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Introduction

This paper provides detailed instructions and working code intended to create and integrate a complete data warehouse system using the Common Warehouse Metamodel (CWM). Most of the tools are open source. Oracle Warehouse Builder (OWB) is available for free for developing a single prototype of your application
. The main reason we use the CWM is that with code generation techniques it speeds development. This paper demonstrates how to build a set of models and how to use them effectively in putting together an end-to-end set of applications for data warehousing. However, the principles are equally applicable to many kinds of software systems.

This paper first describes the purposes and advantages of using the CWM. Then the paper is organized according to the steps we followed to build a warehouse. The appendices include details on installation and operation of the various tools available to work with the MOF, CWM, XMI and code generation. 

There are many paths that you can take to successfully build a data warehouse. This path worked for us and we found the process to be fast.

CubeModel offers a Data Warehouse Consulting Service. This paper and working code supporting this paper can be found at http://www.cubemodel.com. Contact information for the company and for the author can be found at that site.

Why Use the CWM?

What is the CWM?

The CWM is a specification describing objects and relationships common in the context of data warehousing. Since data warehouses pull in data from many different digital sources, the CWM includes a comprehensive set of data models for data structures such as relational databases, flat files, and XML. The specification also provides mechanisms to unambiguously describe transformations between these structures. As will be discussed later, this makes the CWM models useful for more than just data warehouses
.

What is in it for Tool Developers?

The most common use of the CWM so far has been in the development of tools that assist with creation of a data warehouse. As stated in the specification:

The main purpose of the CWM is to enable easy interchange of warehouse and business intelligence metadata between warehouse tools, warehouse platforms and warehouse metadata repositories in distributed heterogeneous environments. 

The CWM is valuable to tool makers because it allows them to interoperate and therefore increase the potential install base for their products. For example, if both Oracle and IBM DB2 can export a description of the their schemas in CWM/XMI format, and Cognos can read that format, then it becomes very easy to use Cognos for reporting against those two databases. Users are relieved of a great deal of configuration in Cognos describing the relationships between the objects in the database. Some shops have made Cognos their reporting standard. Therefore, it is in the interest of both Oracle and IBM to export CWM/XMI so that they have an opportunity to be the database of choice at these shops. 

Likewise, Oracle and IBM both have their own reporting tools. If Cognos wants an opportunity to be used at shops where Oracle or IBM have been chosen, Cognos needs to be able to import CWM/XMI data. For example, if you use Oracle Warehouse Builder to create database tables for a data warehouse, you can export the CWM model and then import that model into Cognos. Cognos is now set up and ready to create reports on the warehouse without further configuration and it knows about all the data warehouse dimensions and the hierarchical relationships within those dimensions, when they exist. The CWM model greatly reduces the amount of time it takes to set up Cognos. Of course there are other ways to get these products to interoperate, but CWM/XMI is widely used in exchanging metadata between many of the products in the data warehousing space.

What is in it for Application Developers?

More important to developers who do not make tools, it turns out that the CWM is also great for the development of applications. The most important reason to use the CWM to build applications is that the CWM greatly speeds development. We also believe that the CWM helps create a higher quality end product, but we will not be extensively arguing that subjective topic in this paper. 

Building a data warehouse is no small undertaking. There are many different parts to a data warehouse including input log files, input database tables, ETL code, staging warehouse fact tables, mart fact tables, dimension tables, dimension maintenance code, aggregation code, and reports. The CWM was designed to help with all this complexity.

From the OMG website (www.omg.org):

The Common Warehouse Metamodel (CWM™) is a specification that describes metadata interchange among data warehousing, business intelligence, knowledge management and portal technologies.  The OMG Meta-Object Facility (MOF™) bridges the gap between dissimilar meta-models by providing a common basis for meta-models. If two different meta-models are both MOF-conformant, then models based on them can reside in the same repository.

This means that if you model your data warehouse with the CWM, you will have a common base for the components of your data warehouse to use for many purposes and you will have programmatic access to that model. This is more powerful than it may first appear. The model, the available tools, and code generation techniques can speed development of a data warehouse. This is done through the most obvious mechanism: the developers can write code once and reuse it many times. Nothing speeds up development like not having to do the work.

A data warehouse is usually very repetitive in nature. There are many dimensions that follow very similar structure. Those dimensions share the same kinds of relationships with fact tables. There are usually many fact tables and they all share the same kind of structure. Data warehouses often use flat files as a data source and many of these files share similar structures. There are usually many ETL applications to load the data warehouse and these application often are very similar. All of this repetitive nature makes it possible to reuse code and a CWM model along with automated code generation facilitates this.

One of the most frequent complaints against modeling applications has been that modeling is usually no more than fancy documentation. Another complaint has been that if modeling is used to help generate code, then the process requires a language translation and is slower than just generating the code in the first place. These arguments are not valid against the techniques used in this paper. We used the model to assist in developing many of the necessary artifacts in data warehouse systems. Therefore, the model is far more useful than just fancy documentation. Also, our models contain nothing like application code, so there is no translation of procedural code between languages. What the models do contain is a description of which objects have what kind of relationships to which other objects. Developers can write the code for a particular kind of relationship once and then use the model to generate an application to call their code in all the right places.

As mentioned, a CWM model can be very helpful in creating the artifacts for your data warehouse. We were able to use the CWM model, code generation, and the available tools to more quickly:

· Create ETL applications, 

· Build the database tables for the warehouse, 

· Create the database tables for the marts,

· Create a programmatic persistence layer for access to the database, 

· Create a programmatic OLAP layer for access to the persistence layer,

· Develop maintenance applications for the dimensions, 

· Write applications to migrate data from the warehouse to the marts, 

· Create documentation for the system, and

· Configure report-writing tools such as Cognos and Mondrian.

Since we believe that speed of development is the most important reason for using the CWM, we will discuss each of the steps specifically in the context of how the CWM makes these steps faster.

Speeding ETL Application Development

The key is to use a model along with code generation. For example, it is commonly necessary to pull flat files into a data warehouse. There are often several different flat files and they are usually of very similar structure (often delimited). Also, the fact tables that are filled from these files are usually of very similar structure. A typical process may be to load the flat files into staging tables and then to transform the staging tables into one or more fact tables. This migration from staging to fact tables often involves transforming many fields from the flat files into dimension keys that represent the same data. For example, the file may have a field that holds a product name. Migrating the record from the staging table into a fact table would involve looking up the product in the “Product Dimension” and storing the “Product Key” in the fact table rather than the product name.

There are 3 spots in the above scenario where code reuse is very effective. First, any particular flat file usually only has a few different kinds of transformations when migrating from a staging table to a fact table. Some of the most common transformations include:

· Key lookups,

· Field pass through,

· Audit data creation.

Some of these operations require special data massaging or the input of several fields, but they cover much of the work in moving data from staging tables to fact tables. If the developer codes these operations in a generic way for the first few fields of the first flat file, that code can be reused for the rest of the fields in the current flat file.

The second place for reuse is in loading of the staging tables. Many of the flat files will be of the same structure. If there are transformations during the staging step, these transformations will often be similar between flat files, therefore there is an opportunity for reuse.

A third place for reuse is in the applications that perform this staging and transformation. The applications can often be made to follow the same structure and therefore are candidates for creation from the model.

The basic steps for creating this reusable code is to:

· Create a CWM model of the first flat file and the transformations to the staging table

· Write an application that will load the first few fields, 

· Test the code works,

· Pull apart the working code into template files,

· Replace the variable parts within a template with easily recognizable strings for substitution,

· Write code that can rebuild the original source using the model and the templates,

· Generate the code for loading the entire flat file,

· Create the CWM models for the rest of the flat files,

· Generate the code for loading the rest of the flat files.

Generating code from the models and templates is not too difficult and saves huge amounts of time. It is important to note that the language you generate does not need to be Java. It is no harder to create a C# ETL application than it is to create a Java ETL application. The code that generates the ETL application must be in Java because the Netbeans MDR only provides a Java API to the model, but the ETL code that you generate from the model can be anything. In the examples here, we have generated Java code and XML models for Mondrian.

In the Appendix “Techniques for Code Generation”, we show and explain some examples of how all this can be achieved. Further, there is working code on the companion web site
 for you to review. 

Development time is drastically reduced by this technique of using the model to generate code. This is especially true when you consider that there are often small changes to the design after you see the end result. Those small changes propagate through the code very quickly and cleanly when you change the model and regenerate the code. We estimate that for our first data source, using the CWM model to generate the ETL code, we cut the implementation time in about half. We had twelve dimensions with very similar lookup code. It took one day to create the model, three days to design and implement the first lookup, two days to write the code generating code that recreated the code we just developed, and then two days to generate the code for of the other dimension lookups. Note that there are often small differences in the way that each dimension is handled, and so you must develop a technique for managing these differences that will not destroy your ability to use the model to help generate the bulk of the ETL code. We discuss our solution to this problem in the Appendix “Techniques for Code Generation”.

Once you have the application running, you will find that there are further savings of time as the users alter the requirements after development, as they usually do. Changes in the model only took a couple of hours to push throughout the system. Also, as you would expect, you can be confident that the generated code will be pretty much bug free. At least there should be no bugs that did not exist in the original code you wrote.

Speeding Warehouse and Mart Database Table Creation

Relational data warehouses require the design and development of a database schema for the warehouse and the marts. We found that modeling a schema in CWM form took us no extra time from our normal schema design process. In fact, it was probably slightly shorter. The reason is that Oracle Warehouse Builder (OWB) is a design tool built especially for designing data warehouses, and it has the capability of exporting its design into CWM/XMI format. 

OWB is excellent for creating a data warehouse design. It allows you to think in the domain context of the problem using concepts like dimensions, facts, and levels in hierarchies. Then, after your basic structure is in place, it also lets you work at the relational database context and set up the many details of things like “not null” fields, constraint names, and logging attributes.

Not only can you export the model in CWM/XMI format for other tools. You can also generate all the DDL required to generate the database. 

Please review the licensing of OWB from the Oracle site: http://www.oracle.com.

A good resource for modeling a data warehouse is “The Data Warehouse Toolkit: the complete Guide to Dimensional Modeling (Second Edition)”, by Ralph Kimball and Margy Ross
.

Speeding Database Persistence Layer Creation

Your CWM warehouse model, as opposed to your transformation model, is a description of the dimensions and cubes that are to be stored in a database. You can use a tool like OWB to help create the database tables associated with the model. Now you have the task of writing the code that can access those tables for your ETL applications. This can be complex code full of awkward details such as transactions, varied SQL, different but equivalent data types, user authentication, object-to-relational mappings, and various database APIs.

Many folks have tried to shield developers from these issues with products such as Hibernate, Oracle TopLink, JAG, and Castor. It takes real experts to do a good job with all of these intricacies and data warehouse developers have other issues that they would rather focus on. It makes a lot of sense to use one of these types of tools to generate the persistence layer to be used by your application.

All of the tools listed above can create excellent database persistence code, but they also have significant learning curves. We used a tool called SQL2JAVA. It is not really in the same class as the previously mentioned tools and certainly does not have all of their features or sophistication. However, it will generate a simple transactional persistence layer to a set of database tables and it does not take long to get running. The learning curve is short and it is fairly easy to see how it functions.

To make it work, you point it at a previously created database and provide a list of tables that you are interested in. From there it generates a set of classes you can use to do simple Java operations against those tables. It can handle most of the popular databases and we never ran into any bugs. It cannot do anything complicated and probably does not create the fastest possible code. The authors intended that users would use the generated code as a starting point to do create their own more sophisticated and custom persistence layer. What it produced was sufficient enough for our purposes without customization. 

Once the database was created, which was generated from the model, we only needed a few more hours to get a persistence layer running out of SQL2JAVA. Therefore, indirectly, we created the persistence layer from the model.

Speeding OLAP Persistence Layer Creation

The code generated by SQL2JAVA was sufficient for our needs in terms of writing to the database. However, that code operates at the level of tables and columns. We wanted to operate at the level of dimensions, cubes, measures, facts, and hierarchies of levels in dimensions. Therefore, we wrote an OLAP layer on top of the SQL2JAVA code that let us have an API at the appropriate contextual level.

This layer is primarily a pass through to the relational persistence layer in that typically a dimension corresponds to a table, an attribute typically corresponds to a column in a dimension table and measures correspond to columns in fact tables. However there are some differences. Dimension attributes should be referred to in conjunction with their hierarchy and level. The relational layer does not hold these associations.

The technique for building this layer is basically the same as for building transformations:

· Model the dimensions with a tool like OWB or MofEditor,

· Code the OLAP persistence layer for a one or two dimensions (one with a simple hierarchy and one with a more complicated hierarchy),

· Test the code,

· Pull the code apart into templates with recognizable strings for the variable portions,

· Write code to regenerate the original code using the CWM model and the templates,

· Generate the OLAP code for all the dimensions.

Since this code is basically pass through to SQL2JAVA, it is fairly easy to write and is a good place to start to learn the techniques for using the model and generating code.

Once this layer is written, the generated code is useful for dimension creation and maintenance. It is nice to be able to work with these objects using the language of OLAP.

Speeding Warehouse to Mart Migration Development

Moving data from an external source into a fact table of a data warehouse cube is often done in two steps. The first step is to extract the data from the originating source and load it into staging tables in the database. Sometimes this step involves some transformations to clean and normalize the data and sometimes it does not. Then the data is moved into fact tables. Somewhere in these two steps, most of the data is transformed in some way.

Once data is in the data warehouse, it is often distilled into mart tables that are relevant for a particular group of users. These marts usually contain only a subset of the data that was originally in the data warehouse, but they may contain that subset of data for a longer period of time than the data warehouse.

Movement of data from the data warehouse into the marts is exactly like moving data from flat files into the warehouse tables, except that now the source is a database table or dimension rather than a flat file. MofEditor can just as easily model these transformations and the development process is identical. In fact, it is likely that the database tables have already been modeled in one of the other steps, so designers can reuse those models and speed the modeling process for these transformations. Therefore, the transformation development should be especially quick with less time spent on modeling.

Speeding Reporting Tool Setup

OLAP reporting tools are configured with a great deal of metadata. The tools often can gather most of the metadata from the database itself without manual entry. However, other metadata is not retrievable in this manner. For example, it is not possible to look at a relational table and determine the dimension hierarchies and levels if they exist. Manual entry of this metadata is time consuming and error prone.

Cognos can load a CWM model directly. In “Appendix D - Importing a model into Cognos Framework Manager”, we share some of the details for importing a CWM model. There is not much more configuration required.

Mondrian requires configuration in proprietary XML format. By now, the reader is probably familiar with the technique for generating the required XML code:

· Use the CWM model you have already generated,

· Code the Mondrian XML configuration files for a single fact table and a couple of dimensions,

· Test the XML configuration files,

· Pull apart the XML configuration files into templates with recognizable strings for the variable portions,

· Write code to regenerated the XML configuration files using the CWM model and the templates,

· Generate the XML configuration files for all the dimensions and fact tables.

The companion site for this paper includes all the models and code required to perform these steps.

As the sample code shows, although the interface to the model is in Java, the output code can be any kind of code. Here we have generated Java source code and XML files. It would be no different to generate HTML, JSP, or C# code. 

Other Reasons for Using the CWM

Impact analysis

By following the relationships in the CWM models, it is possible to find the source data fields for any column in a mart table. Likewise, starting with a source field, it is possible to determine every column in the marts that it affects. The models do not hold what transformations are performed, but they do hold all the inputs and outputs of every transformation. This information can be extremely valuable. For example, if the QA department determines that a particular value in a report is wrong, it is possible to write an application that traces through the model and lists every column and field that went into the value. No manual searching through code is required to create this list. This list is likely to be very helpful in finding the problem.

Also, if a new requirement comes up that needs a change to a particular existing field in one of the source files, an application can trace through the models and indicate every column in all the marts that could be affected by the change. This could greatly reduce the QA that needs to be done on the proposed change. Again, no manual code review is required and there would be a high degree of confidence in the results.

Documentation

We have not tried this internally, but we believe it would be quite straightforward to use the models to create data dictionaries for the files, tables, and cubes involved in the data warehouse. Our models include descriptions and data examples for most of the objects modeled. Generating HTML pages with hyperlinks to documentation in other pages seems like it would be simple enough using the model and HTML templates with variable substitution.

Standards based Development

The CWM specification includes or suggests behavior for the objects it defines. It is quite a complete document and covers a large number of the topics related to data warehousing. By developing using the CWM, an application is partially documented already by referring to the specification. If you develop a transformation object that conforms to the specification, most of its behavior is well defined in the specification and you can refer people to that resource when learning the application.

Further, many people in the data warehouse space already know something about the CWM and it may be possible to find developers who are already familiar with its contents. That possibility could make for even faster development.

Fewer Bugs

Code generated from templates usually has no more bugs than the template held. This makes it possible to generate a great deal code with high confidence that it is bug free, once you are confident the templates are bug free.

Changes are Quicker to Implement

If the system requires a change, often that change is only in the templates and not in the model. It is very quick to make a change in the templates and regenerate all the code.

Working at the Right Contextual Level

By working with the CWM, it is possible to be dragging and dropping objects that are in the right context. You do not have to work with generic objects and worry about what kind of relationships makes sense based on the name of the object.  MofEditor only allows sensible relationships between objects based on the object type.

Graphical Design

Some people think better graphically.

Architectural Control


Generating code from the model forces the application to follow the model. This means that a system is guaranteed to match what the architect has modeled and gives more control to the architects.

Schema Development


Netbeans MDR provides the capability for creating an XML Schema that matches a MOF model. You can use the schema to verify that content coming in via XML is in the right format.

What CWM Tools are Available

There are enough tools available to work with the CWM. This paper does not attempt to do a survey of all of the tools that are CWM enabled. We have used a specific set of tools successfully and this paper should allow others to succeed with those tools also. The tools we used that are CWM enabled are Oracle Warehouse Builder (OWB)
, MofEditor
, Cognos Framework Manager
, and NetBeans Metadata Repository (MDR)
.

All of these tools come with their own installation guides and user guides. However, after careful reading of this documentation, we still had some difficulties performing certain tasks. In the appendices of this paper, there are instructions that may help avoid or work around some of the difficulties we found.

Appendix ‘A’ – Oracle Warehouse Builder

Installation

Oracle OWB comes with extensive installation instructions. However, even after careful reading of the documentation, it is still fairly difficult. Follow the instructions closely and avoid some of the following mistakes we made.

The documentation calls for three different users during installation. Although you may never need all of them, do not try to reuse the same user for multiple purposes. Be sure to create three different users for the installation process.

Usage Tips

In order to generate and export a CWM/XMI model, you must create an OWB collection that holds the objects you wish to export. 

To generate DDL, you must create an OWB LOCATION. I believe OWB needs this location to determine details of what to generate. Without a LOCATION, no DDL gets generated and there are no error messages.

Generating DDL from within the OWB GUI results in many scripts for the data warehouse. The GUI only allows you to export the scripts one at a time. If you have dozens of scripts, as is usual, this interface is tiresome. However, there is another technique. OWB comes with another application called “OMB Plus”. This is a command line tool that can perform operations against the OWB metadata.

From OMB, you can run the following set of commands to gather all of the DDL at once:

OMBCONNECT myUser/myPassword@dbMachine:1521:myServiceName
OMBCC `myOWBModule`

OMBCOMPILE COLLECTION `myOWBCollection` OUTPUT GENERATION_SCRIPTS TO `myDestinationDir`

The directory ‘myDestinationDir’ will then hold all of the DDL scripts that are required to generate the objects described in ‘myOWBCollection’.

We think it is also a good idea to save a copy of model in the OWB native format so that you can perform disaster recovery. Exporting CWM/XMI and then importing the same model is not lossless. Also, there are a few bugs in the CWM/XMI export. For example, the resulting file does not correctly hold the “NOT NULL” specifications that existed in the original file.

Note that it is possible to create transformations inside of OWB, but these will not be exported in a CWM/XMI file. Therefore, we did not use the OWB transformations.

Appendix ‘B’ – Installing MofEditor

MofEditor is an open source tool that allows you to graphically create models based on MOF components. Since the CWM is made up of MOF components, MofEditor lets you create CWM models. By initializing the MofEditor with the correct XMI file, you should be able to create any MOF model.

Besides the obvious advantage of graphically modeling, MofEditor ensures that you are only allowed to select relationships between objects that make sense. In other words, unlike modeling with UML, you are constrained in that the editor will only allow you to select from a small list when associating to MOF elements. This is particularly useful when a user is just learning the particular MOF elements and does not know what kind of relationship to use to join to other MOF elements. Using this tool, the resulting model is far more likely to be correct than if you were using another tool that did not restrict the relationships.

MofEditor has been developed at Universidad de la República – Uruguay. The source can be found at their website
. However, at the time of writing of this paper, there was a bug in the persisting of the models. We submitted the change back to the MofPlaza folks and they will soon be releasing the fix. In the meantime, you can temporarily download a patched version at the CubeModel site. Once the fix is available from the Universidad de la República, CubeModel will not likely offer up the MofEditor source.

The MofEditor application is fairly new and therefore needs more work, but we found it very useful.

It is necessary to be able to cluster CWM packages for the MofEditor. It is likely that the packages that MofEditor supplies do not contain all of the CWM elements you may require for your model. We added the “DW Design” cluster into our version of “01-02-03.xml”, which is loaded by MofEditor, so that we could combine relational objects, transformation objects, and OLAP objects into a single model. Looking at the end of our “01-02-03.xml” file, you should be able to see how to add a cluster.

The same technique should make it possible to model any MOF compliant model.

We used the MofEditor primarily for modeling transformations. You can view what our sample model looks like by importing sampleLog.xml into MofEditor. At first glance, the model may appear very complicated. However, with a little commentary, we have found that it is relatively easy to understand. Part of the perceived complexity comes from the fact that there are a great number of associations from the main package element to almost every other object in the model. The package is basically the namespace for all the objects so that there are no name collisions with other models. It is not surprising that there is a relationship between most of the objects in the model and the namespace holder. If the reader ignores these lines, the model seems less daunting. 

The model is basically made of three parts. Listed down the left side are all the fields in the source file to be loaded into the fact table, along with documentation elements describing those fields. To the right of the fields are the transformations that migrate the data from the file into the database. In this case, there are 2 transformations for most of the fields. The first transformation moves the data into a batch load file. The second transformation moves the batch load file into a fact table. The first transformation includes getting the foreign keys for the fields that are references to dimension values.

A transformation is really made up of three main objects: the transformation, the source data object set, and the target data object set. Transformations can have many inputs and many outputs, so that is why there is a collection object between the transformation and the source and target. Therefore, to the right of the source flat file fields, you will find three elements and then the target field in the target flat file. The target flat file is the batch load file. To the right of the batch load file you will find another three elements (source data object set, transformation, and target data object set). There is no reference to the target column in the database as that is created in the “Link” file discussed in “Appendix E – Merging Two Models from Different Tools”. 

Each data object set is associated to its transformation and to its set of data fields. Each transformation is associated to its data object sets, and to its TransformationUse element. That indicates the kind of transformation that is done and allows the code generation application to know which type of functions to associate with the transformation. Perhaps your model will have more kinds of transformations, but try to keep the number very low.

The data flows from left to right, from the flat files into the database. When viewed as a parallel load of data fields moving from left to right, the model can be more easily understood at a glance.

Appendix ‘C’ – Installing and using NetBeans MDR

The Netbeans Meta Data Repository (MDR) is central in our development process. Most importantly, MDR provides a programmatic access to our models. This makes it possible for us to generate application code and other artifacts for our applications. 

It has other useful purposes too. It allows a user to graphically wandering through the models, it provides an alternate means of checking the model syntax, and it allows developers to normalize the element ids between modeling tools.

Unfortunately, the most recent versions of Netbeans do not support the MDR Browser. This is the tool that lets you graphically wander around inside the model. This is extremely useful for checking semantic correctness and for understanding the subtleties of what has been modeled. If you want this functionality, you need to use version 3.6 of NetBeans. We believe the MDR modules still work in the new versions, but we very much like the Graphical Browser that no longer works in the newer versions.

This tool readily loads models generated from both Oracle OWB and MofEditor. If you join models from both these tools, the unique element ids from the 2 systems are in quite different structures. This is not really a problem, but it can be quite confusing. By loading the MDR Browser with a joint model and then exporting the model, you end up with a new equivalent model with normalized element ids. 

Also, the MDR Browser does a very good job of checking the internal syntactical consistency of the model and its error messages are excellent. This is a good secondary means for checking your models. The companion site has a link to download version 3.6 of Netbeans along with the MDR model.

There is a small error in the CWM model that comes with the MDR module (01-02-03.xml). RecordFile.RecordDelimiter is defined as an integer when it should be a string. Our download has this fixed in the model.

The steps for loading a model into the Netbeans MDR browser are as follows:

· Bring up Netbeans,

· Under view, start up the MDR Browser (You may have to add the module),

· Under the MDRepository, there should be a MOF folder. Open this folder.

· If you right click on one of the subfolders, you will see that you have the ability to “Instantiate …” the package. If you are using the version of the MOF models from the companion site, you will have a subfolder called DW Design. This is a package that we added to the models that includes many of the other modules necessary to do flat file transformations. The change we made is at the end of 01-02-03.xml. You can create your own groupings of modules also. Instantiate this model and name it.

· You should get a new top-level package with your new name. If you look inside the package, you will see the CWM packages that are clustered in the DW Design package.

· If you right click on your new package, you will see an option to “Import XMI …”. If you select this option and load a diff file like sampleDiff.xml, you will load your all your referenced models into the MDR and you will be able to see each element and its references to other objects. If there are any problems in the model, the import will give you good error messages as to where to find the problems.

We found this browser extremely useful.

Appendix ‘D’ – Importing a model into Cognos Framework Manager

We have not managed to make the import of a CWM model into Cognos Framework Manager completely clean. However, the errors that we get after following the below process do not seem to have any effect on functionality.

To get a CWM model into Cognos Framework Manager do the following (leave things at the default setting unless specified otherwise):

1. Create a new project,

2. Give the project a name,

3. Log in,

4. Select your language,

5. For an import source, choose “Third Party Metadata Sources”,

6. For MetadataType, select “XML/XMI 1.1 OMG CWM 1.0” and select the file to import,

7. On the next page, for Target Tool, select “Oracle Warehouse Builder” and for Table Design Level, select Physical,

8. On the window, “Specify the option to use when importing into Framework Manager”, under “Logical/Physical Representation”, select “Separated (verbose)”

9. When selecting object to import, select them all.

10. Check the errors in the message log,

11. Check both the physical and the logical model

Framework Manager uses the model to set up all the hierarchies and levels within the dimensions, so this can be a real time saver. However, it is best to use the database to set up the relationships between the dimensions and the fact tables. To do this, delete all the table relationships and use the “Detect Relationships” action to reset the relationships so that you can get inner joins and reasonable query times. Otherwise, Cognos will use outer joins on all your queries and reports will run very slowly.

Note that this technique makes use of the “Primary Keys” in the database connection to determine the relationships. Unique keys will not work.

Appendix ‘E’ – Merging Two Models from Different Tools

The different tools available will assign their own xmi.id to the elements of your models. They may also reassign new numbers every time you export the model. This is fine until you try to put together two portions of your model from different tools and there are references between the parts.

For example, if you create a data warehouse model in OWB and then model the ETL applications to load the warehouse in MofEditor, you will need to have references from the transformation model into the data warehouse model. If OWB changes the xmi.id for the model elements you want to reference, it becomes difficult to keep your models in synch.

Fortunately, there is a pretty good technique to get around this problem. The XMI specification includes the ability to transmit metadata differences. This allows you to create a new XMI file that holds alterations to existing XMI files. You can use this mechanism to join 2 different XMI files and make changes to them. An example of such a file in the source provided on the companion site is “sampleDiff.xml”. This file makes additions to sampleLog.xml and those additions are references to sampleDb.xml. By loading sampleDiff.xml into the MDR Browser, you can see the results of all three files.

There is a down side to these difference files. Every implementation we have seen only allows references to xmi.id and not path names to elements. This seems to mean that you would have to update the difference file every time you made a new export of your model from any of your tools.

To get around this problem, we wrote some XSLT that can generate a difference file based on an extra XML file that uses relative path names for the relevant elements. The XSLT looks at the “Link” XML file, looks up the relative references in the XMI model files, and then creates the difference file required according the associations described in the “Link” file. If you export a new version of one of your model files, simply regenerate the difference file from the “Link” file using the XSLT. Your new difference file will hold all of the new xmi.ids. An example “Link” file is “sampleLink.xml”. The XSLT used to generate “sampleDiff.xml” from “sampleLink.xml” is “sampleLink.xsl”. 

Appendix ‘F’ – Techniques for Code Generation

Creating Templates

This appendix is not intended to show or explain all the code we used to build our data warehouse application. However, all the code is available at the companion site
. This appendix is intended to show and explain some of the more interesting and significant code that we used.

The following is a piece of code that creates a lookup table for converting product name into the product key for use during loading of a log file into a fact table for our sample ETL project. The code itself is probably too specific to our application to be reusable by the reader, but is interesting because it is code that was generated from templates and the model. We will follow the example code with the templates that were used to generate it.

    private HashMap buildSampleProductNameToBatchLookup() throws Exception {

        CustomTransform customTransform = new CustomTransform();

        DimProductManagerOlapFactory dimProductMOFactory =

            new DimProductManagerOlapFactory();

        dimProductMOFactory.setProperties(properties);

        DimProductManagerOlap dimProductManagerOlap = 

            dimProductMOFactory.createDimProductManagerOlap();

        DimProductOlap dimProductOlap[] = dimProductManagerOlap.loadAll();

        HashMap lookup = new HashMap();

        Class[] preformatArray = {Object.class};

        boolean preformatSet = false;

        Method preformat = null;

        try {

            preformat = customTransform.getClass().getDeclaredMethod(

                "preSampleProductNameToBatch", preformatArray);

            preformatSet = true;

        } catch (NoSuchMethodException nsme) {

            preformatSet = false;

        }

        String lookupString = null;

        Method stdGet = null;

        Class[] stdGetArray = {};

        boolean stdGetSet = false;

        boolean stdGetSetCheck = false;

        for (int j = 0; j < dimProductOlap.length; j++) {

            if (!stdGetSetCheck) {

                try {

                    stdGet = dimProductOlap[0].getClass().getDeclaredMethod(

                        "getCode", stdGetArray);

                    stdGetSet = true;

                } catch (NoSuchMethodException nsme) {

                    stdGetSet = false;

                }

                stdGetSetCheck = true;

            }

            Object obj = null;

            try {

                obj = stdGet.invoke(dimProductOlap[j], stdGetArray); 

            } catch (ClassCastException cce) {

                throw new Exception(

                    "Wrong return type for lookup sampleProductNameToBatch:" +

                    cce.getCause().getMessage());

            }

            Object[] objArray = {obj};

            if (preformatSet) {

                try {

                    lookupString = (String) preformat.invoke(customTransform,

                        objArray);

                } catch (InvocationTargetException ite) {

                    throw new Exception(

                        "Could not create lookup for sampleProductNameToBatch:" + 

                        ite.getCause().getMessage());

                }

            } else {

                try {

                    lookupString = (String) obj;

                } catch (ClassCastException cce) {

                    throw new Exception("Could not fill lookup table for sampleProductNameToBatch:" + cce);

                }

            }

            lookup.put(lookupString, new StringBuffer(

                dimProductOlap[j].getKey().toString()));

        }

        return lookup;

    }

The above code was generated from the following templates.

    private HashMap build<%TfmName%>Lookup() throws Exception {

        CustomTransform customTransform = new CustomTransform();

        <%DimName%>ManagerOlapFactory <%dimName%>MOFactory =

            new <%DimName%>ManagerOlapFactory();

        <%dimName%>MOFactory.setProperties(properties);

        <%DimName%>ManagerOlap <%dimName%>ManagerOlap = 

            <%dimName%>MOFactory.create<%DimName%>ManagerOlap();

        <%DimName%>Olap <%dimName%>Olap[] = <%dimName%>ManagerOlap.loadAll();

        HashMap lookup = new HashMap();

        Class[] preformatArray = {Object.class};

        boolean preformatSet = false;

        Method preformat = null;

        try {

            preformat = customTransform.getClass().getDeclaredMethod(

                "pre<%TfmName%>", preformatArray); 

            preformatSet = true;

        } catch (NoSuchMethodException nsme) {

            preformatSet = false;

        }

        String lookupString = null;

        Method stdGet = null;

        Class[] stdGetArray = {};

        boolean stdGetSet = false;

        boolean stdGetSetCheck = false;

        for (int j = 0; j < <%dimName%>Olap.length; j++) {

            if (!stdGetSetCheck) {

                try {

                    stdGet = <%dimName%>Olap[0].getClass().getDeclaredMethod(

                        "get<%LookupName%>", stdGetArray);

                    stdGetSet = true;

                } catch (NoSuchMethodException nsme) {

                    stdGetSet = false;

                }

                stdGetSetCheck = true;

            }

            Object obj = null;

            try {

                obj = stdGet.invoke(<%dimName%>Olap[j], stdGetArray);

            } catch (ClassCastException cce) {

                throw new Exception(

                    "Wrong return type for lookup <%tfmName%>:" + 

                    cce.getCause().getMessage());

            }

            Object[] objArray = {obj};

            if (preformatSet) {

                try {

                    lookupString = (String) preformat.invoke(customTransform,

                        objArray);

                } catch (InvocationTargetException ite) {

                    throw new Exception(

                        "Could not create lookup for <%tfmName%>:" +

                        ite.getCause().getMessage());

                }

            } else {

                try {

                    lookupString = (String) obj;

                } catch (ClassCastException cce) {

                    throw new Exception("Could not fill lookup table for <%tfmName%>:" + cce);

                }

            }

            lookup.put(lookupString, new StringBuffer(

                <%dimName%>Olap[j].get<%KeyName%>().toString()));

        }

        return lookup;

    }
As you may be able to see, there is not a great deal of difference between the template and the resulting code. The only difference is that the template has chunks of text that look like:

<%TfmName%>

This is a substitution string. There is nothing magic about the characters around the name. We only wanted to pick a sequence that we felt was unlikely to occur naturally in the code. In order to generate real code from the template, the developer writes another application that walks through the model to find the correct names to substitute for the string, reads the template, substitutes the strings, and then writes out the result. As you can see, generating the template from running code is not too difficult. The template is very similar to the running code.

Sometimes it is necessary to split a function into several template files. This is true whenever the function can have a variable number of components. For example, a function that creates all of the fields in a record file will have a different number of fields depending on the particular file. The line that adds a field will probably get its own template file. That way, the developer can repeatedly read in the template file, substitute the variables, and write the file into the generated code.

Accessing the Model

The companion website includes all of the components required to create an ETL application from a model. The Meta Data Repository (MDR) plug-in for Netbeans has everything a developer needs to programmatically access a model. In the context of the code we have just reviewed, it is relatively easy to ask the MDR to provide a list of all the “Lookup” transformations in your model. The MDR will return a collection of those transformations. The developer can then query those transformations for their names and for the associated columns that are related for lookup. At that point, substitution for the above strings can be done.

The code for accessing the MDR is in a file called “MetaDataRepository.java”. The sample model is held in three files. One holds the database definitions. Another holds the flat file and transformation definitions. The last file is the root and joins the other two. The file names, in the corresponding order are sampleDb.xml, sampleLog.xml, and sampleDiff.xml. The file “sampleDb.xml” is most easily generated from Oracle OWB, but could also be generated from MofEditor or perhaps through Poseidon with UML2MOF. The file “sampleLog.xml” was generated with MofEditor. The file “sampleDiff.xml” is short and was generated with our XSLT code from sampleLink.xml.

The following bits of code show the general techniques for interfacing with the model through MDR:

            // connect to the repository

            MDRepository rep = MDRManager.getDefault().getDefaultRepository();

            if (rep == null) {

               throw new Exception("MDRManager returned a null repository");

            }

...

    /*

     * Returns a Collection of Olap::Dimensions in the extent

     * @param   extent ModelPackage extent

     * @return  Collection of Olap::Dimensions in the extent

     */    

    public Collection getDimensions(DwDesignPackage extent) {

        RefPackage olap = extent.refPackage("Olap");

        DimensionClass dc = (DimensionClass) olap.refClass("Dimension");

        return dc.refAllOfClass();

    }

...

            DwDesignPackage extent = mdr.getExtent();

            for (Iterator iter1 = (mdr.getDimensions(extent)).iterator(); iter1.hasNext();) {

                Dimension dim = (Dimension) iter1.next();

...

                String dn = dim.getName();

The above code is not contiguous and is missing lots of important parts, but it shows how easy it is to get a list of dimensions out of a model. The full code is available for download from the companion site already listed.

Customizing Transformations

One of the difficulties in using a Model to generate code is deciding how to handle differences in the model elements that are not in the model. We believe that it is important that the model does not carry too much detail. Otherwise, creating the model becomes as difficult as creating the application in the first place.

As an example, consider a flat file that has a date/time field and also has a product name field. When it comes time to do the lookups for these fields into their respective dimensions, you may find that the fields need some massaging in order to get them into the same form as the fields you want to compare them to in the dimensions. Perhaps the date/time field needs to be converted from local time to GMT. Perhaps the product field needs to be converted to upper case.

We feel that including this kind of detail in the model is inappropriate. The model should contain which flat file fields and which dimension attributes were used to create a certain field in the fact table. The model should be limited to a generic description of the kind of transformation such as “Lookup” or “Pass Through”.

Based on this philosophy, the code you generate from the model will not contain formatting for the date/time field or the products field as discussed above. This brings up the question of where to put the custom code for each of the transformations.

We handled this problem by connecting a special object into the inputs of every transformation. The transformations would use Java reflection on this object to see if it had a function for formatting this transformation input before doing the lookup. If the method existed, then it was called. Otherwise, no formatting of the input was performed. Basically, we predetermined the locations in the generic transforms where custom processing could happen. Then when a transformation got to this location, it would check to see if the custom object had an appropriately named method to perform that work.

Here is what the code looks like to check for an appropriately named method in the Custom object.

   public static String customTransformMarker = "customTransformMarker";

...

                  // Look for custom transform marker field

                  java.lang.reflect.Field field = object.getClass().getField(customTransformMarker);

                  if (customTransform == null) {

                     customTransform = object;

                     Class[] shapeInputArray = {Vector.class};

                     try {

                        shapeInputMethod = object.getClass().getDeclaredMethod("shapeInput" +

                           firstToUpper(name), shapeInputArray);

                        shapeInputSet = true;

                     } catch (NoSuchMethodException nsme) {

                        // No reshaping method

                     }
The custom object has field named “customTransformMarker” so that we can recognize it without knowing what package it come from.

If this transformation is named “ProductTfm”, then this code looks for a function called “shapeInputProductTfm” in the custom object. If such a method exists, it is used on the field from the flat file before it is compared to the attribute in the lookup dimension.

Here is what the code looks like to call a method that has been discovered through reflection.

         if (sourceVector != null) {

            params = new Object[] {sourceVector};

         } else {

            params = new Object[] {};

         }

...

      if (shapeInputSet) {

         try {

            key = (String) shapeInputMethod.invoke(customTransform, params);

         } catch (InvocationTargetException ite) {

            setErrorPrefix("Shaping input faled in lookup");

            lookupSuccessful = false;

            ite.printStackTrace();

            throw new Exception("Lookup shapeInputMethod invocation failed:" +

               ite.getMessage());

         }

      } else {

         key = ((Field)(sourceVector.toArray()[0])).getValue().toString();

      }

Here is what the custom code might look like as it appears in a separate file and separate package.

    private SimpleDateFormat inDateFormat;

...

    private static String simpleDateFormatString = "MMMM dd, yyyy HH:mm:ss z";

...

        inDateFormat = new SimpleDateFormat(simpleDateFormatString);

        inDateFormat.setTimeZone(TimeZone.getTimeZone("GMT"));

...

    public String shapeInputSampleTimeToBatch(Vector inputVector)

        throws Exception {

        StringBuffer dateTime = null;

        for (Iterator iter = inputVector.iterator(); iter.hasNext();) {

            Field field = (Field) iter.next();

            if (field.getName().equals("dateTime")) {

                dateTime = field.getValue();

            } else {

                throw new Exception("Unexpected field named:" +

                    field.getName() + " in shapeInputSampleTimeToBatch");

            }

        }

        try {

            calendar.setTime(inDateFormat.parse(dateTime.toString()));

        } catch (ParseException pe) {

            throw new Exception(pe);

        }

        FieldPosition fieldPosition = new FieldPosition(0);

        int key = -1;

        StringBuffer timeBuffer = new StringBuffer();

        hourFormat.format(calendar.getTime(), timeBuffer, fieldPosition);

        key = Integer.parseInt(timeBuffer.toString()) * 60;

        timeBuffer.delete(0,timeBuffer.length());

        minuteFormat.format(calendar.getTime(), timeBuffer, fieldPosition);

        key = key + Integer.parseInt(timeBuffer.toString());

        return (Integer.toString(key));

    }

There are probably many other techniques for handling this customization. We wanted to use a method that prevented our generic code from having any reference of any kind to the custom code. The way we implemented this solution, our transformations do not need to import the custom file and do not need to be recompiled as we add routines to the custom object. In this way, we could have many ETL applications share the same “Lookup” transformation object.

Another choice would have been to allow different code for a “Lookup” transformation for each application. The “Lookup” transformation could then have referred to custom code in the particular ETL application. This would have required hand customization of code generated from the model. We wanted to stay away from that awkward step. This is awkward because you have to handle the problem of losing your customizations the next time you generate the code. This can be handled, but it is at least as difficult a problem as using Java reflection.

For a good resource for techniques in code generation, try “Code Generation in Action” by Jack Herrington
. This book may be particularly helpful if you decide you want to be able to modify the code that you generate from a model.
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