Session Abstract

B13  Federated Database, "IBM's Killer Invention"
Scott Howard, Global Team Leader, Bl and Information Integration, IBM

"(IBM's) Killer Invention": Sam Palmisano, IBM CEO, eWeek, 2/25/2002 IBM's data management philosophy is one
of inclusion. The DB2 approach is: keep your data where it makes sense, even if it's in a competitive product like
Oracle, Informix or MS SQL Server or a non-relational structure like VSAM and IMS, and DB2 can manage it! This is
in stark contrast to other vendors approaches which usually promote keeping your data anywhere, as long as any-
where is within their product set. Scott will introduce the DB2 UDB features that promote such inclusion including a
detailed section on federated technology in both DB2 UDB and DB2 DataJoiner Products. Imagine this: an OPTI-
MIZED four-way join between DB2, IMS, ORACLE, and MS SQL Server. You'll learn the difference between IBM's
true Global Optimization and less satisfactory approaches adopted by others. You'll see how DB2's knowledge of
specific data sources makes it a powerful federated data mining and business intelligence enabler.
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DB2 Federated Technology: "IBM's
Killer Invention™

Scott Howard, IBM Learning Services

scottho@us.ibm.com

Materials derived from ILS courses:
CF471, DB2 Federated Database: Integrating Diverse Data

and
DW470, DiscoveryLink: Integrating Diverse Life Sciences Data

For more information or to enroll:
http://ibm.com/services/learning/us/
IBM Employees should use Global Campus and search for course code CF471 or

BE’Z“ﬁ%Iational Connect Home Page:
http://lwww.software.ibm.com/data/db2/relconnect/
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Data, Data Everywhere
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Tabular
Audio Image

Video

It is all related. What do | do?
How do | coordinate and manage it all?
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Accessing and Managing
Heterogeneous Data

Two major approaches:

= Move all data into the RDBMS

= |_eave it be and access/manage it from
within the RDBMS
» all access via RDBMS

> access via original applications and via
RDBMS



Accessing and Managing
Heterogeneous Data

Two major approaches:
= Move all data into the RDBMS

» all access via RDBMS
>

> |IBM DB2's answer:
DB2 UDB Federated DB, DB2 DataJoiner
and DB2 DatalLinks




Summary of Specifications

DB2 Federated Technology provides:

e Multidatabase server supporting multiple simultaneous
applications

e Distributed queries including distributed join
— Read/Write to DB2 Family and Informix

e SQL dialect and error code translation

e SQL Compensation
— Advanced DB2 function against non-DB2 data sources
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Summary of Specifications (cont)

DB2 Federated Technology functions (Continued):
e Advanced optimization and Global Catalog

e Advanced SQL and data type support

e Pass-through option

e Complete local DBMS functions

e High runtime performance
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DOS/Windows

Maclntosh

UNIX: AIX, HP-UX,
Solaris, etc.

0S/2

Windows NT
Windows 2000

Windows 95/98
ME/XP

One Global Database

Single DBMS Image

Multidatabase System

IBM DB2

Oracle

MS SQL

Sybase

Informix

Relational via
Wrapper

DataJoiner provides read/write support

and additional source platforms
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Distributed Request

DS
APPL PGM AS RDEWM
SQL API /4///
RDBM
AR
DS
RDBM

Multiple RDBMs used in one unit of work

Multiple RDBMs used in one SQL statement

Requires two-phase commit between AS and DS
Implies global optimization
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Global Optimization

S

3

™1|BM Corporation 2002

Tablex

Tabley
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Global Optimization ...

Tablex
Select *

2,000
From Tablex, Tabley

Where ... ?
Tabley

§ — 2,000K
Rows

The Picture
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Global Optimization ...

Tablex
Y
M 2 000
156 K0P o DBx Rows
Select * /
From Tablex, Tabley \Xyz_/
Where ...

)

\ _ 2,000K
Rows

DBy

The Whole Picture

[
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Push Down

TN
~_
DBx
Push
Down ~_
AVG function
Push RN
Down N
: LIKE clause
Give me the average
salary of everyone who DBy
works on the east coast. N
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Query Rewrite

Subquery

SELECT EMPL.EMPNO

FROM EMPL, DEPT

WHERE EMPL.PROJNO =
(SELECT PROJ.PNO
FROM PDEP, PROJ

WHERE EMPL.PROJNO=PROJ.PNO
AND DEPT.DEPNO=PDEP.DEPNO

AND PDEP.PNO=PROJ.PNO )

Join
SELECT E.EMPNO

FROM EMPL E, DEPT D,PDEP P1,PROJ P2

WHERE E.PROJNO=P2.PNO
AND D.DEPTNO=P1.DEPNO

AND P1.PNO=P2.PNO

AND E.DEPNO=D.DEPNO
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Visual Explain & PM

Visual Explain™

SELECT AVG(AVG_SAL)

. *
Performance Monitor

FROM (
SELECT DEPT,
AVG(SALARY) AS AVG_SAL
FROM DEPARTMENT
GROUP BY DEPT

) AS AVG_DEPT_SAL

S EEEESENENENEHN.]

J ¢

* With extensions to
remote data sources

.

.

[

[
i

a

DB2/2 Worldwide Sales
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Global Catalog

DB2
Federated
Global
Catalog

B

>

.
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Security, Integrity and Recovery
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Application

Single SQL

Application

DB2 SQL

>
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Compensation

DECLARE K9
CURSOR WITH HOLD

FOR SELECT NAME >
FROM USELESS.TABLE HpEIRase

WHERE SALARY > :MINE

™!BM Corporation 2002

| don't
do WITH
HOLD!
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Think of the possibilities:

DB2 Federated Server

Advanced DB2 SQL

- Case experssions — -
- Recursive SQL —_—
- User Defined Functions - B=-

- Nested Table Exp.

—\ _\
- Summary Tables*
etc. / \
. -

1—__

Informix Oracle
* Yes you can create Summary Tables (Materialized Query Tables) over nicknames!

m
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DB2 Federated Client/Server
Environment

DB2 Federated

Windows 95/98 0Ss/2
Server

Macintosh Database Client Database Client

Database Client %
. T 3
A

UNIX
Database Client

Windows NT or Windows XP
Database Client

| DB2 Multidatabase Server

% Local DB

@ (i umml| DRDA
ubDB L
0S/390 ftii it N\ TCP/IP

~— —~ DRDA DB2
v
DB2/VSE Connect

(& VM J DB2 Relationa

————. SNAor Connect
~_DpB2 | TCP/IP
ubB

__400 J

DB2UDB
for UNIX,

. '

a
2l
=

A

jm}

/
v

Informix &
MSSQL
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Don't Forget the WEB

% ; Net.Data or
WebSphere

WWW APPC, APPN, TCP/IP or IPX/SPX

DB2 Multidatabase Server

/ Local DB
—— DB2 UDB

0S/390 DRDA ~
/‘A‘ A TCP/IP
or
—— DB2/VSE
Ay TCP/IP

Informix

Oracle

— 1 DB2 UDB MS SQL
AS/400 etc.
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Multidatabase Server Services and
Products

DRDA Driver |77

............ Net 8 or
SQL*Net

OoDBC
Driver

- DB2 Universal
Database

DB2 for OS/390,
DB2 or VSE & VM
or DB2 for OS/400

Oracle

MS SQL Server

User-Supplied
Wrapper

Any Relational or
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Non-Relational
. DB
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Life Sciences, DiscoveryLink

N

........................... °

Flat File
Wrapper

ormal
B2 and Relational
onnect sources

Indexed and
non-indexed

Blast
Wrapper

Bastable source

XML
Wrapper

[Jom]]
[n
®
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DataJoiner V2 Data Sources

= Platforms
_______ DB2 DRDA
= Network protocols
e CPWP — —
gpPC 1O
DRDA Driver RS
____________ DB2 RA
DB2 e
LAN Driver ~ ~ 1cpIP < VSAM___—
DataJoiner  DataJoiner Classic e —
Connect Driver* APPC, TCPIP - T
Cllent Englne _______ SQL*NET | ... .cccccomeommmmmermmeeomnnonernns™” Oracle
Support NETS Oracle Rdb
....... Sybase |........ . TCPIP - —
Open Client [*-.... T
""""""" Sybase
...... ~—— _

Microsoft
SQL Server

_______ CLI
Driver
_______ Teradata
Client
_______ Re|ati0na| . ...'... Teradata
Gateway | "ttt TCPIP — S
............ .‘._. /\
“forAIX T o ce— —
“*4 Other Relational
** for AlX: Data Direct SequelLink ODBC Edition from Merant Software or Non-Relational
for NT: MS ODBC Driver Q DBMSs )
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DRDA AS Support

Any DRDA AR
Application: Any DB2
TSO 0S/390
or z/OS
Appl.
VM or VSE Oracle
Appl.
Any Federated Data Source!
0S/400
Oracle via
Appl. Transparent Gateway
for DRDA
via
Direct Connect MS SaL
i @
P>
L ENETOpA
o™ oy W/ 2
Gate"
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Configuring the
Federated Environment




Installation Steps

1. Install any non-DB2 client products
— For example, Oracle NETS8

— Ensure environmental variables are set (that is,
ORACLE_HOME)

2. Install DB2 UDB and/or DB2 Connect

3. Install DB2 Relational Connect
— Select the data sources that you intend to access

3a. (UNIX only) Run djxlink
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Ready the Client Connectivity

Get all this - DB2 Universal
working first . 2 Univers
N
‘;:;;Ez:;:? _______ — —
------- DRDA | DpB2for 0s/390,
______________________________________ DB2 or VSE & VM
DRDA Driver [~ | or DB2 for 0S/400
............ Net 8 or Oracle
SQL*Net

ODBC | e MS SQL Server
Driver
Any Relational or
............ Platform Non-Relational
Specific Client DB
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DB2 Data Sources

» Add Database Wizard x|
1. Source | 2 Frotacal |
First Step: Select how vou want to zet up a connectian.,

Thiz wizard helpsz you configure a connection to a DBZ databaze. Select the
methiod that you want to use to add a database.  For more infarmation while in
the “Wizard, click Help or press F1.

™ Use a profile
Select thiz option to add a database from a profile,

™ Search the netwoark
Select thiz option to search vour local network, for databazes.

{* Manually configure a connection to a database
Select thiz aption if you know the required infarmation.,
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ORACLE Wrapper Module Setup

/_\
\____/
Oracle E
Wrapper » tnsnames.ora >
Module |«
LINK ~_
Edit Jete 5
Remote
Oracle
Data
SQL*NET Source
or Net8
Libraries
DB2 Federated Technology Server
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Oracle Setup Tools

Windows: Use the SQL*Net Easy setup or Easy config tool to configure
connectivity.

Enter Modification Informaktion HI

kA ake any modificationlz] in the approprnate held(=].

D atabase Alias I
TCP/IP Host Hame IrEBE
Databasze Instance IDHDHED

bl ake any modification[z] in the appropriate held(=].

Help | | QK |
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Verify Your Oracle Connection
Use:
1. ping
2. tnsping
3. sqlplus

Continue by installing and configuring any other
required client enablement on the Federated Server
(i.e. Informix Client, MS SQL Server ODBC drivers...)
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Create the DB2 Federated Server

Database

I3 Create Database Wizard

1. Mame
2. UserTahles

3. Catalog Tables
4. Temporary Tables

Review the actions that will take place when you click Finish.

When you click Finish, the wizard creates a database and the necessarg tahle spaces. Ta change any of the
parameters, 0o back to the appropriate page in this wizard. To view the equivalent command, click Show Comimand

Create database FED_LIP

Default SMS User Takle Space
Cefault SMS System Catalog Tabhle Space
Cefault SMS Systerm Temporary Table Space

Territary: IS
Code set: 1252

Systermn collating sequence - Character strings are sorted according to the code setywou

specify abhove.

Show Command

4 Back |

g

Finish

Cancel
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Wrappers - Servers - Users -

Nicknames

e m DB2 UDB, there is a Rl relationship between Wrappers,
Servers, Nicknames, and User Mappings

» CONNECT to a DB2 UDB Database
- 1st: CREATE WRAPPER

- 2nd: CREATE SERVER

» 3rd-a: CREATE USER MAPPING's
- 3rd-b: CREATE NICKNAME's

—DROPping a SERVER will drop all dependent USER
MAPPINGs and NICKNAMEs

—DROPping a WRAPPER will drop all dependent SERVERSs,
USER MAPPINGs, and NICKNAMEs.

- Also, this is evident in the DB2 Control Center 'tree’
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DB2 UDB Control Center

System
[System name]
L Instances
[instance name]
L Databases
[database name]
— Tables

— Federated Database Obijects
[wrapper name]
Servers

[server name]

— Users

user mappings]
—— Nicknames
'nicknames]
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CREATE WRAPPER

Wrapper-names:
DRDA For all DB2 data sources
SQLNET For Oracle via SQL*NET
NETS For Oracle via net8
ctlib For Sybase via ctlib
dblib For Sybase and Microsoft SQL Server via Sybase dblib
DJXMSSQL3 Microsoft SQL Server via ODBC 3.0
(or higher) driver (Windows N'T/2000)
MSSQLODBC3 Microsoft SQL Server via Merant
Data Direct Connect ODBC (AIX)
INFORMIX For Informix via Informix client
OLEDB All OLE DB providers supported by Microsoft OLE DB

i
[n
®
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CREATE SERVER

CREATE SERVER server name TYPE server type
VERSION server version WRAPPER wrapper name
AUTHORIZATION remote id PASSWORD remote pw

OPTIONS (...)

e NODE option is always required

e DBNAME option required except for Oracle

create server nydb type db2/390 version 6.1
wrapper drda authorization myid password mypw
options (node 'TOMVS', dbname 'DSNT')
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Single Server Security

DBZ2 Federated
Server

Should |

let Scott in
login: Scott > \
DB2

Security
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Multi-Server Security

DB2 Federated ,
Server

0

DB2 for
DB2

0S/400
Security

ORACLE !

3

No, Scott's
here!

s

MS SQL
Server
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Multi-Server Security (Cont)

DB?2 Federated

e DB2 for

J— e
—
| R <>
Security \ ORACLE
MS SQL !

Server

¥

&
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Multi-Server Security (Cont)

R

Eg-_,%l:reate User Mappings - ORADL - |I:I|£|
dalvmi Earthli orm

—Local userDs

HMWWARDZ - DBZ - SAMFLE - SQLMNET - ORADL - User Mappinds

™ Control Center

) ) Select one aor mare local user IDs to map to a remote user ID. Right click a user 1D in the Selected Liser IDs

Control Center  Selected  Edit Wiew listiia rammEe o sdE & user 6.
B & @ B & 0

""" L Views Awailable local user IDs Selected user [D's

""" {7 Aliases ADMIMISTRATOR STLUDEMT

..... 771 Triggers DBE2ADMIM

_____ £ sen GUEST -

chemas MERSRVD -

----- {71 Indexes HOWARD

----- { 7] Table Spaces -

----- {71 Connections ==

----- 71 Replication Sou

----- D Feplication Suk
""" {7 Buffer Pools ~Remote user ID
A Application Obje
-] User and Groug
=-{ ) Federated Data FPassword Iﬂ*ﬂ*
=3 DRDA

{j Servers

= saLnET
=-{ 7] Servers (5] .8 Cancel Showy SCIL Help

=15 oraDL
----- = Mappings
- D mMicknames

EEI---D Gateway Connections

H-igs DBE2CTLSY

- m] TOESSMYST

(|

Llser D IEd"":D5

2 0% 4 T N D

4]

c:\ > db2 "CREATE USER MAPPING FOR scott
SERVER MSSQL OPTIONS (REMOTE AUTHID 'scott' REMOTE PASSWORD 'scottspw')"
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Nicknames

Client
App! DB2 Federated Server
Y
Connect to X i - X ﬁ
—»| | MYTABLE OPTIMIZER T)’Z; e
2
Select * - \ T Source
From MYTABLE - Nicknames - O
MYTABLE=

SYBASE.Scott. TAB1
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CREATE NICKNAME

PP— CREATE NICKNAME —nickname — FOR—remote-tablename

PP— DROP NICKNAME —nickname

PP— 21 TFR NICKNAME— nickname—SET COLUMN — old-local-column-name——«

P—— LOCAL NAME —new-local name
—LOCAL TYPE—data-type
—REMOTE TYPE— remote data-type —

>«

Examples:

CREATE NICKNAME MYTABLE FOR "SYBASE.scott.TAB1"
DROP NICKNAME MYTABLE
ALTER NICKNAME DEPT SET COLUMN address LOCAL NAME daddress
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CREATE NICKNAME Process

User Scott enters:

CREATE NICKNAME dept FOR oraclel.scotto.dept

SYSCAT.TABLES

TABNAME | DEFINER | TYPE CARD | NPAGES |FPAGES

DEPT SCOTT N ? ? ?

NANNA

NANANAN

NAANAN

We need to go to oracle1 and
gather statistics!
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DB2 UDB V7 Create Nickname
Process ...

SYSCAT.COLOPTIONS

TABSCHEMA TABNAME COLNAME OPTION SETTING
SCOTT DEPT NAME REMOTE_COLUMN_TYPE VARCHAR
SCOTT DEPT NAME REMOTE_COLUMN_LENGTH | 25

SCOTT DEPT ADDRESS REMOTE_COLUMN_TYPE VARCHAR
SCOTT DEPT ADDRESS REMOTE_COLUMN_LENGTH | 50

SCOTT DEPT BONUS REMOTE_COLUMN_TYPE NUMBER
SCOTT DEPT BONUS REMOTE_COLUMN_LENGTH | 38

SCOTT DEPT BONUS REMOTE_COLUMN_SCALE 0

™1IBM Corporation 2002 IBM Data Management Technical Conference
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] Using Nicknames
lient

Applications DB2

Connect to X Federated O\

Select * —
oy Oracle
ORACLE1l.SCOTTO.DEPT

~—

SYSCAT.TABLES
conmect to X TABNAME | DEFINER |TYPE g
Select *:
FROM DEPT

SYSCAT.TABAUTH

GRANTOR | GRANTEE | TABSCHEMA| TABNAMH DELETEAUTH| INSERTAUTH SELECTAUTH

SCOTT ? SCOTT DEPT ? ? ?

hAAAANAAAA
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"Unified Schema"
Multi-Location Views

DB?2 for
0S/390 Sybase Oracle
CUsT oJBR
SFBR
ACCT NO| NAME ACCT NO| Balance ACCT NO|Crllimit
101 Ajax 101 | 250,000 101 | 319,000
303 Super 303 | 100,000 303 | 300,000
099 Acme 099 099
DBZ2 Federated
Technology
Select *
From CUSTVIEW

i
[n
®
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Client
Appl

Global Optimization

Connect to X

DB?2 Federated Server

Global Optimizer

Oracle

Where Where should
—» is DEPT | join them?
celect i and PAY?
From DEPT, PAY Strategy?
where ...
SYSCAT.TABLES \ 4
TABNAME | DEFINER | TYPE § SYSCAT.SERVERS
DEPT SCOTT N % e Server Type
oAy SCOTT "Bk e Server Statistics
SYSCAT.TABLES
SYSCAT.SERVERS SYSCAT.COLUMNS
SERVER NODE DBNAME SERVER TYPE 5 SYSCAT.INDEXES
ORACLE1 | ORANY ORACLE % e Table Statistics
DB2MVS TOMVS NYDB2 DB2/MVS 5 * Index Statistics

™!BM Corporation 2002
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Updating Global Statistics

DBZ2 Federated Server

DBZ2 Data Source

SYSCAT.INDEXES

Global Catalogs
SYSCAT.INDEXES
INDNAME | INDSCHEMA |TABNAME | TABSCHEMA | COLNAME
DEPTIX |RUSS EMPLOYEE| RUSS NAME

1L
@

INDNAME | INDSCHEMA | TABNAME | TABSCHEMA | COLNAME
DEPTIX |RUSS EMPLOYEE | RUSS NAME
EMPNOIX|RUSS EMPLOYEE | RUSS EMPNO

/S AL A

CREATE INDEX RUSS.EMPNOIX
ON EMPLOYEE (EMPNO ASC) ;

How can DBZ2 Federated Technology discover this
new remote index?

™!BM Corporation 2002
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CREATE INDEX Specification

CREATE INDEX index-name ON nickname
(column name specification) SPECIFICATION ONLY

= = == ™1IBM Corporation 2002 IBM Data Management Technical Conference



RUNSTATS Considerations

e RUNSTATS will not run against nicknames

— Extrapolate statistics and modify the DB2 Federated
Technology catalogs

- Use GETSTATS tool
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The Problem

DatadJoiner or DB2
Federated Server

DB2 What is a
Patser STOGROUP?
CREATE STOGROUP ... —+—»|STOP DB2
0S/390
DataJoiner or DB2

Federated Server

| can't create a
DB2 local table

CREATE TABLE sybpay e o ose
(NAME VARCHAR(30), R
SALARY SMALLMONEY

A
FLAG VARBINARY(1), Ul
MGRNO CHAR(3),

HISTORY TEXT) /

™1IBM Corporation 2002 IBM Data Management Technical Conference
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Directed SQL

DBZ2 Federated
Server
DB2
Dynamic SQL Parser
PREPARE, OPEN, FETCH, CLOSE / \ \ — >
PREPARE, EXECUTE »| DB2
EXECUTE IMMEDIATE \ / / 0S/390
DBZ2 Federated
Server
N D
Static SQL rser -

EXEC SQL g
SELECT, INSERT, UPDATE, SYBASE
DELETE

END EXEC
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Pass-thru SQL

SET PASSTHRU sybase1

CREATE TABLE sybpay
(NAME VARCHAR(30),
SALARY SMALLMONEY,
FLAG VARBINARY(1),
MGRNO CHAR(3),
HISTORY TEXT)

SET PASSTHRU RESET
PASSTHRU authority can be granted or revoked

Note that remote tables can also be created directly via DDL
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Remote Table Access

DB2 SFederated Remote
J—— erver .. E Data
Source

CLIENT O

D Select * FROM I\/IYTABLE»E Nickname

: ; : > Real
S MYTABLE| : MYTABLE
7
Requires: Select privilege Select
on the nickname ¥ privilege on
MY TABLE the real table



The Four Security Knobs

Client

®

@

database
definition

Remote
> DBZSFeer?/Z:atEd > Data
Source

@ @ ®

database data source security
definition definition features
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Tuning the
Federated Environment




Tuning Diagnostics
¢ [solate the problem:
— DB2 Federated Server?
- Remote database server?
- Network?
— Clients?

e If performance related, read the "Federated Database Query
Compiler Phases" in Administration Guide: Performance

— Use Visual Explain

— Check sorts

— Check pushdown of SQL and functions

— Reconsider query if compensation forces poor path

¢ Issue SQL remotely against data source:
— From the DB2 Federated Server
— At data server
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N

Visual Explain and ReTuRN() 6424 35

— -

the untuned query S
MSJOIN(2) 6,424,354

— —

Hypothetical example of a grossly /\

mistuned environment. ~ ~
EIISJOIN(3) 3,439,535.5] RETURN(1) 67.72

1

E\ILJOIN(4) 393,285.38] i FILTER(12) 362.63 N rTBSCAN(17) 261.67i

:’BSCAN(5)147,347.6; i TBSCAN(8) 37.89 N fTBSCAN(13) 349.61 1 ( SORT(18) 159.7 )

] -] B - ! ]

:SORT(6)127,026,4 j : TEMP(9) 37.26 j : SORT(14) 345.67 j :RQUERY(7) 339.51 j

T T T ’f

RQUERY(7) 880.06 FILTER(5) 36.98 RQUERY(15) 301.19 ] STUDENT.EMPACTTE

- Sy - S

! ? T

-~ —

STUDENT.EMPLOYEE RQUERY(11) 34.53 STUDENT.PROJECTT

N -

!

STUDENT.DEPTTEST
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Pushdown Analysis

DB2 should Pushdown operations close to data

e Analyze query to determine query blocks that can be
executed at the remote data source

— Predicate pushdown (In, Exists, RelOp, Between)

— Operation pushdown (Group, Order, Union, and so on)
— Head expression pushdown

— Function pushdown

¢ Significantly affects performance

e Several factors affect the ability to pushdown
— Server characteristics
— Nickname characteristics
==== Query characteristics,
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Visual Explain and
the tu ned query [ RETURN(1) 25.8 ]

[ NLJOIN(2) 25.8 ]
NLJOIN(3) 25.64 ] [ RQUERY(9) 137.67]

T~ !

[ NLJOIN(4) 25.18 ] [RQUERY(S) 337.89] STUDENT.EMPACTTE

[ FILTER(5) 25.06

RQUERY(7) 287.65 STUDENT.EMPLOYEE

[ RQUERY(6) 25.05 ]

T

STUDENT.DEPTTEST

STUDENT.PROJECTT
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Where can | get more training?

Consider IBM Learning Services Course:

CF471, DB2 Federated Database: Integrating
Diverse Data

DW470, DiscoveryLink: Integrating Diverse Life
Sciences Data

For more information or to enroll:
http://ibm.com/services/learning/us/

IBM Employees should use Global Campus and search for course
cde LF471
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