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Using SQL Server 2005 to Improve Worldwide Revenue Reporting at Microsoft

Published: December 2005

MS Sales is an internal, mission-critical data warehousing and revenue reporting system that provides decision makers at Microsoft with key information about worldwide sales of products. To optimize the infrastructure of MS Sales and to improve decision-support reporting, the Microsoft Corporate Strategy Planning and Analysis (CSPA) group upgraded MS Sales to Microsoft® SQL Server™ 2005. SQL Server 2005 technologies enabled the CSPA group to create a robust new ad hoc revenue reporting application to replace an earlier ad hoc reporting application and to start development of a comprehensive new business intelligence solution for next-generation revenue reporting and analysis.

The CSPA group within Microsoft Information Technology (Microsoft IT) is responsible for long-term strategic planning, budgeting, and forecasting processes at Microsoft. The CSPA group manages several internal business planning and decision-support solutions, including MS Sales. MS Sales is a mission-critical data warehousing and worldwide revenue reporting system that provides decision makers throughout the enterprise with key information about the state of the business. 

Upgrading MS Sales from Microsoft SQL Server 2000 to SQL Server 2005 enabled the MS Sales IT team within the CSPA group to take advantage of specific enterprise data management, developer productivity, and business intelligence capabilities of SQL Server 2005. The MS Sales IT team used these capabilities to deliver a robust new ad hoc revenue reporting application and to establish a comprehensive new business intelligence solution.

This case study is intended for chief information officers, technical decision makers, and business decision makers who need an integrated data management and analysis platform from which to support and run enterprise business applications.

Background
With annual revenues of more than $39 billion U.S. and with subsidiary offices in more than 100 countries, Microsoft requires a powerful, scalable, and highly reliable decision-support system to track worldwide sales of its products and to make that data available to decision makers throughout the enterprise. The system has to capture, store, and process huge quantities of sales data from many data sources. The system must also have a business logic that quickly and accurately makes the data available to reporting applications for further analysis.

MS Sales was developed some years ago for this purpose. MS Sales collects sales, inventory, and customer information from more than 900 distributors and resellers around the world. It also gathers billing, volume licensing, taxonomy, channel partner, budget, forecast, and treasury information from a variety of internal sources. The information is consolidated into a cohesive, consistent set of data and is accessed through ad hoc and standard reports. 

Through these reports, MS Sales provides decision makers with visibility into revenue generated at each point in the distribution channel—from Microsoft to distributors, from distributors to resellers, and from resellers to end customers. Decision makers use the data to analyze and assess financial performance, track licensing information, plan sales strategies, explore marketing opportunities, and find better ways to meet customer needs. 
More than 9,000 executives, financial analysts, account managers, and business users at Microsoft rely on MS Sales to provide them with up-to-date, accurate views of the business. These views empower them to make better, more informed strategic decisions about the business. 
The MS Sales data warehouse uses a distributed architecture. It runs 24 hours a day, seven days a week to continually load and process worldwide sales data to make the data available for reporting. The core functional components of the data warehouse are:

· Operational Data System (ODS). The ODS server collects sales, inventory, and customer files from external sources and billing information from internal sources. Each month, the ODS server processes more than 8,000 files that arrive by either electronic data interchange (EDI) or a Web-based interface. The data is cleansed and validated for quality and consistency, and then it is loaded to the warehouse. 
· Warehouse. Data from the ODS is integrated with data from other internal sources for normalized storage in the warehouse, which is hosted on a 32-bit, eight-processor computer that runs SQL Server. More than 12 million transactions are stored and processed here each month. The warehouse database, which is 350 gigabytes (GB) at the time of this writing and grows by approximately 6.5 GB each month, is log shipped to the factory for additional processing.

· Factory. A series of data transformations occurs in the factory, which is hosted on a 64-bit, 16-processor computer that runs SQL Server. The factory runs a process that uses stored procedures to enrich the data and create the reporting tables. Business rules are applied to denormalize, aggregate, and derive the data to a format that meets business requirements. The data is backed up and restored to the data mart servers for reporting. 
· Data mart. The data mart consists of five reporting servers, each containing an identical copy of the MS Sales database. The servers are 32-bit and 64-bit, eight-processor computers that run SQL Server. The data mart, which is 600 GB at the time of this writing and grows by approximately 8.5 GB each month, is much larger than the warehouse because the data is structured for efficient decision-support reporting. 
Figure 1 shows the core functional components of MS Sales.
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Figure 1. The core functional components of MS Sales

Situation

The reporting environment for MS Sales, which was based on SQL Server 2000, consisted of an earlier ad hoc reporting application and a variety of independent, custom-built tools that generated standard reports. 

The ad hoc reporting application was used to run queries against the data mart and return the results to a Microsoft Excel® PivotTable® dynamic view, Excel worksheet, or Microsoft Access table. The reporting application, which was created in the Microsoft Visual Basic® version 5.0 development system, initially performed adequately. However, over time, users began to experience performance issues. A performance analysis showed that nearly 9 percent of queries took more than 20 minutes to return data from the data mart. The reporting application was also limited in functionality. For example, users could not schedule a report to run at a particular time. Additionally, it did not scale well and became increasingly difficult to maintain.  

Standard reports are a collection of preconfigured reports that provide high-level views of revenue information. Each report contains custom business logic that defines the particular view represented in the report. These reports are designed to meet business-specific reporting needs and receive a high degree of visibility at the executive level. For example, committed license reports help decision makers in the Information Worker Group, Microsoft Windows® Client Group, and Server & Tools Group to better understand the revenue and license commitments of their customers. Another group of standard reports focuses on providing the World Wide Sales, Marketing and Services Group with daily, month-to-date, and year-to-date revenue summaries across pricing level, business group, and geography hierarchies. 

The tools that generated these standard reports were developed independently of each other over the course of many years and lacked a common architecture. For example, one tool is a Web-based application that displays the report in a Web browser. Another tool creates the report in an Excel spreadsheet that a user downloads to his or her desktop. The dissimilar reporting formats resulted in a disjointed user experience. Furthermore, the diverse reporting architectures meant that reporting functionality could not be easily integrated with or extended to other internal systems. 

The absence of a robust, scalable business intelligence solution meant that a significant amount of developer and IT resources were involved in supporting the changing business reporting needs of the numerous business groups at Microsoft that access revenue information in MS Sales. Support and maintenance costs were disproportionately high. 

Team Considerations

Multiple teams within the CSPA group collaborate to ensure that MS Sales continually evolves to meet business needs at a high level. The principal teams are the product management team that identifies business requirements, the business operations team that determines business rules and oversees day-to-day operations, and the MS Sales IT team. The MS Sales IT team consists of 25 members who are collectively responsible for program management and analysis, design, development, test, deployment, and support.

A core business objective of the CSPA group is to deliver strategic and high-value products and services to decision makers across the enterprise. In alignment with this objective, the MS Sales IT team recognized the need to restructure and improve the MS Sales reporting environment. The priorities of the MS Sales IT team were the following:

· Deliver a new ad hoc reporting application that is highly reliable and scalable. The requirements for the reporting application included the following:

· Improve query processing performance.

· Implement a more manageable failover strategy.

· Simplify the reporting infrastructure for easier maintenance.

· Establish a flexible and scalable business intelligence solution that provides a common reporting architecture from which to support the current set of standard reports and future reports. The goals of the business intelligence solution included:

· Implement revenue intelligence capabilities. Incorporate the ability for users to create and modify their own custom views and metrics.

· Enable information sharing. Provide support for long-term integration with other systems.

· Promote long-term support. Develop an architecture that enhances manageability, reduces complexity, and minimizes dependency on developer and other IT resources.

Solution

The MS Sales IT team was just starting to develop a new hoc reporting application on the existing SQL Server 2000 platform when the beta version of SQL Server 2005 became available. The team immediately changed its development plans and upgraded MS Sales to SQL Server 2005. The integrated data management and analysis platform that SQL Server 2005 offers provided the MS Sales IT team with the enterprise data management, developer productivity, and business intelligence capabilities to optimize the MS Sales infrastructure and improve the MS Sales reporting environment. 
Microsoft Report Analytics
Using SQL Server 2005, the MS Sales IT team released Microsoft Report Analytics (MSRA) as the new ad hoc reporting application for MS Sales in March 2005. MSRA, which is an updated version of the earlier reporting application, is used to build and run queries against the data mart and return the results to a Microsoft Office Excel 2003 PivotTable, Excel 2003 worksheet, or Microsoft Office Access 2003 table. 

The reporting interface contains drag-and-drop functionality to provide users with the ability to easily add the attributes and filters that they want. MSRA contains more than 900 attributes from which to choose. After building the query, users can immediately run the query and create the report, or users can queue the query to run it in the background, and then retrieve the report later. Users can also schedule the query to run and create the report at a particular time or when a particular event occurs. 

PivotTable reports include a drilldown feature, which enables users to create a new report based on a subset of data in an existing PivotTable report. Using the drilldown feature, users can add additional levels of detail to obtain increasingly granular views of the data. For example, an account manager can create a PivotTable report to view all sales of Microsoft Office Professional Edition 2003 to distributors in Germany for a particular month. To view additional detail about a particular aspect, such as a specific distributor or pricing level, the account manager can drill down in the existing PivotTable report to create a new report.

Figure 2 shows the MSRA reporting interface.
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Figure 2. The MSRA reporting interface

The MS Sales IT team deployed MSRA by using the following tiered architecture:

· Presentation tier. The presentation tier consists of the MSRA client application, which is installed as an Excel 2003 add-in on a user’s client computer. The MSRA client application connects to the business tier, which populates the Excel 2003 add-in with attributes and other metadata. When a user submits a query to the business tier, the query is first forwarded to an application server, which subsequently directs the query to the correct server in the business tier.

The MS Sales IT team created the MSRA client application by using Windows Forms, the Microsoft .NET Framework version 2.0, the Microsoft Visual C#® .NET 2003 development tool, and the Microsoft Visual Studio® .NET 2003 development system.

· Business tier. The business tier hosts the metadata that is used to populate the reporting interface. It also contains the business logic that resolves queries from the presentation tier into Structured Query Language (SQL) statements and then submits them to the data tier. 

The MS Sales IT team implemented an automatic failover strategy by using the database mirroring feature of SQL Server 2005. This configuration consists of three computers running SQL Server 2005—a principal server, a mirror server, and a witness server. The principal server and the mirror server host the metadata database and business logic, and the witness server actively monitors the principal server and the mirror server to determine availability. 
The business tier uses the Service Broker feature of SQL Server 2005 to distribute and route queries to the data tier for execution. It also uses common language runtime (CLR) stored procedures to monitor the status of each of the reporting servers in the data tier. 
· Data tier. The data tier consists of the data mart where queries are run against the MS Sales database. To enhance performance and maintenance, the MS Sales database uses the table partitioning feature of SQL Server 2005.

Figure 3 shows the basic architecture of MSRA.

[image: image3.emf]Business tier

Data tier

Presentation tier

Principal serverMirror server

Witness server

Clients

Application server

`

Data mart


Figure 3. The basic architecture of MSRA

The goal of the MS Sales IT team was to deliver a highly reliable and scalable ad hoc reporting application that boosts performance levels while at the same time simplifying the reporting infrastructure for easier maintenance. Achieving this goal mapped directly to certain enterprise data management and developer productivity capabilities of SQL Server 2005. These capabilities enabled the MS Sales IT team to accomplish the following. 

Fast Automatic Failover with Database Mirroring 
Database mirroring involves having two databases that contain the same information on two different servers to provide database redundancy. Database mirroring provides near instantaneous, automatic failover. In the event that the principal server becomes unavailable, the witness server designates the fully synchronized mirror server as the new principal server. 
The MS Sales IT team implemented database mirroring to replace an earlier failover solution that involved custom code and was difficult to manage. Using the database mirroring feature of SQL Server 2005 simplifies failover, provides high availability, and increases reliability because there is no single source of failure. 

Reduced Development Time and Enhanced Scalability with Service Broker 
Service Broker, which is fully integrated with the SQL Server 2005 database engine, provides an asynchronous, distributed, loosely coupled programming environment that helps developers build distributed, scalable applications. Service Broker enables applications to send and receive asynchronous messages by using Transact-SQL Data Manipulation Language (DML) extensions and uses queues to order and coordinate those messages. 

The MS Sales IT team implemented Service Broker in the business tier to distribute, route, and load balance queries across reporting servers. In the early stages of the MSRA project, the MS Sales IT team had originally expected to use SQL jobs to distribute incoming queries from the presentation tier to the data tier. However, this approach is time-consuming and labor-intensive because it means that one SQL job must be created for each query. Because each of the five reporting servers in the data mart can execute approximately 30 queries, the MS Sales IT team would have to create and manage 150 concurrent SQL jobs. It became evident that a considerable amount of resources would be required to manage and support the multitude of SQL jobs.

When the MS Sales IT team first heard about Service Broker and its scalable message-based architecture, the team changed its development plans to use Service Broker. The team discovered that Service Broker programming is easy to learn and implement. The MS Sales IT team took four days to design the query submission and distribution engine by using Service Broker and only 10 days to develop it. By eliminating the need to create hundreds of SQL jobs, using Service Broker reduced development time by 70 percent. Additionally, using Service Broker simplified the code base, reducing the amount of code by 50 percent when compared to writing SQL jobs.  

Faster Query Processing and Enhanced Manageability with Table Partitioning 
Table partitioning logically splits tables into smaller, more manageable pieces. Groups of rows are divided into horizontal partitions. These partitions can be quickly added to or dropped from an existing partition scheme, which eliminates the need to create indexes, create new tables, or administer complex UNION queries. These characteristics enable table partitioning, which is typically used for large databases that are hundreds of gigabytes or more, to improve query processing performance and simplify maintenance for very large tables.

In earlier versions of SQL Server, the MS Sales database used separate fact tables to store sales information for each fiscal month. The table partitioning feature of SQL Server 2005 eliminated the need for monthly fact tables.

The MS Sales IT team has experienced significant performance gains since it upgraded the MS Sales database to SQL Server 2005 and implemented table partitioning. The team found that query processing was up to 40 percent faster on partitioned tables in SQL Server 2005 compared to non-partitioned tables in SQL Server 2000, when tested on the same hardware.   
Note: Because the MSRA reporting architecture that the MS Sales IT team originally developed for the MS Sales reporting environment easily extends to other internal business systems, MSRA is now used as a reporting application for other internal business systems at Microsoft in addition to MS Sales. 
MS Sales Business Intelligence 

SQL Server 2005 introduced additional opportunities to extend the business value of MS Sales. Earlier efforts by the MS Sales team to implement a business intelligence solution for MS Sales were not successful largely due to performance limitations. SQL Server 2005 provided the performance enhancements and the out of-the-box technologies and tools that enabled the MS Sales IT team to meet the growing need for business intelligence.

A common description of business intelligence is the capability of collecting and analyzing internal and external data to generate knowledge and value for the organization. For MS Sales, business intelligence means providing users with fast, easy access to reports, empowering users with the ability to manage their own unique reporting needs, and minimizing dependency on developer and other IT resources to create custom views and metrics. 

In November 2005, the MS Sales IT team released phase I of MS Sales Business Intelligence, a business intelligence solution for next-generation revenue reporting and analysis, to the MS Sales reporting environment. The focus of phase I was to lay out the core reporting infrastructure and migrate a set of standard reports to the new business intelligence solution. This first set of reports, which were chosen because they contain fundamental views of revenue information that are accessed on a daily basis, serve as a pilot for implementing future business intelligence functionality.

Phase I uses SQL Server 2005 Analysis Services to create online analytical processing (OLAP) cubes that contain revenue data, calculations, and metrics. To make sure that processing performance in the factory is not adversely affected, the MS Sales IT team implemented a post-factory process from which to publish data to the OLAP factory for the creation of the OLAP cubes. SQL Server 2005 Reporting Services renders the data into reports and provides a standard, user-friendly Web interface from which to view the reports. 

Figure 4 shows the data flow for phase I of MS Sales Business Intelligence.
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Figure 4. Data flow for phase I of MS Sales Business Intelligence 

Future phases of MS Sales Business Intelligence will build on the core reporting infrastructure to incorporate additional business intelligence functionality, including the following:  

· Migrate all other existing standard reports and create new views as determined by business reporting needs. A central location for reports provides users with quick and easy access to business-critical revenue information.  

· Define a standard set of key metrics. This standard set of metrics will be extended to different business groups that access MS Sales, to enable them to develop their own business-specific metrics from which to better measure performance and identify trends.

· Integrate Microsoft SharePoint® Portal Server technologies to create dashboards or Web portals from which users will create custom views of standard metrics. 

· Incorporate drilldown reporting functionality. Drilldown reporting functionality will provide users with different levels of detail for maximum analysis. Users can then obtain increasingly granular views of the data. Additionally, users will have the flexibility of accessing the MSRA client application from within the view. As a result, decision makers will have access to a full range of views—from high-level views that display budget, forecast, and sales summaries to more detailed views that show product and customer information, to even more detailed views that represent individual licensing agreements and sales transactions.
· Integrate Microsoft Office Business Scorecard Manager 2005 technologies to build and manage scorecards and key performance indicators (KPIs).
Benefits

Upgrading MS Sales to SQL Server 2005 and using SQL Server 2005 technologies to deliver MSRA and MS Sales Business Intelligence has helped the CSPA group realize multiple benefits. Key business benefits include:

· Improved performance. For MS Sales, as with any decision-support system, performance is crucial. Users want quick and easy access to the information that they need. The MS Sales IT team strives to make sure that Microsoft executives, financial analysts, account managers, and other decision makers across the enterprise have timely access to revenue information in MS Sales. By implementing table partitioning in the MS Sales database, the MS Sales IT Team experienced performance gains of up to 40 percent for some queries, when compared to SQL Server 2000. These gains can also be considered as a scalability benefit because the team experienced the improvements in performance when running SQL Server 2005 and SQL Server 2000 on the same hardware.
· High availability. The business-critical nature of MS Sales information means that database uptime is of the utmost importance to the 9,000 decision makers at Microsoft who need ad hoc reports for their day-to-day business operations. Database mirroring provides an out-of-the-box, easy-to-manage, automatic failover solution for the metadata database in the business tier of the MSRA reporting application. By providing high availability, database mirroring improves the reliability of MSRA.
· Developer time savings. SQL Server 2005 includes many new tools and capabilities such as CLR integration, Service Broker, and enhancements to Transact-SQL that make building robust enterprise business applications faster and easier. The MS Sales IT team used CLR, Service Broker, and the new Varchar(max) data type in the business tier of the MSRA reporting application. Using Service Broker enabled a developer time savings of 70 percent when compared to writing SQL jobs. It also simplified the code base by reducing the amount of code required by approximately 50 percent. The Varchar(max) data type can hold up to 2 GB of data and is a useful and flexible alternative to the text data type that is used in earlier versions of SQL Server.
· Reduced IT complexity. Using out-of-the-box SQL Server 2005 technologies enabled the MS Sales IT team to significantly reduce IT complexity and simplify the MS Sales reporting environment. MS Sales Business Intelligence, based on SQL Server 2005 Analysis Services and SQL Server 2005 Reporting Services, provides a central location from which to access existing standard reports and future reports. By reducing the number of reporting applications and tools that are used to generate standard reports, and by delivering a more manageable ad hoc reporting application, the CSPA group expects to experience a 30 percent reduction in service requests. 
· Increased business agility. MS Sales Business Intelligence is an extensible, scalable, and flexible business intelligence solution that provides enhanced reporting and analysis for increased business agility. Thus far, the business operations team has been able to migrate the existing set of standard reports to MS Sales Business Intelligence without developer or IT involvement. The team has been able to meet aggressive business deadlines with relative ease. Future phases of MS Sales Business Intelligence will enable the CSPA group to move what would have been complex change requests into the hands of the business. Users will have the ability to create their own custom views and metrics. The simplified reporting environment enhances the ability of the CSPA group to respond to changes in business reporting needs, and it enhances the ability of decision makers to make better business decisions based on changes in the business environment.
Conclusion

At Microsoft, understanding the purchasing histories and habits of customers is fundamental to making well-informed, strategic business decisions. The business-critical revenue information in MS Sales helps decision makers throughout the enterprise gain greater insight into how to best respond to changes in the business environment and how to best meet customer needs. 
The enterprise-ready, out-of-the-box functionalities in SQL Server 2005 enabled the CSPA group to reduce IT complexity and increase the business value of MS Sales by improving how MS Sales delivers information to its users. Benefits derived from the enterprise data management, developer productivity, and business intelligence capabilities in SQL Server 2005 include improved performance, high availability, and developer time savings. Providing fast, easy, and reliable access to the information in MS Sales translates to increased business agility, better business decisions, and faster business results.
For More Information

For more information about SQL Server 2005, visit the following Microsoft Web site:

http://www.microsoft.com/sql/2005
For more information about Microsoft products or services, call the Microsoft Sales Information Center at (800) 426-9400. In Canada, call the Microsoft Canada information Centre at (800) 563-9048. Outside the 50 United States and Canada, please contact your local Microsoft subsidiary. To access information via the World Wide Web, go to:

http://www.microsoft.com
http://www.microsoft.com/itshowcase
http://www.microsoft.com/technetitshowcase
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“SQL Server 2005 provides scalability and security, with great performance and developer productivity right out of the box." 


Ketan Patel


Development Lead


Corporate Strategy Planning and Analysis


Microsoft Corporation








Situation


The CSPA group within Microsoft IT wanted to restructure and improve the reporting environment for MS Sales. MS Sales is an internal data warehousing and worldwide revenue reporting system that provides more than 9,000 decision makers at Microsoft with business-critical revenue information. 


Solution


The MS Sales IT team within the CSPA group used SQL Server 2005 technologies to deliver Microsoft Report Analytics, a robust, ad hoc reporting application; and MS Sales Business Intelligence, a comprehensive business intelligence solution. 


Benefits


Improved performance. Table partitioning improves query processing performance. 


High availability. Database mirroring enhances availability by providing rapid automatic failover.


Developer time savings. Service Broker helps make development of distributed, asynchronous applications faster and easier. 


Reduced IT complexity. Using out-of-the-box SQL Server 2005 technologies simplifies the reporting environment.


Increased business agility. Enhanced reporting and analysis increases the ability to respond to changes in the business environment.


Products & Technologies


Microsoft SQL Server 2005


Microsoft SQL Server 2005 Analysis Services


Microsoft SQL Server 2005 Reporting Services


Microsoft Office Excel 2003


Microsoft .NET Framework version 2.0


Windows Forms


Microsoft Visual C# .NET 2003


Microsoft Visual Studio .NET 2003














“SQL Server 2005 is the cornerstone that enabled us to simplify and improve the MS Sales reporting environment. With MS Sales Business Intelligence, we now have a reporting and analysis solution that enables users to access critical revenue information faster and better than ever before, while enabling the CSPA group to execute on its long-term business intelligence strategy." 


Leonard Weekley


Lead Program Manager


Corporate Strategy Planning and Analysis


Microsoft Corporation
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