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Terminology

� Database
organized collection of data

collection of records stored in a systematic way

� Database Management System (DBMS)
used to manage a database

to optimize the storage and performance of a database

controls high volume access to the database

� Schema
structural description of the database objects

� SQL
control/query language for a relational DBMS

DML, DDL, DCL
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Database requirements

� ACID

– Atomicity
Guarantee that either all tasks of a transaction are performed or none

– Consistency
Data is in a legal state when transactions begin or end, integrity is always ensured

– Isolation
transactions appear isolated from other operations. Noone can look into the ongoings of a TA

– Durability
Once a transaction ends, the data is persistent and will survive a system failure.

� Storage for important data

� Huge amount of data
� Backup, recovery

� Auditing

� High volume queries
� Multiple users
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Referential integrity & joins

CREATE TABLE DEPTARTMENT                                      
(DEPTNO              CHAR(3) FOR SBCS DATA NOT NULL ,           
DEPTNAME         VARCHAR(36) FOR SBCS DATA NOT NULL ,       
MGRNO                CHAR(6) FOR SBCS DATA WITH DEFAULT NULL ,  
ADMRDEPT             CHAR(3) FOR SBCS DATA NOT NULL ,           
LOCATION             CHAR(16) FOR SBCS DATA WITH DEFAULT NULL , 

CONSTRAINT DEPTNO PRIMARY KEY (DEPTNO))                     

CREATE TABLE EMPLOYEE                                       
(EMPNO                CHAR(6) FOR SBCS DATA NOT NULL ,           
FIRSTNME             VARCHAR(12) FOR SBCS DATA NOT NULL ,       
MIDINIT              CHAR(1) FOR SBCS DATA NOT NULL ,           
LASTNAME             VARCHAR(15) FOR SBCS DATA NOT NULL ,       
WORKDEPT             CHAR(3) FOR SBCS DATA WITH DEFAULT NULL ,  
PHONENO              CHAR(4) FOR SBCS DATA WITH DEFAULT NULL ,  
HIREDATE             DATE WITH DEFAULT NULL ,                   
JOB                  CHAR(8) FOR SBCS DATA WITH DEFAULT NULL ,  
EDLEVEL              SMALLINT NOT NULL ,                        
SEX                  CHAR(1) FOR SBCS DATA WITH DEFAULT NULL ,  
BIRTHDATE            DATE WITH DEFAULT NULL ,                   
SALARY               DECIMAL(9, 2) WITH DEFAULT NULL ,          
BONUS               DECIMAL(9, 2) WITH DEFAULT NULL ,          
COMM                 DECIMAL(9, 2) WITH DEFAULT NULL ,          

CONSTRAINT EMP_PK PRIMARY KEY (EMPNO),
CONSTRAINT EMP_REF FOREIGN KEY (WORKDEPT) REFERENCES DEPARTMENT (DEPTNO))
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select e.firstname, e.lastname

from employee e, department d

where e.workdept = d.deptno

and d.admrdept= ‘ D01‘

EMPLOYEE

DEPARTMENT
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eWEEK (www.eweek.com) 31-Oct-2003:

I make fun of a lot of other databases - all 

other databases, in fact, except the 

mainframe version of DB2. It's a first-rate 

piece of technology.

Larry Ellison, Oracle's Founder and CEO

Guess Who Said This ?
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IBM‘s database history

� <1970 IMS

� 1970 Codd, theory of relational databases, SQL
� 1983 DB2 MVS Version 1

� 1987 DB2 OS/2 („DB2/2“)

� 1988 DB2 AS/400

� 90s DB2 LUW, Everyplace

� today DB2 for z/OS Version 9

DB2Express-C
XML
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Warum setzen Kunden Datenbanken auf System z ein?

� Continuous Availability
– 7 x 24

– Reduces outages

� High Performance and Scalability
– Scalable

– Growth

– Single and multi-system

– Huge amount of databases

– Huge amount of users

� Wide Range of Workloads
– OLTP and Batch

– Web Workload with peaks

– ERP/CRM Solutions (SAP...)

– BI & Warehousing

– ODS and mixed workloads

– ...

� Database Technology Leadership
– Cost-based Optimizer, Query-Rewrite

– Parallelism

– Web-enablement, XML

� Highly automated database environment
– Complete utilities and tools portfolio

– Offerings

– z/OS Systemmanagement

� Platform compatibility

� Accounting

� Support for Open Standards
– SQL/ANSI, ODBC, JDBC/SQLJ

– ...,
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Time1990 1995 2000 2005

Version

2.3

4.1

6.1

8.1

9.1

Remote

Data 

Sharing

LOB 

Trigger 

UDF

Unicode 

64-bit

XML

z/OS

SQL

2007

DB2 z/OS family history
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� 14th release
– DB2 for z/OS Version 9

– pureXML

� 10000+ licenses (mostly FSS)

� Typical DB2 for z/OS customer
– Team of 2-10

– DASD 200TB

– 10-20 Mio Online Transactions per day

– 20 DB2 Systems

– Availability: 99,9%

– Response Time < 1s: 99,9%

– CPU Utilization > 90%

– Threads per day: 3.5 Mio

– SQLs per day: 3.900 Mio

DB2 Silver Anniversary - 25 years of Innovation
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� Up to 2x performance increase 
in CPU intensive tasks because 
of new 4.4 GHz chips

� Up to 64 processor and up to 1,5 
Terabyte real memory per server

� Further extended exploitation of 
zIIP & zAAP specialty engines

� Less (planned) outages and 
more flexibility (e.g. On/Off CoD)
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XML parsing 
performance

Cost-efficient 
processing of 
DB2 workloads

Higher DB2 
availability

DB2 for z/OS Version 9 and System z10
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DB2 for z/OS Architecture
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Architecture comparison DB2 LUW vs. DB2 z/OS

DB2 LUW DB2 for z/OS
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DB2 components in the Job Entry Subsystem (JES)
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DB2 for z/OS Data Sharing

� Leveraging the Coupling Facility technology and Parallel Sysplex 
concept (basicly a cluster of mainframes that act together)

� z/OS Workload Manager allows for highly efficient workload balancing
� Applications connect to the Data Sharing Group

� Significantly increases database performance & availability

� Allows for rolling/non-disruptive migrations and upgrades

DB2A DB2B DB2C



IBM Software Group Information Management

DB2 for z/OS © 2006 IBM Corporation

Detailed architecture

IRLM Buffer Pools

DB2A

Coupling Facilities

LOCK1
…

Group Buffer Pools

112
2345678

9
1011

Sysplex timers

112
23456789

1011

DB2A Log

IRLM Buffer Pools

DB2B

IRLM Buffer Pools

DB2n

...

Shared 
DASD

DB2B Log DB2n Log... DB2 Cat/Dir DB2 DBs
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DB2 Utilities

� Useful service routines that help maintaining and managing DB2 for z/OS
� Are run either as batch jobs or as DB2 stored procedures

� LOAD/UNLOAD (Store data into or extract data from DB2 via batch)

� RUNSTATS (Generate statistical information about tables and indexes)
� REORG (Reorganize the physical allocation of data)

� COPY/RECOVER (Generate/recover to backup copies of table spaces)

� BACKUP/RESTORE SYSTEM (Backup/restore the whole DB2 subsystem)

...
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Application development in COBOL with CICS
…

SEARCH-BOOK-CATALOG.
*    DECLARE A CURSOR TO RETURN THE MATCHING ROWS
*                                                         

EXEC CICS ASKTIME END-EXEC  

EXEC SQL DECLARE BOOKSEARCH CURSOR FOR               
SELECT ALNAME,TITLE,PRICE,INSTOCK   
FROM ATCI170.MASTER_WB_DB_BOOK      
WHERE ALNAME = :SEARCH-AUTHOR OR            

TITLE = :SEARCH-TITLE                
ORDER BY TITLE                      
END-EXEC

*                                                         
EXEC SQL OPEN BOOKSEARCH                                     

END-EXEC
*   

…

*                                                         
EXEC SQL FETCH BOOKSEARCH INTO :AUTHOR-LAST-NAME,            

:TITLE-OF-BOOK,               
:PRICE,               
:INSTOCK              
END-EXEC                      

…
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DB2 Precompiler
DSNHPC | DB2I panels

-check table und column   
Referenzen gegen SQL 
DECLARE Table stmnts.

-produziert DBRM

Source Pgm DBRM
database Request Modul

Info über jedes SQL stmnt. im Pgm

geändertes Source 
Pgm

+ DSNCLI calls
CICS Translator

-xlate EXEC CICS stmnts.
geändertes Source 

Pgm
+ DFHELI calls (Exec Intfc) Language Compiler

-Cobol, PL/I, ASM, C, C++

Object deck
Linkage Editor

-include SYSLIB DFHELI
-include SYSLIB DSNCLI

CICS DB2 Load 
Modul

-ausführbares Pgm

DB2 Bind
-connect zu DB2
-produziert Appl. Plan gemäß

Bind Options
-update DB2 Catalog

DB2A aktiv
-DB2 Subsys muß

verfügbar sein für Bind
Appl. Plan

-ausführbares SQL

1

2

3

4

5

Bind Options für CICS
RETAIN bind und exec Grants
ISOlation CS, möglichst nicht RR
VALIDATE(bind) plan validation time, 

nicht RUNtime verwenden wenn mögl
ACQUIRE lock bei Allocate | USE

abh. Von Trx. Rate, Thread Typ
RELEASE lock bei Dealloc | Commit

Neue Enterprise 
Compiler Cobol + PLI 
erledigen Step 1 – 3 in 

1 Step!

Preparing a CICS DB2 program
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App Server

DB2

CICS
MQ

Cobol
PL/1

D

D

F

DB2 Connect

Java
Application

Java
Application

Browser

Browser

App Server

Java
Application

WebService

WS consumer

WS consumer

Java
Application

DRDA

Type 2

Type 2

Type 4

Type 4

http

SOAP

Type 2

API

-ADO.NET
-ADO
-ODBC
-OLE DB
-ROR
-PERL
-JDBC
-SQLJ
-DB2 CLI
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DB2 Universal Driver

� One driver for DB2 family

� Also known as Java Common Client,

Combined Client, JCC driver

� Support for JDBC 3.0 and SQLJ 3.0

� Type 2 and Type 4 drivers
– Type4 URL: jdbc:db2://SERVER:PORT/DATABASE

– Type2 URL: jdbc:db2:DATABASE

� Improved deployment and ease of use

� Integration with WebSphere
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Dynamic SQL vs. Static SQL

� SQLJ 

– More concise syntax

– Easier to code/understand

– Better security/authorization characteristics

– Better performance

– Accounting

� JDBC

– Widely known, integrated in IDEs

– Most Tooling uses JDBC

– Less application development

� Integrated development environment for both SQLJ and JDBC

– Significant improvements with IBM Data Studio and pureQuery
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JDBC - correct usage

DB2Connection conn = null;

PreparedStatement stmt = null;

ResultSet rs = null;

...

// Prepare the SELECT statement.

stmt = conn.prepareStatement("SELECT LASTNAME, FIRSTNME, SALARY"

+ " FROM SYSADM2.EMPLOYEE" + " WHERE SALARY BETWEEN ? AND ?");

// Set parameters for the SELECT statement.

stmt.setBigDecimal(1, new BigDecimal(30000));

stmt.setBigDecimal(2, new BigDecimal(50000));

// Execute the query to retrieve a ResultSet.

rs = stmt.executeQuery();

// Iterate over the ResultSet.

while (rs.next()) {

String lastname = rs.getString(1); // LASTNAME

String firstname = rs.getString(2); // FIRSTNME

System.out.println(lastname + ", "+ firstname);

...

if (rs != null) rs.close();

if (stmt != null) stmt.close();

if (conn != null) conn.close();

...
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SQLJ – from code to package

sqlj

db2sqljcustomize

db2sqljbind

4 Isolation levels
UR,CS,RS,RR

fully integrated into IDEs like WSAD, RAD, ...



IBM Software Group Information Management

DB2 for z/OS © 2006 IBM Corporation

SQLJ sample SimpleSQLJ.sqlj

#sql iterator EmpRecs( String firstnme, String lastname);

...

DB2Connection con = null;

DefaultContext ctx = null;

int lowSalary = 30000;

int highSalary = 50000;

...

// Set the default context

ctx = new DefaultContext(con);

DefaultContext.setDefaultContext(ctx);

EmpRecs employees;

#sql [ctx] employees = { SELECT firstnme, lastname, salary 

FROM EMPLOYEE WHERE salary BETWEEN :lowSalary and :highSalary};

// Go through ResultSet

while (employees.next()) {

System.out.println(employees.firstnme() + " "

+ employees.lastname() + " " +employees.salary());}

...

ctx.close();

con.close();
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Stored Procedures

� DB program physically stored in the DBMS
� Contain a business logic

� Avoids network traffic

� Used for performance improvements

� Simplifies application development

select...

select...

select...

calculate...

update...

update...

MYPROC
select...

select...

select...

calculate...

update...

update...

Call MYPROC

DB2
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Types of Stored Procedures

� Cobol, PL/I

� SQL
� Java (JDBC / SQLJ)

public static void getuuid ( String[] uuid ) throws SQLException, Exception {

// Set return parameter

uuid[0] = UUID.randomUUID().toString();

}

public static String newUUID (  ) {

com.ibm.db2.jcc.DB2Version.getVersion();

return UUID.randomUUID().toString();

}

CREATE PROCEDURE "USER"."GETUUID" (OUT UUID VARCHAR(40))

EXTERNAL NAME '"USER"."GETUUID":user.Getuuid.getuuid'

LANGUAGE JAVA

MODIFIES SQL DATA

PARAMETER STYLE JAVA

FENCED

WLM ENVIRONMENT DSN7JSPC

GRANT EXECUTE ON PROCEDURE "USER"."GETUUID" TO "USER" WITH 

GRANT OPTION
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DB2 Administration

� DB2 Interactive

– SPUFI (SQL processing using file input)

– Program preparation

– Bind

– DB2 Commands

– Utilities (LOAD, REORG, RECOVER, RUNSTATS...)

� DB2 Administration Tool

– Browse DB2 System Catalog

– Explain

– DDL creation, GEN, Authorizations

– Utility Generation

� Batch administration

� ISV Tools
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and 
more…

abc…DB2

IBM 
Content
Manager xyz…xyz…

Heterogeneous Applications & Information

Insight

Information as a Service
Optimize, Virtualize, Integrate, Accelerate

Data & 
Content

Business
Context

Insightful
Relationships

Master Data, Entity 

Analytics, Decision 

Portals, Executive 

Dashboards,

Industry Data Models

Extracted or Real-time

Standards-based

e.g., XQuery, JSR170, 

JDBC, Web Services...

Information as a Service
Moving From a Project-Based to a Flexible Architecture (SOA)

Processes PeopleTools & Applications
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WebServices decouple interfaces from applications

Turn this … …into this (web services).
Application Application Application Application

ApplicationApplicationApplicationApplication

� Business applications 
and their interfaces 
become reusable

� Decouples the 
interfaces from the 
business 
applications

� The number and 
complexity of the 
interfaces is reduced

� Rich business 
abstractions describe 
the application 
interface

But separate connection points still leaving bloated interfaces ….

Service Service Service Service

Service ServiceService Service

Interface Interface Interface

Interface Interface Interface Interface

= interface
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The ESBus shrinks those interfaces further

� Allows for dynamic 
selection, substitution, 
and matching

� Enables you to find both 
the applications and the 
interfaces for re-use

� Decouples the point-to-
point connections from 
the interfaces

Turn this (web services)…

� Enables more flexible 
coupling and decoupling 
of the applications

…into this

Service Service Service Service

Service ServiceService Service

Enterprise Service Bus

Service Service Service Service

Service ServiceService Service

Interface Interface Interface

Interface Interface Interface Interface
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Development and Deployment

DWS Tooling
Data Studio

export/import deploy

Application server

Data sources

Security

Tracing/Logging/
Monitoring

Application Server Tooling

DWS

development deployment

DWS Web Application

Certain app-server specific 
settings required
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DB2 and WebServices
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Data storage

Only main 
content

Black box
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XML advantages

No fixed amount of lines

Even storing comment lines

Optional content possible

Can keep data types
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PurchaseOrder

Client Items

Item

partid

100-100-01

name price

Snow Shovel ... 9.99

Status=...

Element 

Node

Document 

Node

Text 

Node Attribute Node

OrderDate
Ponum=...

Serialization

Parsing

...

4
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Why XML in databases?

� Easy to share XML between applications, businesses, processes, …
���� SOA

� Flexibility, Flexibility
� Easy to extend
� XML is vendor and platform independent
� XML is self-describing
� Easy to transform XML documents into other formats (HTML, etc.)

� Managing large volumes of XML data is a DB problem!

– Efficient Search & Retrieval of XML

– Persistency, Recovery, Transactions, ACID

– Performance, Scalability

– …all the same reasons as for relational data!
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Where was XML in the past?

XML
ONLY

In files…
� Storage not managed and not secure

In LOBS…
� Content and business value locked up

Shred to tables
� Complex and fragile mapping

XML DB
� Scalability & integration concerns
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XML in DB2 for z/OS

� Build-in datatype, with no design limit in size

� Allows for well-formed XML documents
– E.g. Start tag: <...> and end tag: </...>

– Parsing is done by z/OS XML parser 

� Register schemas in XML Schema Repository (XSR) and use 
DSN_XMLVALIDATE in SQL for validation of XML

� XML Value Index – user defined index for document in XML 
column, used to improve the query performance on XML document
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Native XML storage in DB2

PURCHASEORDER

PORDERDocID …

B+treeB+tree

DocID index
I_DOCIDPURCHASEORDER

B+treeB+tree

NodeID index
I_NODEIDXPURCHASEORDER

Each XMLData column is a VARBINARY, containing
a subtree or a sequence of subtrees, with context path.
Rows in XML table are freely movable, linked with a
NodeID index.

A table with an XML column has a 
DocID column, used to link from the 
base table to the XML table.
A DocID index is used for getting to 
base table rows from XML indexes.

XMLDataDOCID MIN_NODEID

XPURCHASEORDER

B+treeB+tree

XML index (user)
PO_PARTID_XMLIX
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XML Indexes



IBM Software Group Information Management

DB2 for z/OS © 2006 IBM Corporation

XPATH Axis-Navigation Direction

� ForwardAxis:

– child

– descendant

– self

– attribute

– text

� ReverseAxis: 

– parent

child

descendant

parent

self
attribute

E

EE T

E

..

.

//

/

@

descendant or self

E

text()
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XPATH Expressions
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<PurchaseOrder PoNum="11223346"

OrderDate="2007-07-18" Status="Unshipped">

...

<items>

<item>

<partid>100-103-01</partid>

<name>Snow Shovel, Super Deluxe 26 inch</name>

<quantity>4</quantity>

<price>9.99</price>

</item>

...

</PurchaseOrder>

1005..

.

11223346

<PurchaseOrder PoNum="11223345"

OrderDate="2007-07-18" Status="Unshipped">

...

<items>

<item>

<partid>100-100-01</partid>

<name>Snow Shovel, Basic 22 inch</name>

<quantity>4</quantity>

<price>9.99</price>

</item>

...

</PurchaseOrder>

1002..

.

11223345

<PurchaseOrder PoNum="11223344"

OrderDate="2007-07-18" Status="Unshipped">

...

<items>

<item>

<partid>100-100-01</partid>

<name>Snow Shovel, Basic 22 inch</name>

<quantity>4</quantity>

<price>9.99</price>

</item>

...

</PurchaseOrder>

1002..

.

11223344

PORDERCUSTID...POID 1. position to row

according to
WHERE clause

2. Evaluate

XMLQUERY

for XML document
of positioned row

Resultset:

XMLQUERY
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<PurchaseOrder PoNum="11223346"

OrderDate="2007-07-18" Status="Unshipped">

...

<items>

<item>

<partid>100-103-01</partid>

<name>Snow Shovel, Super Deluxe 26 inch</name>

<quantity>4</quantity>

<price>9.99</price>

</item>

...

</PurchaseOrder>

1005...11223346

<PurchaseOrder PoNum="11223345"

OrderDate="2007-07-18" Status="Unshipped">

...

<items>

<item>

<partid>100-100-01</partid>

<name>Snow Shovel, Basic 22 inch</name>

<quantity>4</quantity>

<price>9.99</price>

</item>

...

</PurchaseOrder>

1002...11223345

<PurchaseOrder PoNum="11223344"

OrderDate="2007-07-18" Status="Unshipped">

...

<items>

<item>

<partid>100-100-01</partid>

<name>Snow Shovel, Basic 22 inch</name>

<quantity>4</quantity>

<price>9.99</price>

</item>

...

</PurchaseOrder>

1002...11223344

PORDERCUSTID...POID

1. Evaluate all rows

according to

XMLEXISTS condition

3. Select columns to

return

Resultset:

XMLEXISTS
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<PurchaseOrder PoNum="11223346"

OrderDate="2007-07-18" Status="Unshipped">

...

<items>

<item>

<partid>100-103-01</partid>

<name>Snow Shovel, Super Deluxe 26 inch</name>

<quantity>4</quantity>

<price>9.99</price>

</item>

...

</PurchaseOrder>

1005...11223346

<PurchaseOrder PoNum="11223345"

OrderDate="2007-07-18" Status="Unshipped">

...

<items>

<item>

<partid>100-100-01</partid>

<name>Snow Shovel, Basic 22 inch</name>

<quantity>4</quantity>

<price>9.99</price>

</item>

...

</PurchaseOrder>

1002...11223345

<PurchaseOrder PoNum="11223344"

OrderDate="2007-07-18" Status="Unshipped">

...

<items>

<item>

<partid>100-100-01</partid>

<name>Snow Shovel, Basic 22 inch</name>

…

</item>

<item>

<partid>100-103-01</partid>

<name>Snow Shovel, Super Deluxe 26 inch</name>

…

</item>

...

</PurchaseOrder>

1002...11223344

PORDERCUSTID...POID

1. Evaluate all rows
according to

XMLEXISTS condition

3. Select columns to
return and evaluate

XMLQUERY function

2. select matching rows

Resultset:
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Leveraging the Power of SQL
CREATE VIEW ORDER_VIEW AS

SELECT PO.POID, X.*

FROM PurchaseOrders PO,

XMLTABLE( '//item' PASSING PO.XMLPO

COLUMNS  "orderDate" DATE PATH '../../@orderDate',

"shipTo City" VARCHAR(20) PATH '../../shipTo/city',

"shipTo State" CHAR(2) PATH '../../shipTo/state',

"Part #" CHAR(6) PATH '@partnum',

"Product Name" CHAR(20) PATH 'productName',

"Quantity" INTEGER PATH 'quantity',

"US Price" DECIMAL(9,2) PATH 'USPrice',

"Ship Date" DATE PATH 'shipDate',

"Comment" VARCHAR(60) PATH 'comment' ) AS X;

SELECT "Product Name", "shipTo State",

SUM("US Price" * "Quantity") AS TOTAL_SALE

FROM ORDER_VIEW

GROUP BY "Product Name", "shipTo State";

SELECT "shipTo City", "shipTo State",

RANK() OVER(ORDER BY SUM("Quantity")) AS SALES_RANK

FROM ORDER_VIEW

WHERE "Product Name" = 'Baby Monitor'

GROUP BY "shipTo State", "shipTo City"

ORDER BY SALES_RANK;
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Summary of SQL/XML features in DB2 for Z/OS

DB2 Engine

21

3

4

56

7

8 9
Application Textual XML

Relational

XML

1

2

3

4

5

6

7

8

9

Insert XML

Store as XML

Shred into Rel

Retrieve XML

Publish XML

Select XML

XML to XML

XML to Rel

Rel to XML

0 XML Storage

XSR

0
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