematerial.nikosdimitrakas.com/db2xml/

The script can be run in the Data Studio after creating a database called bookdb and
connecting to it.

3.1 XML data type

In DB2 10 there is a special data type for XML. The data type itself is called XML. There is no
support for associating a DTD or XML Schema with a column of this data type directly.
Instead, validation of XML values must be done manually with the function XMLVALIDATE
and it supports only XML Schema. Any schema to be used for validation must be registered
in the schema repository in advance. In order to avoid invalid XML documents from being
stored in a column, a constraint "IS VALIDATED" can be created. Any attempt to put invalid
data in the column will result in a constraint violation error.

In the provided database script, there is no validation. The XML data type does on the other
hand always check that the input is well-formed.

4 Examples

In this chapter we will go through some examples of SQL/XML in DB2 and some examples
that use DB2 specific XML features. All the examples in this chapter assume that the
database has been created and that the Script tab used in the Data Studio is connected to it.

4.1 XMLELEMENT, XMLFOREST, XMLATTRIBUTES

Let's start off with a few simple queries using some basic SQL/XML publishing functions. We
want to create an XML document for each author. The root element shall be "Author", the
name shall be an attribute and the author info (which is already an XML document) shall be
the content. The following SQL statement does that.

SELECT XMLELEMENT(NAME "Author", XMLATTRIBUTES(name AS "Namn"), info)
FROM author
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Here is a portion of the result (2 rows):

<Author Namn="John Craft">
<Info>
<Email>jc@jc.com</Email>
<Country>England</Country>
<YearOfBirth>1948</YearOfBirth>
</Info>
</Author>
<Author Namn="Arnie Bastoft">
<Info>
<Email>bastoft@frei.at</Email>
<Country>Austria</Country>
<YearOfBirth>1971</YearOfBirth>
</Info>
</Author>

In the Data Studio the result may look like this:

 Database Administration - sqbeditor_propect/Scriptisql - I0M Data Studic S =lE.{}
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New = 1 Py T g
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- ) oot SELECT XMLELEMENT (MAME "huthor®, XMLATTRIBUTES (name AS "Hamn®), info) a
=@ o0 FROM author
& §4 bookdh A2 for Linux, L ,_[:I
= Woring Sets ,LI 3
= — = = = o
[ Propertes T Sy o
Type query espression here i =
Stats | Eperaton | pae | comecton... |
" Succeec CREATE DATABASE bockeb®... 7/11/12 %:2.. Notapphcable Crafr"»<Infor<Emailyiclic.o /Email »<Country>Eagland</Country><YearOfBicth>1 HE</ YearOfBic
% o Succest Soptilsg FAYIZ 53, boskd * BAstofE " <InforcEnall bastoftifrel  Atd/Enall > <Count ey ALAtriad/Country < YearOfBLreh>1971</
 Sutceec SELECT DMELEMENTOUME *... 711251, boskdh Gilmand®><Infor<Emailo>megilfarches. orge/Emailsed 1ime/CountryserearOfBirtnalsete_|
Lyan™ e 1 ege/Emall /Councey>cfeard: >15944</YeasC
LEETaCInCeseEmal i agint e, adu Era il <o YearGEBirehy
LT lrmar e U LY thr1970</YearOfla
<Author Namm="Celine 1rceline.bi <Councry>Canada</Country><YearOfBizch>1s
<Author M “arl Sagan®™: 1ye 3 tEy>CYearOfBisth>1913<¢/ Yoo
<huthor Hamn=“"Leslie Drenneri<. Arxlesliedyan thr1945</Ye
| | "
—_— e Vi R ] BT Vi R
. Gt Project Explerer =) | o
I Dinglryed 3 of 3 resudta: 3 sucoreded, O fnle, © bosminatod, 8 morrieg, 0 crical ervor |

Or like this (dependent on the setting of the SQL Results tab):
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If the result is shown in a grid, then we can double-click on a single cell or click on the ellipsis
on a cell to see the content in a different way:

14




Introduction to DB2 and XML version 1.1 July 2012 nikos dimitrakas
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If we would like to create an XML document for each publisher, it may be better to use
XMLFOREST since the table publisher has many columns that we may want to have as
elements. Let's assume that for each publisher, we want to have a root element "Publisher’
and that all the columns should get their own elements. The following statement does that.

SELECT XMLELEMENT(NAME "Publisher", XMLFOREST(name AS "Name", street AS "Street",
city AS "City", postalcode AS "PostalCode", country AS "Country"))
FROM publisher

For each row in the table publisher, we get an XML document like this:

<Publisher>
<Name>ABC International</Name><Street>7th Bear St.</Street><City>Berlin</City>
<PostalCode>44500</PostalCode><Country>Germany</Country>

</Publisher>

One thing that is important when working with XML is the case of the element names and
attribute names. In the above examples, we used the double quotes in order to enforce the
desired case. DB2's default is to capitalize column names when generating XML. So the
following statement would capitalize everything except for "City":

SELECT XMLELEMENT(NAME Publisher, XMLFOREST(name, street AS StrEEt, city AS "City"))
FROM publisher

The result looks like this:

<PUBLISHER>
<NAME>ABC International</NAME><STREET>7th Bear St.</STREET><City>Berlin</City>
</PUBLISHER>

4.2 XMLAGG

XMLAGG is an aggregate function and as such, it complies with the rules of aggregate
functions. If it is used without a GROUP BY clause, then all the rows will become one group.
It can, of course, be mixed with non-aggregated columns in the SELECT clause, but then all
non-aggregated columns must also appear in the GROUP BY clause.

15



Introduction to DB2 and XML version 1.1 July 2012 nikos dimitrakas

If we want to expand on the example from the previous section and put all the authors in
one XML document, we need to use XMLAGG. Any column that appears inside the XMLAGG
function is considered to be aggregated. The following statement creates a root element
"Authors" and aggregates all the Author elements into it.

SELECT XMLELEMENT(NAME "Authors",

XMLAGG(XMLELEMENT(NAME "Author",
XMLATTRIBUTES(name AS "Name"),
info)))

FROM author

The result looks like this:

<Authors>
<Author Name="John Craft"><Info><Email>jc@jc.com</Email>
<Country>England</Country><YearOfBirth>1948</YearOfBirth></Info></Author>
<Author Name="Arnie Bastoft"><Info><Email>bastoft@frei.at</Email>
<Country>Austria</Country><YearOfBirth>1971</YearOfBirth></Info></Author>
<Author Name="Meg Gilmand"><Info><Email>megil@archeo.org</Email>
<Country>Australia</Country><YearOfBirth>1968</YearOfBirth></Info></Author>

</Authors>

XMLAGG in combination with GROUP BY is relevant when we need some nesting. Perhaps
we want to group the publishers per country. The result shall be one Country element per
country containing one or more Publisher elements. If we want to also have a root element,
a second XMLAGG is required.

SELECT XMLELEMENT(NAME "PublishersByCountry", XMLAGG(countryxml))
FROM (SELECT XMLELEMENT(NAME "Country",
XMLATTRIBUTES(country AS "Name"),
XMLAGG(XMLELEMENT(NAME "Publisher",
XMLATTRIBUTES(name AS "Name", city AS "City")))) AS countryxml
FROM publisher
GROUP BY country) innertable

The nested statement produces one Country element for each country. The result is a table
with as many rows as there were countries (groups). The outer statement aggregates these
Country elements and makes them the content of the element PublishersByCountry. In the
nested statement the column country is the only one appearing in the SELECT clause outside
the aggregate function, and is thus the only column appearing in the GROUP BY clause. The
result of the nested statement is a table with the alias innertable and it has a column named
countryxml. The result of the entire statement has the following structure:

<PublishersByCountry>

<Country Name="England">
<Publisher Name="Benton Inc" City="London"/>
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</Country>

<Country Name="Sweden">
<Publisher Name="Bé&sta Bok" City="Stockholm"/>
<Publisher Name="KLC" City="Uppsala"/>
<Publisher Name="SCB" City="Stockholm"/>

</Country>

</PublishersByCountry>

4.3 XMLQUERY

The XMLQUERY function can be used when we want to execute XQuery within an SQL
statement. The XMLQUERY function can also accept parameters that map values of the SQL
scope to variables in the XQuery scope. We may want to retrieve the name and country of
each author:

SELECT name, XMLQUERY('Si//Country/text()' PASSING info AS "i")
FROM Author

In this case the XQuery expression was quite a simple one, but it can also be complicated.
The PASSING keyword allows us to map the current value of the column info as an XQuery
variable (in this case "i" which is then referred to as "Si"). The result has two columns:

John Craft England
Arnie Bastoft Austria
Meg Gilmand  Australia
Chris Ryan France
Marty Faust USA

The result of the XMLQUERY function is actually of the XML data type, but DB2 will serialize
it automatically when showing the result. Here is another example that illustrates that the
XMLQUERY function returns XML:

SELECT name,
XMLQUERY('Sx/text()' PASSING XMLQUERY('Si//Country' PASSING info AS "i") AS "x")
FROM Author

This produces the same result as the previous statement, but finds the country in two steps.

XMLQUERY can also be used to create XML from a string. So XMLQUERY('<X>123</X>") will
return an XML value. This is because the string '<X>123</X>' is a valid XQuery statement.

4.4 XMLTABLE

When dealing with repeating elements in an XML document, we may want to break it down
into smaller XML-documents or even values. The XMLTABLE function can be used in the
FROM clause of a SELECT statement and it transforms the result of an XQuery statement into
a table. We may want to get one row per translation of each edition. The column
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translations in the table edition contains multiple Translation elements. So the following
statement splits them up and presents them one by one.

SELECT id, book, tt.*
FROM Edition, XMLTABLE('St//Translation' PASSING translations AS "t") AS tt

The result should look like this:

<Translation Language="German" Publisher="Kingsly" Price="130"/>
<Translation Language="French" Publisher="Addison" Price="135"/>
<Translation Language="Russian" Publisher="Addison" Price="125"/>
<Translation Language="Swedish" Price="340"/>

<Translation Language="French" Price="320"/>

NN R R R
NN R R R

The keyword COLUMNS can break this down further:

SELECT id, book, tt.language, tt.price, tt.publisher
FROM Edition, XMLTABLE('St//Translation'
PASSING translations AS "t"
COLUMNS Language VARCHAR(15) PATH '@Language’,
Price INTEGER PATH '@Price’,
Publisher VARCHAR(30) PATH '@Publisher') AS tt

The translations XML is now fully shredded:
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4.5 XMLEXISTS

XMLEXISTS is a function that can be used to express conditions based on the existence of a
particular XML node. We could for example find any books that have been translated to
German (i.e. they have an edition with a translation whose language is German):

SELECT title
FROM Book
WHERE id IN (SELECT book
FROM edition
WHERE XMLEXISTS('St//Translation[@Language="German"]'
PASSING translations AS "t"))

The nested statement does the work of finding the correct books, while the outer statement
retrieves the titles. As you can see, the result of the function is a boolean value, so it can be
used as a condition. The result looks like this:

Misty Nights

Contact

Music Now and Before
Musical Instruments
Oceans on Earth

Le chateau de mon pere

4.6 XMLROW

XMLROW is a DB2 specific function that creates one XML element per row in the result of a
SELECT statement. The same result can of course be achieved by SQL/XML publishing
functions. Here are some examples with XMLROW.

If we want an XML document per publisher we could use the following:

SELECT XMLROW/(name, street, city)
FROM publisher

The default result is always one "row" root element and one element per column:

<row><NAME>ABC International</NAME><STREET>7th Bear St.</STREET><CITY>Berlin</CITY></row>
<row><NAME>Addison</NAME><STREET>2nd Monet St.</STREET><CITY>Toulouse</CITY></row>
<row><NAME>Aurora Publ.</NAME><STREET>3rd Uffizi Rd.</STREET><CITY>Florence</CITY></row>

XMLROW allows for some configuration. We can for example rename the root element or
ask for attributes instead of elements for all the columns and even define the
attribute/element names:

SELECT XMLROW/(name AS "Name", street AS "Street", city AS "Town"

OPTION ROW "Publisher" AS ATTRIBUTES)
FROM publisher
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This will still give one row per publisher in the result, but each row is an element according
to our design:

<Publisher Name="ABC International" Street="7th Bear St." Town="Berlin"/>
<Publisher Name="Addison" Street="2nd Monet St." Town="Toulouse"/>

We can of course combine this function with XMLAGG and XMLELEMENT in order to create a
root element Publishers.

SELECT XMLELEMENT(NAME "Publishers",
XMLAGG(XMLROW(name AS "Name", street AS "Street", city AS "Town"
OPTION ROW "Publisher" AS ATTRIBUTES)))
FROM publisher

This will result in one XML document, instead of one per row:

<Publishers>
<Publisher Name="ABC International" Street="7th Bear St." Town="Berlin"/>
<Publisher Name="Addison" Street="2nd Monet St." Town="Toulouse"/>

</Publishers>

4.7 XMLGROUP

XMLGROUP is another DB2 specific function. It is an aggregate function and creates an XML
document as the result of a SELECT statement (or one per group if there is a GROUP BY
clause). The default result is one "root" element per group with one "row" element per row
and one subelement per column. We can configure the output in the same manner as we did
with XMLROW and even rename the root element. Here is the same example as before, but
with XMLGROUP instead:

SELECT XMLGROUP(name AS "Name", street AS "Street", city AS "Town"
OPTION ROOT "Publishers" ROW "Publisher" AS ATTRIBUTES)
FROM publisher
And the result is identical to that of previous example:
<Publishers>
<Publisher Name="ABC International" Street="7th Bear St." Town="Berlin"/>
<Publisher Name="Addison" Street="2nd Monet St." Town="Toulouse"/>

<Publisher Name="Aurora Publ." Street="3rd Uffizi Rd." Town="Florence"/>

</Publishers>
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4.8 DML for XML

In order to manipulate XML in DB2 we need to use the transform statement (specified in the
XQuery Update Facility specification). The syntax is a little different from what the
specification describes, but this is probably due to the specification being finalized only a few
months ago. The transform statement makes a copy of an XML value, modifies it and returns
it. Technically, we could return something other than the modified copy, but that is hardly
the intended usage of the transform statement. The transform statement, being an XQuery
statement, must be used inside the function XMLQUERY. The PASSING keyword can be used
to pass an XML value from the SQL context to the XQuery context. The result of the
transform statement becomes the result of the function. The passed XML value itself is not
affected, which means that we need to use an SQL UPDATE in order to store the modified
value inside the table. So if we would like to change the information of an author, we would
use the following statement:

UPDATE author
SET info = XMLQUERY('transform-statement' PASSING info)
WHERE ...

The transform statement has three clauses and they are all required. A transform statement
has the following structure:

(transform) optional keyword
copy variable assignment
modify modify-expression
return return-expression

The variable assignment will most probably be used to create a copy of the passed value,
thus creating a copy to modify. The variable containing the copy will probably be the return-
expression. The modify-expression is where we can add, remove and alter the content of
your variable. The modify-expression can be any of the following expressions: do delete, do
insert, do rename, or do replace. The modification specified in such an expression will be
applied as many times as necessary. So if there are five nodes matching, then the specified
modification will be performed five times, once for each matching node. In the following
sections we will look at some examples that use the different modify expressions.

4.8.1 insert

When using a transform statement to add nodes to an XML value, you need to use a "do
insert" expression. The placement of the new node will be relevant to an XPath expression
and dependent on the specified position keyword (before, after, as last, as first). We could,
for example, add a Website element to the info of the author Carl Sagan (this would actually
violate the XML Schema, but let's ignore that for the sake of this example). The following
statement finds Carl Sagan's row in the table author and updates the info column with the
result of the XMLQUERY function. The XMLQUERY function takes the current value of the
column info and adds a new element as the last child element of the root element.
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UPDATE author
SET info = XMLQUERY('transform
copy Sres := Si
modify do insert element Website {"www.carlsagan.com"} as last into Sres/Info
return Sres'
PASSING info AS "i")
WHERE name = 'Carl Sagan'

4.8.2 delete

If we want to remove a node, then we use the "do delete" expression in the modify clause.
We can for example remove the Email element in the info XML of Carl Sagan:

UPDATE author
SET info = XMLQUERY('transform
copy Sres := Si
modify do delete Sres/Info/Email
return Sres'
PASSING info AS "i")
WHERE name = 'Carl Sagan'

If the XPath expression specified after "do delete" matches several nodes, then all of them
will be removed.

You can undo the change caused by the previous statement with the following statement:

UPDATE author
SET info = XMLQUERY('transform
copy Sres := Si
modify do insert element Email {"carlsagan@nasa.gov"} as first into Sres/Info
return Sres'
PASSING info AS "i")
WHERE name = 'Carl Sagan'

4.8.3 rename

It is also possible to rename a node without having to remove it and create a new one. The
node's location and value will be unchanged. We could, for example, change the name of the
element Country to BirthCountry for all the authors (once again, this would violate the XML
Schema).

UPDATE author
SET info = XMLQUERY('transform
copy Sres := Si
modify do rename Sres/Info/Country as "BirthCountry"
return Sres'
PASSING info AS "i")
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The XPath expression specified after "do rename" must match exactly one node. In this case
it does, but what if we wanted to change all the Translation elements to Version elements in
the XML values stored in the column edition.translations? According to the XML Schema
there can be zero to many Translation elements in each Translations element. And that
would cause an error. Fortunately, FLWOR expressions can be nested in the modify clause.
We can instruct the modify clause to loop through all the Translation elements and do the
rename once for each matching element:

UPDATE edition
SET translations = XMLQUERY('transform
copy Sres := Strans
modify for St in Sres//Translation
return do rename St as "Version"
return Sres'
PASSING translations AS "trans")

You can undo the changes caused by the previous statements with these ones:

UPDATE author
SET info = XMLQUERY('transform
copy Sres := Si
modify do rename Sres/Info/BirthCountry as "Country"
return Sres'
PASSING info AS "i")

UPDATE edition
SET translations = XMLQUERY('transform
copy Sres := Strans
modify for St in Sres//Version
return do rename St as "Translation"
return Sres'
PASSING translations AS "trans")

4.8.4 replace

It is also possible to replace a node with another node or sequence of nodes. A "do replace"
expression identifies one node with an XPath expression and then replaces it with a node or
a sequence of nodes. We can for example replace the Email element of Carl Sagan with a
Skype element:

UPDATE author
SET info = XMLQUERY('transform
copy Sres := Sinfo
modify do replace Sres//Email with element Skype {"carl.sagan.author"}
return Sres'
PASSING info AS "info")
WHERE name = 'Carl Sagan'
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A replace expression can also be used to replace the value of a node and not the node itself.
The keywords "value of" should be used in such case. We could for example change Carl
Sagan's year of birth (which is the content of the element YearOfBirth) to 1914.

UPDATE author
SET info = XMLQUERY('transform
copy Sres := Si

modify do replace value of Sres/Info/YearOfBirth with 1914
return Sres'
PASSING info AS "i")
WHERE name = 'Carl Sagan'

If you want to restore Carl Sagan's info to the original value, just use the following
statement:

UPDATE author

SET info = '<Info><Email>carlsagan@nasa.gov</Email><Country>USA</Country>
<YearOfBirth>1913</YearOfBirth></Info>'

WHERE name = 'Carl Sagan'

4.9 XSLTRANSFORM

The function XSLTRANSFORM can be used to transform XML values based on an XSLT. The
function requires the XML value to be transformed and the XSLT to be specified as
parameters. We could, for example, apply the following XSLT to the info XML of the authors.

<xsl:transform xmins:xsl="http://www.w3.0rg/1999/XSL/Transform" version="1.0">
<xsl:output method="xml"/>
<xsl:template match="/">
<xsl:element name="Details">
<xsl:attribute name="Mailaddress"><xsl:value-of select="//Email"/></xsl:attribute>
<xsl:attribute name="Country"><xsl:value-of select="//Country"/></xsl:attribute>
<xsl:attribute name="Birthyear"><xsl:value-of select="//YearOfBirth"/></xsl:attribute>
</xsl:element>
</xsl:template>
</xsl:transform>

This XSLT restructures the information in the info XML and returns a Details element with
three attributes.

We could ask for the info XML of Carl Sagan, transformed according to the XSLT, with the
following statement:
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SELECT XSLTRANSFORM(info USING
'<xsl:transform xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform" version="1.0">
<xsl:output method="xml"/>
<xsl:template match="/">
<xsl:element name="Details">
<xsl:attribute name="Mailaddress"><xsl:value-of select="//Email"/></xsl:attribute>
<xsl:attribute name="Country"><xsl:value-of select="//Country"/></xsl:attribute>
<xsl:attribute name="Birthyear"><xsl:value-of select="//YearOfBirth"/></xsl:attribute>
</xsl:element>
</xsl:template>
</xsl:transform>')
FROM author
WHERE name = 'Carl Sagan'

The result is the following XML value:

<?xml version="1.0" encoding="UTF-8"?>
<Details Mailaddress="carlsagan@nasa.gov" Country="USA" Birthyear="1913"/>

The function adds an xml declaration by default. It is also possible to pass parameters, which
can be retrieved in the XSLT with xsl:param.

Of course the XSLT doesn't have to be provided in this way. We could, for example, create a
table and store all of our XSLTs in it and then retrieve the one to use.

4.10 Native XQuery

In DB2 it is also possible to use XQuery independently of SQL. This is simply done by using
the keyword XQUERY. We could, for example, execute the following:

XQUERY

for Sx in (1 to 5)

let Sr := attribute Number {Sx}
return element Result {Sr}

This would produce the following result (five rows):

<Result Number="1"/>
<Result Number="2"/>
<Result Number="3"/>
<Result Number="4"/>
<Result Number="5"/>

Of course, we may want to access our relational data in the XQuery statement. For that

purpose, DB2 adds two XQuery functions. These functions retrieve relational data and
expose them to the XQuery context.
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4.10.1 Function db2-fn:sqlquery

If we want to access some relational data and use them in an XQuery statement, we can use
the DB2 specific function db2-fn:sqlquery. This function takes a SELECT statement as its
parameter and returns the result as a sequence. The SELECT statement must have exactly
one column in its result and that column must be XML. We could retrieve the info XML of
the authors in order to find all the countries of authors:

XQUERY
for Sx in distinct-values(db2-fn:sqlquery("SELECT info FROM author")//Country)
return element Country {Sx}

The result is one Country element for each unique country name:

<Country>England</Country>
<Country>Austria</Country>
<Country>Australia</Country>
<Country>France</Country>

We could, of course, have a much more complicated SELECT statement as parameter,
perhaps generating the XML result with SQL/XML publishing functions. How about this:

XQUERY
for Sc in db2-fn:sqlquery('SELECT XMLELEMENT(NAME "Country",
XMLATTRIBUTES(country AS "Name"),
XMLAGG(XMLFOREST(city AS "City")))
FROM publisher
GROUP BY country')
order by count(Sc/City) descending
return element Country {Sc/@Name, attribute Cities {count(Sc/City)}}

This produces the following result:

<Country Name="Sweden" Cities="3"/>
<Country Name="Austria" Cities="1"/>
<Country Name="Turkey" Cities="1"/>
<Country Name="Scotland" Cities="1"/>

Another interesting feature of the function db2-fn:sqlquery is its support for parameters.
The following statement groups the books based on the number of editions they have. In
XQuery we loop through the sequence 0 to 10 and for each iteration we parameterize the
SELECT statement with the current Snum. The SELECT statement creates a sequence of Book
elements with the books that have the correct number of editions. We eliminate numbers
that have no books and return an element Books for each number with at least one book.
We also place the Books elements inside a Root element:
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XQUERY
element Root {
for Snum in (0 to 10)
let Sbooks := db2-fn:sqlquery('SELECT XMLFOREST(title AS "Book")
FROM book
WHERE (SELECT COUNT(*)
FROM edition
WHERE book = book.id) = parameter(1)',
Snum)
where not(empty(Sbooks))
return element Books {attribute NumberOfEditions {Snum}, Sbooks}

}

The result has the following structure:

<Root>
<Books NumberOfEditions="1">
<Book>Misty Nights</Book>
<Book>Contact</Book>

</Books>

<Books NumberOfEditions="2">
<Book>Database Systems in Practice</Book>
<Book>Varen vid sjon</Book>

</Books>

<Books NumberOfEditions="3">
<Book>Archeology in Egypt</Book>

</Books>

</Root>

4.10.2 Function db2-fn:xmlcolumn

The other DB2 specific XQuery function is called db2-fn:xmlcolumn. This function takes the
qualified name of an XML column as an argument and returns the values in that column as a
sequence. So we could use the following statement in order to get all the countries where
there are authors.

XQUERY
for Sa in distinct-values(db2-fn:xmlcolumn('AUTHOR.INFQO')//Country)

return Sa

The column name must be defined in the correct case. The default is upper case.
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5 Epilogue

DB2 has been moving closer to the SQL standard with each new version. Many of the XML
specific DB2 extensions have been abandoned and standard constructs have been integrated
in the DB2 core engine. DB2 is not yet up to speed with the XML functionality described in
the SQL standard. On the other hand, DB2 has addressed areas with its extensions that have
yet to be covered in the SQL standard and/or in the XQuery standard. Many of the DB2
specific features described here will probably be replaced in the years to come. DB2 is the
only major DBMS that supports the XQuery Update Facility. In the examples in the previous
chapter we looked at some of the features that are available in DB2 10. There are many
more details, but it has not been the goal of this introduction to cover everything.

| hope you have found this introduction educational and fun. Do not hesitate to send
comments and suggestions that may help improve the next version of the compendium!

The Author
o dimitral
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