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Abstract

This project report is divided into two parts. Part one discusses about the
Statistical Data Collection and Analysis of the DataStage. Part two discusses about the
Database Explorer and extending Teradata database to the Database Explorer.

Any operation that is performed in the DataStage consumes the resources such as
Memory, CPU usage, 10 usage and time. If the resources are not sufficient for the job
which is running on DataStage then the job is aborted due to insufficient resources. One
way to prevent the abortion of job due to lack of resources is by calculating the amount of
the resources that the job consumes before the job initiates. To calculate the resources
required, calculate the resources required for each Stage in DataStage. This is the
Statistical Data Collection and Analysis of the DataStage. Part one of thesis describes
about each Stage details and the amount of resources that are consumed by each stage of
DataStage. Part two of thesis discusses about extending the Teradata Database to
Database Explorer. Database Explorer is a tool which enables the users to connect to

different types of databases from the single application.
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Chapter 1

Introduction to DataStage

Introduction

This chapter gives a brief description about, what is ETL, what is DataStage,
features of DataStage, DataStage components, Stages in DataStage, Jobs in DataStage,
source and target types supported by the DataStage and supported platforms.

1.1ETL

ETL stands for Extract, Transform and Load. Extracting the data from the data
sources, transform the data as required and load the output data to the Target. Reading
data from source, cleaning it up and formatting it uniformly, and then writing it to the

target repository to be exploited.

Uu == 3

{4 + —N Extract — Transform |—~|
| Load ) Target

Source

Figure 1.1: ETL flow

The input data used in ETL processes can be from any of these sources: a
mainframe application, an ERP application, a CRM tool, a flat file, an Excel spreadsheet,
or even a message queue. Extraction can be done via Java Database Connectivity, Open
Database Connectivity technology or by creating flat files.

After extraction, the data is transformed, or modified, depending on the specific
business logic involved so that it can be sent to the target repository. There are a variety
of ways to perform the transformation, and the work involved varies according to
requirement. The data may require reformatting only, but most ETL operations also
involve cleansing the data to remove duplicates and enforce consistency. Part of what the
software does is examine individual data fields and apply rules to consistently convert the
contents to the form required by the target repository or application
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For example, the category "male” might be represented in three different systems
as M, male and 0/1. The ETL software would recognize that these entries mean the same
thing and convert them to the target format.

After Transformation of the data to the required format, load the data to a target,
so that it will be useful for future purpose. The target can be a Database table or a
sequential file.

1.2Introduction to DataStage

DataStage is an Extraction, Transformation and Loading (ETL) tool works by
extracting data from one or more operational databases. The data is transformed to
eliminate inconsistencies, aggregated to summarize data, and loaded into the data
warehouse. The end result is a stored database which contains stable, nonvolatile,
integrated data. Therefore, we can see DataStage as an application which connects data
sources to the targets and processes the data.

DataStage is a core component of the IBM WebSphere Data Integration Suite,
which enables the user to tightly integrate enterprise information, despite having many
sources or targets and short time frames. DataStage enables the user for building an
enterprise data warehouse to support the information needs of the entire company,
building a “real time” data warehouse, integrating dozens of source systems to support

enterprise applications.

1.3 Features of DataStage

DataStage has the following features to aid the design and processing required for
building a data warehouse:

1. Uses graphical design tools. With drag and drop techniques you can design a job.

2. The Source/Target file can be of any type and any number of data sources can be
used. The type of the file can be Database table, Flat file or Dataset.

3. Access, transform and deliver information from multiple sources, in multiple
formats, regardless of the volume of data or time frame required for processing.

4. You can define the Table definitions for files in a specified format, and you can

view those table definitions at any point of the time in the jobs.
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5. Transforms data. DataStage has a set of predefined transforms and functions used
to convert source data.

6. The most comprehensive connectivity to source and target systems WebSphere
DataStage supports a virtually unlimited number of heterogeneous data sources
and targets in a single job.

7. DataStage can operate in real time, capturing messages or extracting data at a
moment’s notice on the same platform that also integrates bulk data.

8. DataStage includes Intelligent Assistants to make frequently used tasks easy to
create.

9. The configuration file allows users to define the degree of parallelism without
changes to application code.

10. DataStage director component enables the users viewing the job log. This is very
useful to make changes to the job, when the job is not running properly.

1.4 DataStage Components

DataStage components can be categorized as two types. They are Client and
Server components.

Client Components: DataStage client components are DataStage Administrator,
DataStage Designer and DataStage Director.

DataStage Administrator is used to perform the administrative tasks, like adding
or removing the users, projects or moving the projects, setting the environment variables
at project level, setting the user defined variables at project level.

DataStage Designer is used to create the jobs. Each job consists of sources, targets
and transformations required. These jobs are compiled to create the executables which
run on the server.

DataStage Director is a user interface used to validate, schedule, run, and monitor
DataStage server jobs and parallel jobs. These client tools connect to the DataStage

server because all of the design information and metadata are stored on the server.
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Administrator Designer Director

Figure 1.2: DataStage Client components

Server Components: Server components consist mainly of repository and DataStage
server. Repository is a central store that contains all the information required to build a
data mart or data warehouse. DataStage Server runs executable jobs that extract,
transform, and load data into a data warehouse.
1.5 DataStage Stage

DataStage Stage is an operator which performs the specified work. The Stages in
the DataStage are divided into six groups they are file stages, restructuring stages,
processing stages, real time processing stages, development/debug and database stages.

In detail about the DataStage stages are discussed in the Chapter DataStage
stages.
1.6 DataStage Jobs

DataStage jobs consist of individual stages. Each stage describes a particular
processing this can be accessing a database or transforming data. For example, one stage
may extract data from a data source, while another transforms it. Stages are added to a
job and linked together using the Designer.

There are three kinds of jobs in DataStage, they are:

1. Server job

2. Parallel job

3. Mainframe job
Server jobs are compiled and run on the DataStage server. A server job will connect to
databases on other machines as necessary, extract data, process it, and then write the data
to the target data warehouse. These are for use on non-parallel systems and SMP systems.
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Parallel jobs are developed using the DataStage Designer and compiled and run on the

DataStage server. These types of jobs commonly connect to a data source, extract, and

transform data and write it to a data warehouse. Parallel jobs must be compiled and run

on a UNIX server, but you can develop them on a client attached to a Windows server.

Once designed, parallel jobs can run on SMP, MPP, or cluster systems. Jobs are

scaleable. The more processors you have, the faster the job will run.

Mainframe jobs are available only if you have Enterprise MVS Edition installed. A

mainframe job is compiled and run on the mainframe. Data extracted by such jobs is then

loaded into the data warehouse.

1.7 Supported Source and Target types

DataStage supports a virtually unlimited number of heterogeneous data sources and

targets in a single job, including:

Text files
XML Files

Complex data structures in XML

Almost all types of databases, Informix, Sybase, Teradata, SQL Server, and the

list goes on including access using ODBC

Web services

1.8 Supported Platforms

IBM Information Server DataStage supports different types of platforms, they are:

Windows NT, Windows 2000, Windows
Server 2003

IBM AIX

HP Compag Tru64

HP HP-UX

Red Hat Enterprise Linux AS

Sun Solaris
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Chapter 2

Tuning parameters of DataStage

Introduction

The Configuration file and the Partitioning techniques are used to run the
DataStage job under different environmental conditions. This Chapter discusses about
these topics.

2.1 The Key for Parallelism :: Configuration File

The Configuration file is the one which plays the key role in DataStage job
development and on the processing of job. For running the DataStage job, DataStage
must be aware of the resources that a job can use while processing. All these resources
specifications are defined in the Configuration File. The configuration file gives the
shape and size of the System to the DataStage. So that the DataStage organizes the
resources required for a job according configuration file.

The configuration file describes available processing power in terms of processing
nodes. These may not correspond to the actual number of processors in the system that
DataStage is installed. The number of nodes you define in the configuration file
determines how many instances of a process will be produced when you compile a
parallel job. By using the Configuration file, it is possible to leave a couple of processors
free to deal with other activities on your system.

In DataStage, there won’t be necessarily one ideal configuration file for a given
system because of the high variability between the way different jobs work. For this
reason, multiple configuration files should be used to optimize overall throughput and
match job characteristics to available hardware resources. At runtime, the configuration
file is specified through the environment variable $APT_CONFIG_FILE. The
Configuration file cab be changed by using the same environment variable. The number
of nodes exist in default configuration file are half of the number physical processors on
the system.

One of the great strengths of the DataStage Enterprise Edition is that, when
designing jobs, you don’t have to worry too much about the underlying structure of your
system, beyond appreciating its parallel processing capabilities. If your system changes,
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upgraded or improved, or if you develop a job on one platform and implement it on
another, you don’t necessarily have to change your job design, just change the
configuration file.

The configuration file also gives you control over parallelization of your job
during the development cycle. For example, by editing the configuration file, you can
first run your job on a single processing node, then on two nodes, then four, then eight,
and so on.

The default configuration file has the following characteristics:

- number of nodes = ¥ number of physical CPUs
- disk and scratchdisk storage use subdirectories within the DataStage
install file system
Syntactic characteristics of Configuration file:

e Braces { } begin and end the file.

e The word node begins every node definition.

e The word node is followed by the name of the node enclosed in quotation marks.

e Braces { } follow the node name. They enclose the information about the node
(its options), including an enumeration of each disk and scratch disk resource. The
legal options are: fastname, pools, and resource.

e Spaces separate items.

e Quotation (") marks surround the attributes you assign to options, that is, the
names of nodes, disks, scratch disks, and pools.

e Comments are demarcated by /* . . . */, in the style of the C programming
language. They are optional, but are recommended where indicated in the
examples.

In the Configuration file design, variables are used to allocate the resources. The brief
description of those variables is given below.

Node: The node’s name is typically the network name of a processing node. Each

node defined is followed by its name enclosed in quotation marks.
node "‘orchO"

University of Hyderabad 8 IBM India Software Labs



Fastname: This option takes as its quoted attribute the name of the node as it is
referred to on the fastest network in the system. The fastname is the physical node
name that stages use to open connections for high volume data transfers.

fastname "‘name"
Pools: The pools option indicates the names of the pools to which this node is
assigned. The option’s attribute is the pool name or a space-separated list of names, each
enclosed in quotation marks.

Syntax: pools "'node_pool _name0 node_pool namel™ ...
A node can be assigned to multiple pools as in the following example, where node is

assigned to the default pool (") as well as the pools nodel, nodel css, and pool4.

Example: pools nodel nodel css pool4™
Resource: This indicates the resources that the nodes uses for the temporary
storage of the data.
Syntax:
resource resource_type location” [{pools disk _pool name'}]

resource resource_type "value"

The resource type can be scratch disk or disk. For the resource type disk the
syntax is:

Syntax: resource disk "'directory path' [{pools "‘poolname™.._}]

Assign to this option the quoted absolute path name of a directory belonging to a
file system connected to the node. The node reads persistent data from and writes
persistent data to this directory. One node can have multiple disks.

For the resource type scratch disk it will be like this. The Syntax:

resource scratchdisk "directory _path” [{pools poolname™.._}]

Assign to this option the quoted absolute path name of a directory on a file system
where intermediate data will be temporarily stored.

The Sample configuration file is given below.

node "nodel"

{
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fastname "HYDDEV121"
pools ™"
resource disk "C:/IBM/InformationServer/Server/Datasets" {pools "}

resource scratchdisk "C:/IBM/InformationServer/Server/Scratch" {pools

'}
}
node "node2"
{
fastname "HYDDEV121"
pools "
resource disk "C:/IBM/InformationServer/Server/Datasets" {pools "'}
resource scratchdisk "C:/IBM/InformationServer/Server/Scratch" {pools
"
}
node "node3"
{
fastname "HYDDEV121"
pools "
resource disk "C:/IBM/InformationServer/Server/Datasets" {pools "'}
resource scratchdisk "C:/IBM/InformationServer/Server/Scratch" {pools
“h
}
node "node4"
{
fastname "HYDDEV121"
pools "
resource disk "C:/IBM/InformationServer/Server/Datasets" {pools "'}
resource scratchdisk "C:/IBM/InformationServer/Server/Scratch" {pools
"}
}
}
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2.2 Partitioning, Repartitioning, and Collecting Data

Partitioning: When you are using multiple nodes in Job running, the input data
must be sent to all the nodes. This process of sending the input data to all the nodes in
the system is called as Partitioning of data. The aim of most partitioning operations is to
end up with a set of partitions that are as near equal size as possible, ensuring an even
load across all processors.

Collecting: Collecting is the process of combining multiple partitions of a single
data set to a single file.

Repartitioning: Repartitioning is partitioning already partitioned data. This type
of repartitioning is required when, for example at the sort stage you have partitioned the
data based on the first name column of data, after that at the aggregator stage you need to
partition the output data from the sort stage based on the age column. This type of
partitioning is called as repartitioning of the data.

There are different methods are available for partitioning and collecting of data,
these are described below.

2.2.1 Partitioning
2.2.1.1 Round robin

In this partitioning mechanism, the first record goes to first processing node,
second one goes to second partitioning node, and so on. When the last processing node is
reached, it again starts from the first node, until all the records are completed from input
data source. This method is useful for resizing partitions of an input data set that are not
equal in size. The round robin method always creates approximately equal-sized

partitions.

2.2.1.2 Random

In Random partitioning, the records are randomly distributed across all processing
nodes. Like round robin, random partitioning can rebalance the partitions of an input data
set to guarantee that each processing node receives an approximately equal sized

partition.
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2.2.1.3 Same

When the records need to be transferred from one stage to the next stage with out
partitioning, then this partitioning mechanism is used. With this partitioning method,
records stay on the same processing node; that is, they are not redistributed. Same is the
fastest partitioning method. This is normally the method DataStage uses when passing
data between stages in your job.

2.2.1.4 Entire

Each record of the input data is copied on to, every node. It is useful when you
want the benefits of parallel execution, but every instance of the operator needs access to
the entire input dataset.

2.2.1.5 Hash By Field

Partitioning is based on a function of one or more columns (the hash partitioning
keys) in each record. The hash partitioner examines one or more fields of each input
record (the hash key fields). Records with the same values for all hash key fields are
assigned to the same processing node. This method is useful for ensuring that related
records are in the same partition, which may be a prerequisite for a processing operation.
Hash partitioning does not necessarily result in an even distribution of data between

partitions.

2.2.1.6 Modulus

Partitioning is based on a key column modulo the number of partitions. This
method is similar to hash by field, but involves simpler computation. The modulus
partitioner assigns each record of an input data set to a partition of its output data set as
determined by a specified key field in the input data set. This field can be the tag field.

The partition number of each record is calculated as follows:

partition_number = fieldname mod number_of_partitions
Where:

e Fieldname is a numeric field of the input data set.
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e number_of partitions is the number of processing nodes on which the
partitioner executes. If a partitioner is executed on three processing nodes
it has three partitions.

2.2.1.7 Range

Divides a data set into approximately equal-sized partitions, each of which
contains records with key columns within a specified range. This method is also useful
for ensuring that related records are in the same partition. A range partitioner divides a

data set into approximately equal size partitions based on one or more partitioning keys.

2.2.1.8 DB2

Partitions an input data set in the same way that DB2 would partition it. For
example, if you use this method to partition an input data set containing update
information for an existing DB2 table, records are assigned to the processing node
containing the corresponding DB2 record. Then, during the execution of the parallel
operator, both the input record and the DB2 table record are local to the processing node.
Any reads and writes of the DB2 table would entail no network activity.

2.2.1.9 Auto

The most common method you will see on the DataStage stages is Auto. This just
means that you are leaving it to DataStage to determine the best partitioning method to
use depending on the type of stage, and what the previous stage in the job has done.
Typically DataStage would use round robin when initially partitioning data, and same for
the intermediate stages of a job.

2.2.2 Collecting
2.2.2.1 Round robin

Reads record from the first partition, and then from the second partition, and so
on. After reaching the last partition, starts over. If any partition becomes empty then it
skips that partition and goes to the next partition.
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2.2.2.2 Ordered

Reads all records from the first partition, then all records from the second
partition, and so on. This collection method preserves the order of totally sorted input
data sets. In a totally sorted data set, both the records in each partition and the partitions
themselves are ordered. This may be useful as a preprocessing action before exporting a
sorted data set to a single data file.

2.2.2.3 Sorted Merge

Read records in an order based on one or more columns of the record. The
columns used to define record order are known as collecting keys. You use this sorted
merge collector with a partition-sorted data set (as created by a sort stage). In this case,
you specify as the collecting key fields those fields you specified as sorting key fields to
the sort stage.

2.2.2.4 Auto

The most common method you will see on the DataStage stages is Auto. This
normally means that DataStage will eagerly read any row from any input partition as it
becomes available, but if it detects that, for example, the data needs sorting as it is
collected, it will do that. This is the fastest collecting method.

University of Hyderabad 14 IBM India Software Labs



Chapter 3

Performance Monitor

Introduction

Performance Monitor is also called as Perfmon tool. This tool is used in the
Statistical Data Collection and Analysis of the DataStage to get the values of CPU usage,
Memory usage, 10 usage. This Chapter discusses about this tool.

3.1 Perfmon

Performance Monitor (perfmon) is a powerful tool available in all Microsoft
operating systems from NT to Windows Server 2008. This tool is used for monitoring the
performance of applications. Performance Monitor has approximately 350 different
counters. The Performance Monitor displays graphical representation of system
performance.

Enter perfmon in the command line editor to open the tool. The primary default
view allows objects to be graphically displayed. This view enables you to view the
monitored items over a short period of time (as short as every second) by choosing the
options from with in the dialog boxes. This view is best for actively watching the

performance of a system.

3.2 Adding the Counters

From the default view, you can add the counters by right clicking, and selecting
the add counters button. First select the system, whether it is a local system or a remote
system by selecting the radio buttons. Then select an item from the performance object.
On selecting the performance object, the counters that correspond to the performance
object are displayed in the counters list and instances list.

To get a more detailed explanation of any counter, right click anywhere in the
perfmon graph and choose Add Counters. Select the counter and object that you are
curious about, and click the Explain button.
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3.3 Counters used in Analysis

Processor utilization: Processor\% Processor Time\_Total, this gives the total
processor utilization of the system.

Memory utilization: Process\Working Set\ Total, this basically shows how
much memory is in the working set, or currently allocated RAM. This gives the memory
utilization of the system.

Disk Utilization: PhysicalDisk\Bytes/sec\ Total, shows the number of bytes per
second being written to or read from the disk. This gives the Disk utilization of the

system.

3.3 Uses

From this single tool you can track a range of system processes and give real time
graphical display of results. You can customize the data you want to collect in logs by
defining thresholds for alerts and automatic actions, generate reports, and view past
performance data. This tool can also be used to plan upgrades, send out alerts, tracking
processes to be optimized, monitor results of tuning and configuration scenarios, and

understand system workload and its effect on resource usage.
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Chapter 4
DataStage Stages

Introduction

A Stage in the DataStage is an operator that performs the specified task. DataStage
uses Stages in designing the job. This Chapter describes about these Stages used in

DataStage

4.1 DataStage Stages
The DataStage stages are divided into six groups depending on the type of the

work. The Stages can be divided as:

1. File Stages

2. Processing Stages

3. Restructure

4. Development/Debug

5. Database Stages

6. Real Time Processing stages
In brief these can be described as:
File stages: These stages are used as the source/target stages in the job design. These are
the stages that read or write data contained in a file or set of files. Examples of file stages
are the Sequential File and Data Set stages.
Processing Stages: These are stages that perform processing on the data. Examples of
processing stages are the Aggregator and Transformer stages.
Restructuring Stages: These are stages that deal with and manipulate data containing
columns of complex data type. These include Column Import, Column Export etc.,.
Development/Debug: These are stages that help you when you are developing and
troubleshooting parallel jobs. Examples are the Peek and Row Generator stages.
Database: These are stages that read or write the data in a database. Examples of
database stages are the Oracle Enterprise and DB2/UDB Enterprise stages.
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Real Time Processing Stages: These are the stages that allow Parallel jobs to be made
available as real time services. They comprise the source and target stages. These are part
of the Web Services package. Examples are XML pack and Java pack.

4.1.1 File Stages
4.1.1.1 Sequential File Stage

Figure 4.1: Sequential File

The Sequential File stage is a file stage. This allows you to read data from or
write data one or more flat files. The stage can have a single input link or a single output
link, and a single rejects link.

The stage executes in parallel mode if reading multiple files but executes
sequentially if it is only reading one file. By default a complete file will be read by a
single node (although each node might read more than one file). The stage executes in
parallel if writing to multiple files, but executes sequentially if writing to a single file.
Each node writes to a single file, but a node can write more than one file.

4.1.1.2 Dataset Stage

Figure 4.2: Dataset Stage
The Data Set stage is a file stage. It allows you to read data from or write data to a
data set. The stage can have a single input link or a single output link. It can be
configured to execute in parallel or sequential mode.
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DataStage parallel extender jobs use data sets to manage data within a job. The
Data Set stage allows you to store data being operated on in a persistent form, which can
then be used by other DataStage jobs. Data sets are operating system files, each referred
to by a control file, which by convention has the suffix .ds. Using data sets wisely can be

key to good performance in a set of linked jobs.

4.1.1.3 Lookup File Set Stage

|
-
T
Figure 4.3: Lookup File Stage
The Lookup File Set stage is a file stage. It allows you to create a lookup file set
or reference one for a lookup. The stage can have a single input link or a single output

link. The output link must be a reference link. The stage can be configured to execute in

parallel or sequential mode when used with an input link.

4.1.2 Processing Stages
4.1.2.1 Aggregator Stage

Figure 4.4: Aggregator Stage
The Aggregator stage is a processing stage. It classifies data rows from a single
input link into groups and computes totals or other aggregate functions for each group.
The summed totals for each group are stored in output stage.
The aggregator stage gives access to grouping and summary operations. One of
the easiest ways to expose patterns in a collection of records is to group records with
similar characteristics, then compute statistics on all records in the group. These statistics

can be used to compare properties of the different groups.
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4.1.2.2 Join Stage

Figure 4.5: Join Stage

The Join stage is a processing stage. It performs join operations on two or more
data sets input to the stage and then outputs the resulting data set. This stage can have any
number of input links but only one output link.

In Join Stage the input datasets are identified as Left, Right and Intermediate data
sets. The Join stage can perform four types of operations on the input links, they are Inner
Join, Left Outer Join, Right Outer Join and Full Outer Join.

The Input datasets to the Join stage must be sorted and key partitioned, this
ensures that the records with the same key column values will be transferred to the same
partition and will process on one node only. For sorting of the records the Join stage uses
the Scratch disk. Make sure the size of the scratch disk is sufficient to store the data.

4.1.2.3 Merge Stage

Figure 4.6: Merge Stage

The Merge stage is a processing stage. It can have any number of input links, the
input links are called as Master link and Update links. It can have a single output link,
and the same number of reject links as there is number of update links. The input datasets
are called as Master Dataset and Update dataset.

The columns of the Master and Update datasets are combined, so as the output
link have all the columns from Master and Update links. The records from Master and
Update links are merged when both the records are having the same key columns. Same
as Join stage, here the input records must be key partitioned and sorted, so that the input
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records with the same column names will end up in same partition and be processed on

the same node.

4.1.2.4 Lookup Stage

Figure 4.7: Lookup Stage

The Lookup stage is a processing stage. It is used to perform lookup operations on
a data set read into memory from any other Parallel job stage that can output data.

The Lookup stage can have a reference link, a single input link, a single output
link, and a single reject link. Depending upon the type and setting of the stage providing
the look up information, it can have multiple reference links (where it is directly looking
up a DB2 table or Oracle table, it can only have a single reference link). A lot of the
setting up of a lookup operation takes place on the stage providing the lookup table.

For each record of the source data set from the primary link, the Lookup stage
performs a table lookup on each of the lookup tables attached by reference links. In the
stage editor a condition can be specified on each of the reference links, such that the stage
will only perform a lookup on that reference link if the condition is satisfied.

The three stages (Join, Merge and Lookup) differ mainly in the memory they use,
the treatment of rows with unmatched keys, and their requirements for data being input

(for example, whether it is sorted).

4.1.2.5 Sort Stage

Figure 4.8: Sort Stage
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The Sort stage is a processing stage. It can have one Input link and one Output
link. In the stage editor page of sort stage sorting keys are specified. These keys are used
to perform the sort on the specified column. There are two types of keys, they are
Primary key and Secondary key. The column you specify first as a key to the stage is the
primary key. After specifying the primary key you can specify different columns as keys.
These are called as secondary keys. The data will be first sorted according to the primary
key, and if multiple records matches with the same primary key values, then it is sorted
according to the secondary key.

The output of the sort stage is highly dependent on the type of the job you are
running (Sequential or Parallel) and on the partitioning mechanism you used. If you
specify the job to be run sequentially then whole data will be sorted, but if you specify
parallel then data will be sorted for each partition and will be passed through the output
link.

The sort stage uses the temporary disk space for performing the sorting operation.
For that case this uses the following locations in the following order, they are:

1. Scratch disks in the disk pool sort (you can create these pools in the configuration
file).

2. Scratch disks in the default disk pool (scratch disks are included here by default).

3. The directory specified by the TMPDIR environment variable.

4. The directory: /tmp.

4.1.2.6 Funnel Stage

Figure 4.9: Funnel Stage
The Funnel stage is a processing stage. It copies multiple input data sets to a
single output data set. This operation is useful for combining separate data sets into a
single large data set. The stage can have any number of input links and a single output
link.
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The Funnel stage operates in one of following three ways, for which all the input
data sets must have the same metadata. They are:
Continuous Funnel: In this type there is no guaranteed order for combining the records.
This takes one record from each input link. If data is not available on one input link, the
stage skips to the next link.
Sort Funnel: This combines the input records in the order defined by the value(s) of one
or more key columns and the order of the output records is determined by these sorting
keys.
Sequence Funnel: This copies all records from the first input data set to the output data
set, then all the records from the second input data set, and so on.

4.1.2.7 Copy Stage

Figure 4.10: Copy Stage

The Copy stage is a processing stage. It can have a single input link and any
number of output links. The Copy stage copies the input data source to the any number of
output targets. The input data set can be copied as it is, or you can make the changes to
the dataset such as changing the order of the columns or dropping columns which are not
required.

The only property that you must set in Copy stage when you are copying from a
single source to single stage is that Force property to TRUE. This prevents DataStage
from deciding that the Copy operation is superfluous and optimizing it out of the job.
How ever for a single source to multiple destinations there is no need to set the Force

property.
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4.1.2.8 Filter Stage

Figure 4.11: Filter Stage

The Filter stage is a processing stage. It can have a single input link and any
number of output links and, optionally it can have a single reject link.

The name itself states that Filter stage filters the input data records. The Filtering
is based on the conditions specified, for each output link. You can specify different
conditions for different output links. The records which satisfy the condition will output
to the target stage. The records which do not satisfy the requirements can be output to the
reject link specified. You can specify the condition to be on an input column also.

The operation of the filter stage is governed by the expressions you set in the
Where property on the Properties Tab. The elements that can be used to specify the
conditions are:

* Input columns.

* Requirements involving the contents of the input columns.

* Optional constants to be used in comparisons.

* The Boolean operators AND and OR to combine requirements.

=

Figure 4.12 Switch Stage

4.1.2.9 Switch Stage

The Switch stage is a processing stage. It can have one input link and output links
up to 128 and a single reject link.

The Switch stage takes each input record and assigns it to an output data set based
on the value of a selector field. The Switch stage performs same as the Switch statement
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in C language, which causes the flow of control in a C program to branch to one of
several cases based on the value of a selector variable. As same as default case, here the
records which do not satisfy any of the conditions will be transferred to reject link.

In the Switch stage you specify on which column the Selector variable should
apply by specifying a column name, and you can specify cases, for what condition the
input record should be transferred to what output link.

4.1.2.10 Change Capture Stage

Figure 4.13: Change Capture Stage

The Change Capture stage is a processing stage. It can have two input links and
one output link.

The two input links that are input to the Change Capture stage denoted as before
and after datasets, and the output represents the changes made to the before dataset to
obtain the after dataset. The stage produces a change data set, whose table definition is
transferred from the after data set’s table definition with the addition of one column: a
change code with values encoding the four actions: insert, delete, copy, and edit.

The compare is based on a set a set of key columns, rows from the two data sets
are assumed to be copies of one another if they have the same values in these key
columns. If the two input records have the same key values then you can check whether
one is the edited copy of the other.

The input data must be key partitioned and must be in ascending order. For
sorting the input data you can use sort stage in between Change capture stage or you can
inbuilt sorting function in inputs partitioning tab of input dataset.
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4.1.2.11 Change apply stage

[

Figure 4.14: Change Apply Stage

The Change Apply stage is a processing stage. It can have two input links and one
output link.

This takes the change data set, that contains the changes in the before and after
data sets, from the Change Capture stage and applies the encoded change operations to a
before data set to compute an after data set. The before input to Change Apply must have
the same columns as the before input that was input to Change Capture, and an automatic
conversion must exist between the types of corresponding columns. The change input to
Change Apply must have been output from Change Capture without modification. The
Change Apply stage reads a record from the change data set and from the before data set,
compares their key column values, and acts accordingly.

4.1.2.12 Remove Duplicates Stage

Figure 4.15: Remove Duplicates Stage

The Remove Duplicates stage is a processing stage. It can have a single input link
and a single output link.

The Remove Duplicates stage takes a single sorted data set as input, removes all
duplicate rows, and writes the results to an output data set. Two rows are considered
duplicates if they are adjacent in the input data set and have identical values for the key
columns. Key columns are any columns you designate for determining two rows are

identical. The data set input to the Remove Duplicates stage must be sorted so that all
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records with identical key values are adjacent. This can be accomplished by inserting a
sort stage between Remove duplicates stage and the input dataset or by using the sort
facilities available on the Inputs page Partitioning tab.

4.1.2.13 Compress Stage

Figure 4.16: Compress Stage

The Compress stage is a processing stage. It can have a single input link and a
single output link.

The Compress stage uses the UNIX compress or GZIP utility to compress a data
set. It converts a data set from a sequence of records into a stream of raw binary data. A
compressed data set is similar to an ordinary data set and can be stored in a persistent
form by a Data Set stage. However, a compressed data set cannot be processed by many
stages until it is expanded, that is, until its rows are returned to their normal format.
Stages that do not perform column-based processing or reorder the rows can operate on
compressed data sets. As compressing a data set removes its normal record boundaries,

the compressed data set must not be repartitioned before it is expanded.

4.1.2.14 Expand Stage

Figure 4.17: Expand Stage
The Expand stage is a processing stage. It can have a single input link and a single
output link.
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The input to the Expand stage must be the data that is compressed previously by
the Compress stage. The Expand stage uses the UNIX uncompress or GZIP utility to
expand a data set. It converts a previously compressed data set back into a sequence of

records from a stream of raw binary data.

4.1.2.15 Encode Stage

=

—

—

e —

Figure 4.18: Encode Stage

The Encode stage is a processing stage. It can have a single input link and a single
output link.

It encodes a data set using a UNIX encoding command, such as gzip, that you
supply. The stage converts a data set from a sequence of records into a stream of raw
binary data. As same that of Compress stage output, an encoded data set is similar to an
ordinary one, and can be written to a data set stage. You cannot use an encoded data set

as an input to stages that performs column-based processing or re-orders rows.

4.1.2.16 Decode Stage
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Figure 4.19: Decode Stage
The Decode stage is a processing stage. It can have a single input link and a single
output link.
The input to the decode stage must be the output of the Encode stage. It decodes a
data set using a UNIX decoding command, such as gzip, that you supply. It converts a
data stream of raw binary data into a data set.
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4.1.2.17 Difference Stage
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Figure 4.20: Difference stage

The Difference stage is a processing stage. It can have two input links and one
input link.

The two input datasets are designated as before and after data sets. The Difference
stage outputs a single data set whose records represent the difference between them. The
comparison is performed based on a set of difference key columns. Two records are
copies of one another if they have the same value for all difference keys. If two records
have identical key columns, you can compare the value columns to see if one is an edited
copy of the other.

The stage assumes that the input data sets have been key-partitioned and sorted in
ascending order on the key columns you specify for the Difference stage comparison.
You can achieve this by using the Sort stage or by using the built in sorting and
partitioning abilities of the Difference stage.

4.1.2.18 Compare Stage

Figure 4.21: Compare Stage

The Compare stage is a processing stage. It can have two input links and a single
output link.

The Compare stage performs a column-by-column comparison of records in two
presorted input data sets. You can restrict the comparison to specified key columns. The
Compare stage does not change the table definition, partitioning, or content of the records
in either input data set. It transfers both data sets intact to a single output data set

generated by the stage. The comparison results are also recorded in the output data set.
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The stage outputs a data set with three columns:
e Result: Carries the code giving the result of the comparison.
e First: A sub record containing the columns of the first input link.

e Second: A sub record containing the columns of the second input link.

4.1.2.19 Transformer Stage

Figure 4.22: Transformer Stage

The Transformer stage is a processing stage. Transformer stages allow you to

create transformations to apply to your data. These transformations can be simple or

complex and can be applied to individual columns in your data. Transformations are

specified using a set of functions.

The set of functions can be divided into groups based on the type of work they do.

They are

Date and Time Functions: These functions deal with the date and time details. For
example Calculating the Days from the given date, calculating the duration from
given time.

Logical Functions: These are logical functions which will be applied on sets of
data. These include AND, OR, NOT etc.,.

Mathematical Functions: These functions deals with mathematical operations on
data. Examples are COS, SIN, EXP, LOG etc.,.

Null Handling Functions: These deals with null properties of data. Examples are
ISNull, IsNotNull etc.,.

Number Functions: These are applied on Numbers. Examples are Mantissa from
Decimal, Mantissa from Float.

String Functions: These deals with the String properties. Examples are len,

compare etc.,.
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e Type Conversion Functions: These are used to convert the format of the data.
Examples are Decimal to float, String to Date etc.,.

e Utility Functions: Apply on the jobs information. Examples are Get Environment
Variables.

4.1.2.20 FTP Stage
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Figure 4.23: FTP Stage

The Ftp stage is a processing stage. It can have either an input link, or it can have
an output link.

The FTP Enterprise stage transfers multiple files in parallel. These are sets of files
that are transferred from one or more FTP servers into DataStage or from WebSphere
DataStage to one or more FTP servers. The source or target for the file is identified by a
URI (Universal Resource Identifier). The FTP Enterprise stage invokes an FTP client

program and transfers files to or from a remote host using the FTP Protocol.

4.1.2.21 Pivot Stage

Figure 4.24: Pivot Stage
Pivot Enterprise stage is a processing stage. This stage pivots data horizontally.
The pivot stage maps a set of columns in an input row to a single column in multiple
output rows. This type of mapping operation is known as horizontal pivoting. The data
output by the pivot stage usually has fewer columns, but more rows than the input data.
You can generate a pivot index that will assign an index number to each row with a set of
pivoted data.
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4.1.2.22 Slowly Changing Dimension
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Figure 4.25: SCD Stage

The Slowly Changing Dimension (SCD) stage is a processing stage that works
within the context of a star schema database. The SCD stage has a single input link, a
single output link, a dimension reference link, and a dimension update link. The SCD
stage reads source data on the input link, performs a dimension table lookup on the
reference link, and writes data on the output link. The output link can pass data to another
SCD stage, to a different type of processing stage, or to a fact table. The dimension
update link is a separate output link that carries changes to the dimension.

4.1.3 Restructuring Stages
4.1.3.1 Column Import Stage

Figure 4.26: Column Import Stage

The Column Import stage is a restructure stage. It can have a single input link, a
single output link and a single rejects link.

The Column Import stage imports data from a single column and outputs it to one
or more columns. You would typically use it to divide data arriving in a single column
into multiple columns. The data would be fixed-width or delimited in some way to tell
the Column Import stage where to make the divisions. The input column must be a string
or binary data, the output columns can be any data type. You can optionally save reject
records, that is, record whose import was rejected, and write them to a rejects link. In
addition to importing a column you can also pass other columns straight through the

stage.
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4.1.3.2 Column Export Stage

Figure 4.27: Column Export Stage
The Column Export stage is a restructure stage. It can have a single input link, a single
output link and a single rejects link.

The Column Export stage exports data from a number of columns of different
data types into a single column of data type string or binary. It is the complementary
stage to Column Import. The input data column definitions determine the order in which
the columns are exported to the single output column. Information about how the single
column being exported is delimited is given in the Formats tab of the Inputs page. You
can optionally save reject records, that is, records whose export was rejected. In addition

to exporting a column you can also pass other columns straight through the stage.

4.1.4 Development/Debug Stages

4.1.4.1 Peek Stage
o]

Figure 4.28: Peek Stage

The Peek stage is a Development/Debug stage. It can have a single input link and
any number of output links.

The Peek stage lets you print record column values either to the job log or to a
separate output link as the stage copies records from its input data set to one or more
output data sets. The Peek stage can be helpful for monitoring the progress of your
application or to diagnose a bug in your application.
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4.1.4.2 Row Generator Stage
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Figure 4.29: Row Generator Stage
The Row Generator stage is a Development/Debug stage. It has no input links,
and a single output link.
The Row Generator stage produces a set of mock data fitting the specified meta
data. This is useful where you want to test your job but have no real data available to
process. The meta data you specify on the output link determines the columns you are

generating.

4.1.5 Database Stages
4.1.5.1 DB2_UDB_Enterprise stage

Figure 4.30:DB2 stage
The DB2/UDB Enterprise stage is a database stage. It allows you to read data
from and write data to a DB2 database. DB2 databases distribute data in multiple
partitions. DataStage can match the partitioning as it reads or writes data from/to a DB2
database. The DB2/UDB Enterprise stage can have a single input link and a single output

reject link, or a single output link or output reference link.
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4.1.6 Real Time Processing Stages

4.1.6.1 Java Transformer Stage

Figure 4.31: Java Transformer Stage
The Java Transformer stage is an active stage. Use it to call a Java application that
transforms data from an input link and writes the data to an output link in a job.
The Java Transformer Stage can have an input link and one output link, and can
have a one optional reject link for writing the rejected rows and erroneous data. The class
file specified at the Java transformer stage applies on the input data, and gives the output.

4.1.6.2 XML Transformer Stage
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Figure 4.32: XML Transformer Stage
XML Transformer stage is a Real Time Processing stage. It can have one input
link, optionally one output link. The XML Transformer is used to convert XML
documents to another XML hierarchical format.
The major features of XML Transformer include:
e Generating multiple documents from the same input.
e XML schema validation.
e Robust error handling.
e Support for writing to disk or to an output link.
e Validation of XML input.
e Adherence to XSLT standard style sheets.
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Chapter 5
DataStage Stage Jobs

Introduction

This Chapter discusses about the Software and Hardware configurations of the
System that is used in the analysis of the DataStage and the Stage jobs.

5.1 Motivation

Consider the situation where a single user running a simple job on DataStage, the
job executes successfully. But consider running job with more number of users, more
number of jobs to be executed on DataStage at the same time, then there will be
situations where the job may gets aborted because of lack of resources.

If you know the resources required by the jobs, before running the jobs, then there
will be less number of situations where job gets aborted, rather than working blindly.
This calculation of the required resources will be done in two steps. One way is that get
the file which contains the required resources information. Install the file with the
DataStage product installation. The second way is to develop a tool which takes the input
from the user about the information of the job and then gives the required resources to

run the job successfully.

5.2 Parameters used in Analysis

This project is about developing the file which contains the resources required for
each stage. This is done with one stage, input and output stages. Calculate the resource
usage of the job. The resources that calculated are memory usage, processor usage, disk
usage, database usage of the job, time taken to run the job. Processor usage, memory
usage, and disk usage of the job are calculated from Performance monitor. The time taken
to run time can be further divided as production run time and start up time. Startup time is
the time taken to start the actual execution of the job. Production run time is the time
taken to execute the job. The Total time taken to run the job is sum of the production run
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time, start up time and the overhead. The time values are calculated from the Run
Director of the DataStage.

5.3 Configuration details

The Hardware and Software that is used in the analysis of the DataStage is given
below.
5.3.1Hardware Information

The following lists the Hardware configuration that is used in the Analysis of the

DataStage.
System Manufacturer : IBM
System Model . IBM x3850-[88632SA]
Processor . Intel® Xeon™ MP CPU 3.66GHz
Number of CPU’s : 8
Memory : 4GB

5.3.2Software Information
Operating System : Microsoft Windows Server 2003 Enterprise Edition
DataStage : IBM Information Server DataStage version: 8.1

5.4 Jobs
5.4.1 Copy Stage Job
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Figure 5.1: Copy stage job
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This job copies the input data file to the three files. You can map the required
columns to the output by using the mapping tab of output tab in Copy stage.
The results of the Copy stage run with 8 nodes and 1 node are collected.

5.4.2 Aggregator Stage Job

Figure 5.2: Aggregator stage job
The Aggregator job takes the input data file, and aggregates the data

according to the Grouping keys, and computes the aggregate functions for each group.
The data first will be grouped based on the first grouping key, and then groups it
according to second grouping key, and does the grouping operations.

This job groups the input data according to two key columns, and computes the
standard deviation of the third column.

The results of Aggregator job run with 8nodes and 1nodes with one and two
grouping keys is collected.
5.4.3 Join Stage Job

Figure 5.3: Join stage job
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This Join job performs join operation on two input data sets that are input to the
stage and then outputs the resulting data set.

The job takes the two input datasets as the left and right input datasets. This
ordering of the input datasets can be changed by editing ordering at stage properties link
ordering tab. This stage uses one key column to match the input records. The output
column ordering can be changed at mapping tab of the output tab of stage properties tab.

This Join stage uses the Scratch disk for storing the input data before it starts
sorting of the data. This stores the input data because it has to sort the input records
before it starts joining. So for the files which are bigger in size the user must take care
about the sufficient size of the disk space should be there. If there is no sufficient space
on the disk then the job will be aborted.

The results of the Join stage run with 8nodes and 1 node, with Inner join and Left
Outer join are collected.

5.4.4 Merge Stage Job

I Sequential_File_1 Qut_Sequential File
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Figure 5.4: Merge stage job
This Merge stage takes the input data from two input data sets, merges based on
the input column matching, the records which are not matched will be sent to the Reject
link.
The two input datasets are called as Master input and update input dataset. The
Master records are matched against the update file, and the records are matched based on
the one key column. The records which are matched will send to the Master output link,
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and the records from the update link which are not matched will be send to the update
reject link. The order of the master, update, master output and update reject links cab be
changed at the link ordering properties of stage properties of the stage.

The results of the Merge Stage run with 8 nodes and 1 node are collected.
5.4.5 Lookup Stage Job
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Figure 5.5: Lookup stage job

The Lookup Stage takes the two datasets as input, and lookup the input data set
with the reference data set, stores the records with specified constraints in output file, and
the records which does not match to the reject file.

This Lookup stage job has two input links which are referred to as primary link
and lookup link. The ordering of the links cab changed at the link ordering tab of the
stage properties tab. This stage matches the records of the primary file with the lookup
file records. The records which are matched will send to the output put file, and the
records which do not match will be send to the reject file. This stage must be run with
smaller number records compare to that of the merge and join stages.

The results of Lookup stage run with 8 nodes and 1 node are collected.
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5.4.6 Funnel Stage Job

Figure 5.6: Funnel stage job

This job copies the four input data sets to the one output data set by matching the
key columns.

This Funnel stage has four input links. In this all the data from the four input links
will be stored in the output file. This Funnel stage is of three types, Continuous funnel in
which one record from each file will be taken and send to the output link, if the records in
one file complete then from next round it skips that file. In Sorted funnel the copy is
based on the sorted keys defined, based on these keys the copying takes place. In
Sequential funnel all the records from one file are copied first and then from the second
and so on.

The results of the Funnel stage with the 8nodes and 1node with threes types of

funnel stage are collected.
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5.4.7 Sort Stage Job
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Figure 5.7: Sort stage job

This Sort stage sorts the input data set based on the primary key and secondary
keys.

This Sort stage job has one input link having six columns. The stage sorts the data
by using four key columns. The first column is the primary key column. If the two
records matches on the primary key column, they will be sorted based on the secondary
key column. If they match on the secondary column also they will be matched against the
third column etc. In this you can also give ascending or descending order of sorting for
each key column. You can also give the option on this stage as to allow duplicates or not.
Partitioning and collecting of the records can be edited at the partitioning tab of the stage
properties.

The results of the Sort stage run with 8 nodes and 1 node with 1key and 2 keys are
collected.

5.4.8 Transformer Stage Job
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Figure 5.8: Transformer stage job
The Transformer Stage takes the input data and applies the transform functions on
the data.
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In the Transformer stage there are many functions which can be applied on the
input records. These functions are grouped into 8 groups. The results of each group are
displayed below.

There are 110 functions in transformer stage, which are grouped to 8 stages and

the results for each group with 8nodes, 4nodes, 2nodes and 1node are collected.

5.4.9 Change Capture Stage Job
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Figure 5.9: Change Capture stage job

This job gives the output, which contains the data that is used to obtain the input
after data set from that of the before dataset.

The Change capture takes the two input datasets. These input datasets are called
as before and after datasets. These are checked against the key column to get the file from
which the after data set is obtained. In this stage for the key column it can have the
sorting order also.

The results of Change capture stage run with 8 nodes, 4 nodes, 2 nodes and 1

node are collected.
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5.4.10 Change Apply Stage Job

Figure 5.10: Change Apply stage job

Change apply stage takes the output of the Change capture stage and before data
set as the input and gives the after dataset as the output.

If the before dataset, change capture stage input data set are those which are used
in Change capture stage then you will get the output as the after stage in the change
capture stage. The Change apply stage takes a key column and then matches the before
dataset against the change capture output file to give the after dataset.

The results of Change Apply stage run with 8 nodes, 4 nodes, 2 nodes and 1 node
are collected.

5.4.11 Filter Stage Job

Figure 5.11: Filter stage job

This job filters the input columns according the constraints and outputs the data of

each constraint to each link.
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In this Filter stage, the output is based on the where clauses that are given in filter
stage. The records which matches to the where clause will be sent to the particular output
dataset. There are as many as output data files as the where clauses.

The results of filter stage run with 8 nodes, 4 nodes, 2 nodes and 1 node are
collected.

5.4.12 Remove Duplicates Stage Job
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Figure 5.12: Remove Duplicates stage job
This job removes the duplicates from the input dataset based on the key columns.
If the key column matches it considers the two records as the duplicates records and send
only one record to the output stage.
The results of the Remove duplicate stage with 8 nodes, 4 nodes, 2 nodes and 1
node are collected.
5.4.13 Switch Stage Job
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Figure 5.13: Switch stage job
This job takes the input record applies on the case statement. The records which
match the case statement will send to the particular link associated.
In this Switch stage, for the given column name, if the records with the given
condition matches they will send to the particular link. You can define the ordering of the
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links in link ordering tab of stage properties page, and the partitioning and/or combining

at the stage pages.
The results of the Switch stage run with 8 nodes, 4 nodes, 2 nodes and 1 node are

collected.
5.4.14. Column Import Stage Job

Figure 5.14: Column Import stage job

This job imports one column from the input dataset and outputs it to the output

dataset.
In the column import stage properties tab you can give which column to import.
The options are want to keep the imported column in the output dataset or to drop it, and

the reject mode of the data.
The results of the Column Import stage run with 8 nodes, 4 nodes, 2 nodes and 1

node are collected.
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5.4.15 Slowly Changing Dimension Stage Job

Figure 5.15: Slowly Changing Dimension stage job
This job takes the data from the input file and dimension reference table, and
writes the data to the output link, and the updates to the reference table are written to the
dimension update table.
The results of slowly changing dimension stage run with 8 nodes, 4 nodes, 2
nodes and 1 node are collected.
5.4.16 Pivot Stage Job

Figure 5.16: Pivot stage job

This job maps three columns in an input row to a single column in multiple output
rows.

This job takes a six column input data set, and combines the three columns to on
column using the pivot stage with a delimiter between the columns. This pivoting will be

performed in pivot properties tab of pivot stage properties, by specifying the derivation.
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The results of the pivot stage run with 8 nodes, 4 nodes, 2 nodes and 1 node are

collected.
5.4.17 FTP Stage Job
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Figure 5.17: FTP stage job

This FTP stage job has an input link, keeps the data from the input data set on the
destination machine.

In the FTP stage properties you have to give the URI, which is the destination file
path. The path must be correct and valid, otherwise the job gets aborted. The options in
this stage are that you can select ftp or secure ftp transfer. The username and password
must be given.

The results of FTP stage with 8 nodes, 4 nodes, 2 nodes and 1 node are collected.

5.4.18 Row Generator Stage Job

Row_Generataor Out_DBZ LIDB_Enterprize

Figure 5.18: Row Generator stage job
This job generates one column of mock data according to the file definition given.
In the stage properties you can edit the number of records to be generated. In the row
properties you can edit how the rows should be generated cyclic or randomly. And the

seed value, increment value, limit etc. The constraints can be number of records, number

of columns, starting value etc.
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The results of Row generator stage run with 8 nodes, 4 nodes, 2 nodes and 1 node
are collected.

5.4.19 Peek Stage Job

Figure 5.19: Peek stage job

This job copies the input dataset to the output data set, and record column values
to the other dataset.

In the job running process, if you want to know the processing of the records you
can keep this stage in between the stages. So that user can view the processing details.
The job log can be sent to the director or to a stage to store the details. This job is used in
monitoring the job.

The results of Peek stage run with 8 nodes, 4 nodes, 2 nodes and 1 node are
collected.
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5.4.20 Difference Stage Job

Figure 5.20: Difference stage job

This job takes the two input datasets, compares the two datasets with their key
column values, and outputs the data having the two dataset records and the difference
between the key columns.

The results of the Difference stage run with 8 nodes, 4 nodes, 2 nodes and 1 node

are collected.

5.4.21 Compress Stage Job

Figure 5.21: Compress stage job

This job takes the input data from the database stage, and compresses it using the
default command of DataStage which is compress, and the data is stored in a Dataset.
This job uses the Runtime column propagation option, so that no need to give the table
definitions, DataStage at run time generates the table definitions. As the target stage is the

Dataset stage, you are not able to find the size of the output data, number of output
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records, and output number of columns. The results of the Compress stage run with the 8
nodes, 4 nodes, 2 nodes and 1 node are collected.

5.4.22 Expand Stage Job

Figure 5.22: Expand stage job
This job takes compressed data, which is the output of the compressed stage as
the input and applies the DataStage’s default command decompress to expand the
compressed data. This job uses the Runtime column propagation for defining the
metadata of the table. As Dataset stage is used as the source dataset, you will not get the
number of input records, number of input columns etc. The results of the Expand stage
run with 8 nodes, 4 nodes, 2 nodes and 1 node are collected.

5.4.23 Compare Stage Job

Figure 5.23: Compare stage job
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This job takes the two input datasets from the DB2 database, compares the two
input datasets by using key columns. The output contains three columns, one is the result
column which gives the comparison result of two datasets that the two datasets notified
with first and second, and the remaining two are the two input datasets. The stage uses
the Runtime propagation for defining the table definitions. As the target stage is the
Dataset stage, we are not able to calculate number of output records, number of output
columns etc.

The result of the Compare stage run with 8 nodes, 4 nodes, 2 nodes and 1 node

are collected.

5.4.24 Encode Stage Job
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Figure 5.24: Encode stage job
This stage takes the input dataset using the DB2 database stage, and encodes it.
The output data is stored in a persistent data set. This stage uses the Runtime column
propagation option for defining the table definitions. As the target stage is dataset stage
you are not able to get the number of output records, number of output columns and the
output file size.
The results of the Encode stage run with 8 nodes, 4 nodes, 2 nodes and 1 node are

collected.
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5.4.25. Column Export Stage Job
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Figure 5.25: Column Export stage job
This job takes the input data from the DB2 stage, combines three input columns
into one output column. The output data is stored in database. The exported column is of
type String. The results of the Column export stage run with 8 nodes, 4 nodes, 2 nodes
and 1 node are collected.

5.4.26 Java Transformer Stage Job
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Figure 5.26: Java Transformer stage job

This job applies the java file in Java transformer stage on the input data file, and
store the result in the output file.

In this Java transformer stage you should give the class file name in general tab of
the stage properties. The values of variables should be given in properties tab of the stage
properties.

For running this stage, it requires JVM. For setting up the JVM environment
define DATASTAGE_JRE, DATASTAGE_JVM, DSHOME environment variables in
administrator.

The results of Java Transformer stage run with 8 nodes, 4 nodes, 2 nodes and 1
node are collected.
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With this, Part-1, Statistical Data Collection and Analysis of the DataStage is
completed. Part-2 discusses about Database Explorer and, Extending Teradata database to
the Database Explorer.
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PART-2
Database Explorer
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Chapter 6

Introduction to Database Explorer

Introduction

This Chapter discusses about the Database Explorer, operations performed on the

Database Explorer.
6.1 Database Explorer

Database Explorer is tool which enables the users to connect to multiple databases
from the single application. This tool is developed by IBM Corporation. By using
Database Explorer we can connect to different databases they are Oracle, Sybase,
SQLServer, DB2, Informix etc.

In general for connecting to different database you need to open each window to
connect to it. With out having each window opened for each database, by using the
Database Explorer to all the databases from the single window. This Database Explorer
has Graphical user interface. So for the end user also it is easy to use the Database
Explorer.

The Database explorer is developed using the Java language. Swings and the
JDBC connections are used to develop this Database Explorer. Swings API is used to
develop the front end, and JDBC API is used to connect to the databases and do SQL
operations on the databases. These SQL operations are performed on the metadata of the
databases rather than the tables of the database directly. This metadata of the database is
called as the data dictionary.

The Database Explorer retrieves the data from the database and displays it in a
window. This data includes tables in database, indexes, triggers, users, and views etc. All
this data that has been retrieved will be displayed in a tree format.
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6.2 Operations performed on Database Explorer

The typical operations that are performed on a normal database can be performed
on Database Explorer. The operations performed are on tables, users, indexes, triggers
and stored procedures.

The operations performed on table create table, drop table, update table, view
table metadata, copy table metadata. Creating table using the metadata of another table.
This can be performed by copying one table metadata and use the copied information to
create another table.

The functions performed on the users are view metadata of the user, which gives
the user id, user privileges, and roles of the user.

The functions on the indexes like create index, view metadata of the index.

The operations that are performed on the triggers are creating triggers, view
metadata of the trigger, drop the trigger.

The functions that are performed on the stored procedures are create stored

procedures are create stored procedure, view stored procedure.
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Chapter 7

Extending Teradata database to Database Explorer

Introduction

The Database Explorer supports many databases, but it does not suppors the
Teradata Database. The Teradata database is extended to the Database Explorer using the
database Data Dictionary of the Teradata Database.

This chapter describes about what is Teradata Database, What is Data Dictionary,

Extending the Teradata Database to the Database Explorer.

7.1 Teradata Database

The Teradata Database is a complete relational database management system
developed by NCR Teradata Corporation. With the Teradata RDBMS, you can access,
store, and operate on data using Teradata Structured Query Language (Teradata SQL).

The Teradata RDBMS was developed to allow users to view and manage large
amounts of data as a collection of related tables. The Teradata Database’s capacity
includes Terabytes of detailed data stored in billions of rows. The parallel processing

power of this database makes it faster in executing the queries.

7.2 Data Dictionary

The Data Dictionary (DD) is the system catalog for a database. It contains
metadata: table, view and index definitions, parameters and attributes of macros and
stored procedures, resource usage statistics, and much more. The DD is a system database
repository containing data about user databases and properties of those databases. When a
data definition statement is processed, the system tables are updated automatically.

The Teradata Database Data Dictionary is composed of tables and views that
reside in the system database called DBC. These tables and views are reserved for use by
the system and contain information about the system’s associated data. Data Dictionary
system tables include current definitions, control information, and general information

about the following: Databases, Roles, Profiles, Accounts, Tables, Views, Columns,
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Indexes, Constraints, Triggers, Access Rights, Disk space, Events, Resource Usage,
Stored Procedures.
When a table is created, the complete data definition is stored in the Data Dictionary
along with the following details:
e Table location, identification, database name, table name, creator name,
version, database name, and user names of all owners in the hierarchy.
e Each column in the table, including column name, data type, length, and
phrases.
e User/creator access privileges on the table.
e Indexes defined for the table.
e Constraints defined for the table.

e Date and time the object was created.

When a view or macro is created, the definition of the object is stored in the Data
Dictionary, along with the following details:
e The text of the view or macro.
e Creation time attributes.
e User and creator access privileges on the view or macro.

When a user creates a stored procedure, the following details are automatically
entered in the Data Dictionary:

e Creation time attributes of the stored procedure.

e Parameters of the stored procedure, including parameter name, parameter
type, data type, and default format.

e User and creator access privileges on the stored procedure.

7.3 Querying the Teradata Data Dictionary

By applying the queries on the Database Data dictionary, the user can retrieve the
data from the database. The example of this query is given below.

SELECT DatabaseName, CreatorName, OwnerName, PermSpace ROM
DBC.Databases ;
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The result is all the databases in the Teradata Database would be listed, as shown

below:

DatabaseName CreatorName OwnerName PermSpace
pers SYSADMIN SYSADMIN 500,000
Accounting? Jacobs Vettes 250,000
SQLDBA DBC SYSADMIN 150,000
abc123 SYSADMIN SYSADMIN 1,460,000
PERSONNEL SYSADMIN SYSADMIN 1,500,000
Accountingl Hillstein Vettes 500,000
Testl SYSADMIN Testl 1,000,000

Jane Jane Testl 500,000

7.4 Extending Teradata database to Database Explorer

By using Teradata database Data Dictionary that is metadata of the Teradata
database, the Database Explorer can be extended. The Database Explorer retrieves the
data from the remote or local database and it displays in the window.

So in extending the Teradata database support to the Database Explorer, by using

the metadata of the database the data which is required will be retrieved.
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7.5 Screen shots: Teradata extension to Database Explorer

This is the Home page of the Database Explorer. This contains the Menu bar containing
the File, Edit, View, Data Source, Command, Window and Help options.

% Database Explorer

File  Edit iew  DataSource  Comrmand  Window  Help

| £ pBERpIOrer

[ Data Source|

Ready (] Autocommit

Figure 7.1: Home page of Database Explorer
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To add a Data Source to the Database Explorer right click on the Data Source item in the
window. It gives the button Add Data Source. Click on the Add Data Source button to
add a data source to the Database Explorer.

"@'Database Explorer

File Edit  ¥iew  DataSource  Command  Window  Help

DBEzplorer
[y pata ¢

Add Data Source I!EI Autocoemmit

Figure 7.2: Add Data Source
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On clicking the button Add Data Source, an Add Database dialogue box appears in the
Main window. Enter the Details of Data Source that is to be added to the Database

Explorer. The details includes Database name, Server Type and Database URL. Then

click on the add button to add the Data source to the Database Explorer.

o |

File  Edit  ‘iew  DataSource  Command

Window  Help

DBExplor

D Diata Source

Add Database ]
[ratabase Hame: FTeradata
Sener Type | “Tera_data v-|
Senrer Name [URL] [jdbc:teradata:.ﬁ’.ﬁ’bocatera
User Information—
User [ f
P asaward I
| Add | | Cloze | | Advanced == |

Ready

IIEi Autocommit [
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If adding of the Data Source is successful, then the database name entered in the Add
Database dialogue box appears as a child of the Data Source in the Database Explorer
window. But still now the connection is not established with the server. To connect to
server double click on the Database name you entered or right click on it and select
connect option in right selection menu. A new dialogue box appears with name Connect
Database Information — Database Name you entered. Enter the User ID and Password of
the database server, and then click on the connect button of the dialogue box. After that
the tree structure with tables, indexes, users, views etc. will be displayed at the node of

the database.

# Database Explore - |\BES
File Edit  Wiew Data Source Command  Window — Help
DBExplore
@ [ Data Source
D Teradata
— ~ —_— -
Connect Database Information - Teradata
Sencer Hame [URL]: [jdbc:teradata:.l’.l’bocatera
User ID: [test
Faszamard: I““l
Connect I | Cancel
Ready +| Autocommit [

Figure 7.4: User Authentication
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The below figure shows the tree, in which Teradata database shows the tables, indexes,

views, users, and Triggers of the Teradata database.

@Datnbase Explorer

File  Edit ¥iew DataSource  Command

Window

Help

[ pBE=plorer -

@ [ Data Source
@ [ Terdata
@ I Terdataltest {1}
& 9 Tahles
@ [ Indexes
D StoredProcedures
@ [T Views
@[ Users
[ Events
@[3 Triggers
[ sequences

Teradatattest {1} Could not =et izolation level.

I@ Autocommit (£ — |

Figure 7.5: Teradata database details
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Like the above procedure you can add any database that you want to connect to. The
below figure shows, four number of different databases that are connected to the
Database Explorer.

%’Database Explorer u@ m

File  Edit  “iew  DataSource  Command  Window  Help

[ pBExplorer
% [ Data Source
& [ Oracle
@ 9 svbase
® [ saLServer
& [ Teradata

& E

Teradatattest {1} Could not setisalation level,

| Autocommit
Figure 7.6: Adding Databases
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The below figure shows the tree, in which Teradata database shows the tables, indexes,
views, users, and Triggers of the Teradata database. In the figure other databases are also
connected to the Database Explorer.

%Database Explorer u@m

File  Edit ‘iew  DataSource  Command  Window  Help

= |

DBEzplorer

@ [ Data Source
& [ Oracle
@ ] sybase
& [ 50LServer
@ [ Teradata
§ O Teradataitest{1}
© [ Tahles
& [ Indexes
[ storedProcedures
& [ views
e[ Users
D Events
© [ Trigoers
D Sequences

Teradataitest {11 Could not setisolation level. I Autocommit |:

Figure 7.7: Teradata database extension

University of Hyderabad 67 IBM India Software Labs



To view the data in the table of the Teradata database, expand the node Teradata tables,
id displays all the list tables in a tree format. Select the table and right click on the table

name it displays the right selection menu of a table. Click on the View data option.

_§’ Database Explorer ..g\

File  Edit  View  DataSource  Command  Window  Help

DBExplorer :

Oz =
[y DTEST

[} ORCH_WORK_70a892d6
[y 11342244

[y cc_SOURCE_TABLED_ET
[y ODBCRT_T26_REF

[y ERR_1024583149_1

[y sTUDIO

[ ptestERR2

[y ODBCRT_Ta5_TARG

[y oDBC_cC_Testan

[y cC_SOURCE_TABLET_ET
[} ODBCRT_TE4_SRC

D joload

[} ODBCRT_T19_TARG

[y TeESTI

[ terasync |

[} ODBCRT_T  Alter Table
[ ODBCRT_T  Create Index

D 122 Drop

SOURCE ST L

= Edit Data

D testcustom : g{
D CC_SO0UR Copy Tahle Metadata ﬁ?}.
D GEMRE Star Schema Copy
(Y ERR_1674]  View Metadata

T134224C Refresh =

_—

(] Autocommit

Figure 7.8: View data in a table of Teradata database
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The below figure shows the data in the table terasync. The terasync table has 14 columns.

The data of the table is displayed in a new window.

f # Database Explorer u@m

File Edit  Wiew Data Source Command  Window — Help
[~ DBExplore
[y sSUDTABLE_ERRZ z
[y mt1
[y oDBCRT_|| £ View Data - Teradataitest {1}estterasync - il = B |
Dtesﬂablm cookie | optype | ctistate| evente..| Isn | blocke. query'|userna...|dbnamerecordc. bteco startti... (endtirme |
[ ERR_150i2711.. 1 B 1 387760 faple? test  ftest 15000 21000000  1216. =MUL. ||
[y opecrT [[1151- 1 B 1 535560 Tabl. {test  ftest  |100.0  |1400.0 0.0  |1226.. [<NUL.. ||
4.0 B 1 570422 SEL.. {test [test |10.0  [307.0 [0.0  [1223.. |<NUL..||
() 0DBCRT fe5s 1 B 1 5213500 TEST.ftest  ftest [116.0 27460 [0.0  [1221.. |=MUL..||
[CyT1asz2a 113471 B 1 00700 test {est  ftest  10.0  [370.0 0.0 |1223.. [<NUL..||
[ ERR_1eod|1902.. |1 B 1 635020 testT.ftest  ftest |116.0 |5258.0 0.0  |1222.. [<NUL..||
[yTso72g (28071 B 1 570250 mtl test  test (10.0  [267.0 |00  |1223.. |<NUL..||
| R B 1 387840 table2 ftest  ftest  [1500.0 |21000.0[0.0  [1216.. [<NUL..||
Gz {2554 o i 0 R ] SEL.. {test [test [0.0 00 |00 [1231. <MUL.||
[ opecrT_fl1402. 1 B 1 585460 TZ  fest  ftest 10.0  [140.0 |00 |1224.. [<NUL..||
[yoTesT [1429..)1 B 1 52133)0 TEST.ftest  ftest [0.0 00 |00 [1221. |=NUL.||
[y oReH w1855 1 B 1 534360 testT.ftest  [test 1160 |3743.0 00  |1222.. |<NUL..||
— 4187 1 B 1 535070 testT.test  ftest [116.0 37430 (0.0 [1222.. [=NUL..||
[y 134224801575 o B 1 635902 SEL. {test  [test 100 [190.0 (0.0 [1226.. |<MUL..||
[y ce_souRlizoss.. o B 1 387602 SEL.. ftest  test |10.0 1600 |00 [1216.. |<NUL.||
4 oDBeRT 1278 1 B 1 520520 TEST.[test  [test |116.0 |3743.0 0.0 [1222.. [=NUL..||
[y ErR_10242112. 1 B 1 520570 TEST.ftest  ftest |116.0 |2746.0 0.0 |1222.. |<NUL.||
— “fizoo. o B 1 535012 SEL.. {test |test |116.0 [5839.0 (0.0 [1222.. |<NUL..||
[ 0DBERT 1355 1 B 1 52863|0 TEST.ftest  ftest |116.0 [3743.0 0.0  [1222.. |<NUL..||
[ ce_sourfizi1d. |1 B 1 367660 table ftest  test 15000 21000000  [1216.. |<MUL. ||
[ ptestERR
[y ooeC_cq
[y oDBCRT |
[y sTuDio
ngload
[ ODBCRT_T19_TARG
Dterasync

Figure 7.9: Data in Teradata database table
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To view the Metadata of the table in the database, right click on the selected tables, select

View Metadata option from the right selection menu list.

& Database Explorer

File  Edit  Miew  Data Source

command  Window

Help

DBExplorer

[y ORCH_WORK_702892d6
[ 1342248

[ cC_SOURCE_TABLED_ET
[} oDBCRT_T25_REF

[y ERR_1024583148_1

[ ptestERR2

[} oDBC_CC_Testan

[y ODBCRT_T85_TARG

[y cC_SOURCE_TABLET_ET
[} oDBCRT_TE4_SRC

[y sTupio

D jgload

[y 0DBCRT_T19_TARG

[y TEST

[ ODBCRT_TBE_TARG

O ferasyne—————
D ODBCR] Alter Table
D t22 Create Index

[} opecRr]  Drop

[ s0URCE  view Data
[ testeusty  EditData

[yco_so
[} GENRE

Copy Table Metadata
Star Schema Copy

I-_l—*l Autocommit J

Figure 7.10: View Metadata of a table in Teradata database
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The below figure displays the Metadata of the table terasync. The fourteen columns data

is displayed in a new window.

oo W=
File  Edit View  DataSource  Caommand  Window  Help
[*] DBE=plorer
-
Y orRcH_ WIS
D T134224A View MetaData - Teradatatest {1}[Tablesltest.terasync
D CC SOUR Col'umn..]Data T..\Calum...[Buffer L..[Decima..| Radix [Rema... SOL_DA.[Sgl Dat. |Char L.
G cookie  (INTE.. 10 MULL — WULL 10 MULL  [MULL  WULL MULL i
[ 0DBCRT Jopype  |BYTEL. 3 MULL NULL 10 |NULL |NULL [NULL  |NULL |1 2 MO
DERR_1024lCtIState BiGGEL:|3 MULL  WULL |10 MULL [MULL  [MULL MULL |1 3 MO
DptestERRE eventc... [INTE.. [10 MULL  MWULL 10 MULL [MULL  [MULL MULL 4 4 MO
DODEIC oo Isn IMTE... (10 MULL  MULL 10 MULL [MULL  MULL MULL 4 5 YES
—“lblocke. NTE.. 10 NULL |NULL 10 |NULL |[NULL [NULL |NULL |4 B VES
() ODBCRT fquery  [vARC..[1024 |NULL |NULL 10 |NULL [NULL |NULL INULL 1024 |7 YES
DCC_SOURIUSEma... VARG, |30 MULL  MULL 10 MULL [MULL  [MULL MULL |30 g YES
D ODECRT Idbname WARG.. |30 MULL  WULL |10 MULL [MULL  NULL MULL |30 ] YES
DSTUDIO “frecorde [FLOAT (15 MULL  WULL 10 MULL ENULL MULL MULL |8 10 YES
] byteco... [FLOAT |18 MULL  WULL |10 MULL [MULL  MULL MULL |8 11 YES
ngload |rejectc... FLOAT 15 MULL  MULL (10 MULL [MULL  [MULL MULL 8 12 YES
DODECRT_ starttime [INTE... 10 MULL  MULL |10 MULL |[MULL  MULL MULL |4 13 YES
DTEST1 endtime |[INTE... |10 MULL  WULL |10 MULL [WULL  [NULL MULL |4 14 YES
[ oDBCRT_
Dterasync
[ ODBCRT_
[Cytaz
[ ODBCRT_
[ souRCE_
Dtestcusto
[ cc_sour
[ GENRE
() ERR_1674192161_1
[y T134224C
D ODBC_CC_G718G04_Test36 o
[ 0
Ready Ilﬂ Autocommit

Figure 7.11: Metadata of a table in Teradata database
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To view the users of the database expand the Users node under the database. To view the
details of the user right click on the user, select view user details.

ot oasee st e mEX

File  Edit ¥iew  DataSource  Command  Window  Help

DBExplorer :
@ [ Data Source
& orcle
& [ syhasze
@[] saLSener
@ [ Teradata
% O Teradataitest{1}
@ [ Tahles
@ [ Indexes
[ storedProcedures
& [ views
@ O users
[ raj
D test
[ usyne
[ Events
& [T Trigoers
D Sequences

Teradatattest {11 Could nat setizalation level, IE Autocommit

Figure 7.12: Users of Teradata database
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Chapter 8

Conclusions and Future work

8.1 Conclusions

In Part one, Statistical Data Collection and Analysis of each Stage of DataStage is
performed with the Stage and input and output Stages. The results are stored in table.
Which in turn are used to develop a tool for the estimation of required resources that job
consumes.

In the Part two, Database Explorer has been extended with the Teradata database.
This extension is performed using the metadata of the Teradata database. Now the
Database Explorer supports the Teradata Database also.

8.2 Future work

Develop a tool by using the Analysis results of the DataStage. These results are
converted to an xml document, and install with the installation process of the IBM
Information Server DataStage in future versions.

The databases that are not extended to the Database Explorer cab be extended to

it. The Database Explorer tool can be made as a plug-in to Eclipse software.
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