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1. Scope

The paper describes the current capability and design of the Joint Electronic Commerce Program Office (JECPO) Electronic Commerce (EC) Warehouse.  An additional goal is to give some understanding of what a Data Warehouse is, and what role it can play in providing the logistics community with valuable information.

2. Introduction

The Department of Defense (DoD) has begun moving to a “new approach” to logistics. Specifically, DoD is doing the following:

· Moving the logistics data format to a more robust data format based on the ANSI X12 standard. This set of ANSI X12 implementation conventions is the Defense Logistics Management System (DLMS).

· Encouraging business reengineering of the logistics process (parallel to the move to DLMS) to best use the improved data format.

· Expanding the use of commercial products and adopting commercial processes in DoD business to enhance partnering with the private sector and reduce the cost of logistics support

Reducing the logistics cycle time is a primary goal of this new approach. Improved speed is a satisfying goal, but to ensure that logistics development moves in the right direction (that is, towards efficiency, effectiveness, and quick responsiveness), an enterprise-wide information capability must be central. EC by its purpose and design reduces process cycle times. Figure 1, “EC View of the Logistics Lifecycle”, shows that the cycle time to respond to Warfighter requirements will shrink only as the many logistics functions are integrated.
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Figure 1.  EC View of the Logistics Lifecycle

3. Information As An Asset

The guiding document for future DoD doctrine is the Joint Chiefs of Staff’s Joint Vision 2010. This document emphasizes the requirement for improved logistics support or focused logistics.

Focused logistics will be the fusion of information, logistics, and transportation technologies to provide rapid crisis response, to track and shift assets even while en route, and to deliver tailored logistics packages and sustainment directly at the strategic, operational, and tactical level of operations.

Joint Vision 2010 and focused logistics have led to the development of several new concepts, including the Global Combat Support System (GCSS), “an approach that focuses on the development of a common operating environment, common data environment, and shared infrastructure services that enable interoperability.”
  A series of reports by the Office of the Assistant Deputy Under Secretary of Defense for Logistics Business Systems and Technology Development, Defense Information Systems Agency (DISA), and other DoD agencies followed the publication of Joint Vision 2010 and the GCSS concept, further defining the technical environment that constitutes GCSS and supports Joint Vision 2010.  These documents identify the following two requirements:

· Use logistics information as an asset

· Exchange data effectively among new and existing legacy systems until the targeted logistics information systems operate through shared data

In the foreseeable future, most of the logistics information flow will be transactional; that is, machine to machine.  This type of transactional processing is known as On-Line Transactional Processing (OLTP).  A primary focus of the DoD logistics initiative should be how to best capture logistics data at the transactional level, and then transform this data and deliver it via a robust reporting and analysis tool.  This reporting and analysis tool needs the capability for the user to ask “what if” and “cause and effect” focused questions, and to retrieve answers that are timely and accurate. DoD’s vision of focused logistics information is achievable using data warehousing technology.

Figure 2, “Integrated Business Process”, adds the next layer of detail to the EC logistics vision.  The diagram shows the natural flow of a requisition, from the request for quotation to monitoring the delivery, invoicing, and payment of the requested component. This integrated business process supports the integration of government-to-government and government-to-industry processes, and the reduction of infrastructure costs. It also captures transactional data, producing the valuable information needed to manage and report on the logistic process at the enterprise level.
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Figure 2.  Integrated Business Process
4. What is a Data Warehouse? - Background

Through the 1980s, database engineers struggled with relational database technology to achieve high data rates, “stuffing” relational systems with thousands of transactions per second. In the effort to achieve these high volume rates, the techniques of data modeling in normal form (NF) became the ever-increasing focus of database designers. The results of this effort, however, did not transform this transactional data into useful information as seen by the functional users. Lack of access to the data and poorly developed formats were primary stumbling blocks. While expectations for relational systems to produce information remain high, there is increasing recognition that collected data is useless without the ability to transform it into meaningful information. Thus developed the concept of a Data Warehouse (also known as a dimensional Data Warehouse).
Data Warehouses are designed for viewing or getting information out, versus stuffing data into a relational database management system. The role of a logistics-based Data Warehouse is to publish the logistics corporate data for use by DoD and other Federal agencies. The driving force is the certainty that the information is valuable, achieved through intelligent selection and formatting of the data to meet quality standards. Data Warehouses are designed to organize large volumes of transactional data in the business context. The Data Warehouse’s organization of data, coupled with a user-friendly interface, navigable in a business information context, allows the logistics decision-maker to perform trend, cause-and-effect, and predictive analyses of volumes of data.

The ability to access and view the organization’s information reflects a significant shift from the traditional OLTP model associated with relational database management systems towards a Data Warehouse model.  The OLTP model allows an organization to work efficiently, from initial data entry and production control (as in a manufacturing assembly line) to answering narrow “what do I need,” day-to-day questions.  A Data Warehouse system assists management in determining how an organization performs and provides feedback through answers to context-sensitive queries, as well as provides strategic and tactical reporting capabilities. This Data Warehouse methodology maximizes the ability to sort, collate, and consolidate data from any perspective and view the information in a business context.
5. Data Mart – Subset of the Data Warehouse

Data Warehouses are comprised of Data Marts tailored to answer specific types of questions, and are targeted at specific functional areas, such as supply chain management, invoicing, billing, disbursement, or material shipments.  These Mart-specific categories could include statistical metrics from focused queries such as “backlog volume by maintenance depot or equipment type over time” or “logistics cycle time analysis for trends and identification of delay points over time.”

The central Data Mart design is based on dimensional data modeling using star schemas.  Star schemas are normally constructed with a central fact table and multiple dimension tables. The central fact table, often with billions of rows of data, is the most prominent component of the star schema. Fact tables are dynamic and hold information that business decision-makers collectively analyze. Dimension tables provide descriptive attributes that relate to and amplify the data contained in the fact table.

For example, in a manufacturing process Data Mart, a Time dimension table would contain units of time, such as fiscal year (FY), calendar year (CY), and days of the week; a Product dimension table might include part attributes, including part number, size, price, and weight; and another dimension table might contain plant locations. Comparing these attributes against the fact table, a manager could study the manufacturing process across factory locations, and then analyze the results by day or year (FY or CY). From the initial query results, the manager can begin to ask about trends and ask “what if” questions.
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Figure 3.  Example Star Schema Model

Sophisticated Data Warehouse query tools work far more quickly and efficiently against star schema than against traditional NF relational database design, principally because fewer data tables must be combined (joined) to produce an answer to a query.

6. Publishing the Information

One of the best technologies that can be used to view and interact with the information in a Data Warehouse is an On-Line Analytical Processing (OLAP) tool. The OLAP tool, coupled with the Data Warehouse, allows the user to explore data wherever intuition and investigation leads. OLAP tools permit the user to conceive questions and find answers to those questions in real time.  This ability to analyze and explore is the principal advantage of an OLAP system.  No longer must the user request technical support before asking the next question.

OLAP tools provide multidimensional analysis, allowing the user to view data that has been organized into various categories or “dimensions.”  In a sense, OLAP permits the user to synthesize and abstract enterprise-wide information through comparative, personalized viewing.  This permits an individual to project trends, analyze cause and effect relationships, and provide predictions based on past performance.

7. Where a Data Warehouse Fits In an Integrated Logistics System

The Data Warehouse Toolkit suggests that any Data Warehouse should be implemented separately and distinctly from the OLTP. The rationale is to allow the OLTP system to primarily focus on the speed of the server and reliability concerns. Also, the Data Warehouse is normally centralized. The Data Warehouse should extract required information from the OLTP application passively, and, ideally, at the time of least processing load on the OLTP systems. Additionally, the Data Warehouse should be an open system, so data feeds from legacy systems can be included to increase the Data Warehouse capability and power.

Figure 4, EC Warehouse Architecture in Relationship to EC Infrastructure, shows the relationship between the EC Warehouse architecture and the EC infrastructure.
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Figure 4. EC Warehouse Architecture in Relationship to EC Infrastructure

The EC Warehouse exists physically separated from the EC Infrastructure, as suggested. The diagram shows an architecture where all transactions are passed between government Automated Information Systems (AISs), or between government AISs and commercial Trading Partners (TP) using Value Added Networks (VANs), and are captured by the EC Warehouse. The Data Marts use subsets of this data to provide management review and insight. Users can access the Data Marts through a commercially available OLAP system, giving the ability to ask questions directly to the Data Mart.

8. EC Warehouse Implementation

The purpose of the EC Warehouse is to serve as the enterprise-level repository for data received from any OLTP system. The EC Warehouse currently captures statistical data regarding electronic transactions sent from the Electronic Commerce Processing Node (ECPN), a main OLTP system of the EC Infrastructure. A short-term requirement is to make this Data Warehouse capability available for the DAAS-C and DoD EMALL.

EC Warehouse architecture has two levels of data storage, each maintained within a separate database:

· The first storage level, the enterprise-level repository, contains all data that the EC Warehouse collected in a single, Oracle database called the Data Warehouse database.

· The second storage level, the focused repository, contains a subset of data from the enterprise-level database, and is designed for rapid information retrieval. This focused repository is implemented in Oracle and is known as the Metrics Data Mart database.

· EC Warehouse architecture is designed to support multiple focused data repositories, each focused on a specific subset of data from the enterprise-level database. Each of these focused data repositories is known as a Data Mart.

8.1 EC Warehouse Architecture

After data for an entire processing day is delivered to the EC Warehouse, the data is loaded into the Staging logical division. Selected data is reformatted and then loaded into the Operational Data Store (ODS) logical division. Data pertaining to a particular Data Mart is then extracted from the ODS and loaded into that Data Mart. The extraction and data load process flow is illustrated in Figure 5, EC Warehouse Design Architecture.
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Figure 5. EC Warehouse Design Architecture

8.2 Data Warehouse Design

As discussed previously, the Data Warehouse database is a physical database made up of the following logical divisions:

· Staging

· Operational Data Store

· Metadata

Staging

The Staging logical division serves as a preliminary holding area for data received. The data stored in Staging reflects the load of the elements desired for a complete processing day and reflects the data in its original form from the source system. Some data elements are stored here that result from derived or calculated information. When the data is extracted from Staging, it undergoes a data transformation. Fields are derived, eliminated, reformatted, and standardized to ensure consistency.

8.2.1 Operational Data Store

The ODS serves as the repository for all data and continues to accumulate records over time. The ODS is populated with data extracted from the Staging logical division. The ODS also contains reference tables populated with data received from other sources. The Data Warehouse also serves as the source for populating each existing Data Mart.

8.2.2 Metadata

The Metadata logical division captures information about the Data Warehouse and Data Mart(s). The Metadata area holds statistics on every data element stored in each Data Mart and the Data Warehouse database. The Metadata logical division also provides information on the status of the EC Warehouse daily load process. Users can also access the data stored in the database for elements such as size, type, and source.

8.3 Metrics Data Mart Database Design

The purpose of the Metrics Data Mart database is to serve as the focused data repository, allowing DISA to determine ECPN usage. The Metrics Data Mart database also serves as the source for statistical reports and graphs of the Decision Support System (DSS).

After data is extracted from the Data Warehouse database ODS area, it is loaded into the Metrics Data Mart database area. After the Data Mart has been populated with data, the DSS can query the Data Mart to populate statistical reports and graphs. These reports answer the “who,” “how,” “when,” and “why” relating to EC Infrastructure use.
9. Metrics Data Mart Implementation

The Metrics Data Mart contains dollar amounts and procurement metrics for purchases whose transactions passed across one of the ECPNs. Similar information for procurement relating to DAAS-C and the DoD EMALL will be available soon.  This information is presented in spreadsheet format or via a commercial off-the-shelf OLAP tool that serves as a decision support system. This lightweight client application makes the Metrics Data Mart available via the Internet. The procurement data does not contain procurement-sensitive, proprietary, or Sensitive-But-Unclassified data.

The JECPO is developing permissions for access to the Metrics Data Mart.
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· Inmon, W. H., Welch, J. D., and Glassey, Katherine L. Managing the Data Warehouse, New York: John Wiley and Sons, 1997.

· Inmon, W. H.  Building the Data Warehouse, New York: John Wiley and Sons, 1996.
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11. Acronyms and Terms

Acronym/Term
Definition

AIS
Automated Information System

ANSI
American National Standards Institute




DAAS-C
Defense Automated Addressing System-Center

DISA
Defense Information Systems Agency

DLMS
Defense Logistics Management System

DoD
Department of Defense

DSS
Decision Support System




EC
Electronic Commerce

ECPN
Electronic Commerce Processing Node

ECW
Electronic Commerce Warehouse

EMALL
Electronic Mall




FTP
File Transfer Protocol




GCSS
Global Combat Support System




HP K-140
A model of Hewlett-Packard multi-processor




INRI
Inter-National Research Institute, Inc.

IPT
Integrated Product Team




JECPO
Joint Electronic Commerce Program Office




NF
Normal form




ODS
Operational Data Store

OLAP
On-Line Analytical Processing

OLTP
On-Line Transactional Processing




TP
Trading Partner




UDF
User-Defined Format

USAF
United States Air Force




VAN
Value Added Network
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