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Introduction

The Army solution, from a systems point of view, is presented in Figure 1. From a business process point of view, the SALE architecture defines a single integrated solution. From a systems point of view, PLM+ was defined as the single point of entry for Army logistics, and the broker of technical information across Army logistics, including the Logistics Modernization Program (LMP), and the Army logistics component of the Global Combat Support System; i.e., GCSS-Army.
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FIGURE 1: SALE System Architecture Overview
Since the publication of the SALE architecture, there has been much discussion about PLM+, including a clear definition of what it is and how it relates to the rest of the Army and the Department of Defense (DoD). 

This white paper provides an overview of the Army’s PLM+ solution, with a focus on providing a general understanding of the concept and its components. This paper does not focus on implementation strategies and ownership. 

PLM+ is an acronym that represents the combination of two solution components within the mySAP solution:

Product Lifecycle Management (PLM), and
NetWeaver.
Hence, the acronym PLM+ describes an SAP PLM solution plus a NetWeaver solution. NetWeaver has multiple components (discussed later), but our focus is primarily on two key components: Exchange Infrastructure (XI) & Master Data Management (MDM).

A high-level depiction of the PLM+ components is presented in Figure 2. In this figure, NetWeaver is depicted in terms of the major subcomponents mentioned above.
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FIGURE 2: A Component View of PLM+

This white paper provides additional information on the components that are presented in Figure 2. The details are described in the sections that follow.

We also discuss some of the subcomponents of PLM, with a focus on the major subcomponents:

Product Data Management (PDM), and
Enterprise Document Management (EDM).
This leads to a discussion of a DoD framework that is known as Service Data Management (SDM). Since SDM has received attention in the DoD, we also show how SDM relates to PLM and the integrated Army logistics solution. We also argue that SDM should not be separated from PLM. The Army has selected the SAP standard software solution to enable integrated business processes across Army logistics. Since SDM is a subset of PLM, and since SAP provides an integrated solution containing both, it makes no sense to SDM as a stand-alone point solution when it can be implemented as an integrated solution within SAP.

Product Lifecycle Management

P
rivate sector companies often have product managers. They manage the product lifecycle from “cradle to grave.” This includes R&D, engineering, production planning & control, manufacturing, distribution, maintenance, support, and return & disposal. All of the major ERP vendors support this Value Chain concept using an integrated approach called Product Lifecycle Management. 

PLM is a concept that brings together in one shared environment everyone involved in product development, manufacturing, and customer service. PLM takes into account that for most products, development is influenced by feedback from the marketing and field-support segments of the product lifecycle. PLM interprets this extended value chain of influencers as one business process, as opposed to a series of separate silo-based business processes. Hence, all value chain participants need direct access to product-related information. 

The SAP functional view (see Figure 3) is a static representation of a complete PLM solution as defined by SAP’s customers through its user support groups
. The function view is static, so it is impossible to visualize the cross-functional aspects of PLM with Figure 3; hence, a dynamic representation is required. The value chain view (see Figure 4), which plays a critical role in the Army’s Logistics Enterprise architecture, spans across the logistics enterprise and its extensions. The business processes in Figure 4 span the functional silos as required by the definition of PLM.

The value chain view is critical for understanding the Army solution. As noted by Michael Porter, “every product follows a critical path through the company, from its inception to its delivery as a finished article. The value chain is critical because it demonstrates that the company is more than just the sum of its parts.
” This understanding is crucial, because activities in a value chain are connected, and the work that is completed at one-stage affects what happens at the next. SAP’s strategy is to capture this value chain as a single integrated solution; hence, the Army’s strategy is to include all value chains inside of SAP.
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Figure 3: An SAP Customer View of PLM Functionality
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Figure 4: The Value Chain View of PLM
From an implementation point of view, PLM has the greatest penetration in the automotive and high tech industry sectors, with aerospace and defense being third. These industries are characterized by large numbers of complex product structures that must be managed across multiple views of product data. Given the nature and complexity of weapon system product data, the Army is an organizational “fit” for implementing PLM functionality. General industry PLM metrics are presented in Internet World (2003).

The DoD equivalent to PLM is Total Lifecycle Systems Management [DUSD (L&MR), 2002], a major component of the Future Logistics Enterprise. The program manager (i.e., the DoD equivalent of the product manager) is responsible for managing the complete weapon system lifecycle, which includes concept development, R&D, acquisition, testing, initial fielding, sustainment (including maintenance), in-service support, and disposal.

Since the commercial and DoD solutions are similar, the Army’s end-to-end value chain can be aligned with the commercial ERP software solutions. The Army has already made the decision to align its value chain with the SAP software solution, and SAP provides a full and integrated solution for PLM. PLM is the integrating thread that pulls all value chain participants into the same integration domain.

Product Data Management

Product Data Management (PDM) is a combination of change and distributed electronic document management to support product development in manufacturing. PDM emphasizes the managing of formal product structures; therefore, the concept favors discrete manufacturing. PDM is a subset of PLM, with the following capabilities:

Configuration management,

Data control and vaults,

Archiving,

Access control and security,

Release and approval,

View and markup, and

Engineering change management.

PDM favors the front end of the Product Lifecycle Management process, where engineering data is created. In fact, PDM is a critical business process to support design engineers at the weapon system manufacturer. PDM is also a critical component at the weapon system program office, since government personnel must collaborate with commercial design engineers. The main point is that the weapon system manufacturer and the weapon system program office are the critical data creators in the PDM process. Over the total PLM business process, which includes PDM, most value chain participants are technical data viewers, not requiring much of the functionality of commercial PDM solutions. The heavy PDM users reside at the weapon systems manufacturer, which is also the definitive source and management point for product data.

The SALE architecture demonstrates how technical data is the end-to-end thread that flows through the Total Lifecycle Systems Management value chain; hence, PLM and its subset PDM are critical parts of the Army’s ERP solution, even though PDM is a major responsibility of the weapon system OEM.

Service Data Management

Technical document management is also a subset of Product Lifecycle Management. Technical document management is composed of two parts:

Enterprise Document Management and Publishing (EDM), and

The delivery of technical documentation as Interactive Electronic Technical Manuals and other formats.

Accenture has defined this package as Service Data Management: “Service Data Management is the creation, storage, retrieval, update, and distribution of information relative to the operation and/or maintenance of high-value complex assets.” Accenture has provided a conceptual Solution Blueprint for Service Data Management
, and the SALE architecture includes the business process requirements of Service Data Management. The Army PLM solution leverages the SDM concept by providing a fully integrated (as opposed to interfaced) Service Data Management Solution.

The Accenture functional concept is presented in Figure 5.
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Figure 5: Service Data Management Functional Concept
Accenture does not recommend a solution per se, but demonstrates that “any number of products can be used in combination to realize the unforeseen benefits.” This collection of product approach is presented in Figure 6
. We call this approach a “point solution,” since it does not leverage integration. The Army’s approach is to include as much functionality as possible inside SAP, leveraging the benefits of total enterprise integration.
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Figure 6: Service Data Management Sample COTS Products per Category
Accenture does not align products specifically with a systems architecture, since that was not their intent. However, a generic system architecture is presented. This architecture is reproduced as Figure 7.
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Figure 7: Accenture Service Data Management Architecture
While this architecture could be implemented with any number of products as suggested by Accenture, the U.S. Army made a decision to preserve the integration domain. That is, a collection of COTS products would have to be interfaced to SAP, and furthermore, critical master and transactional data would have to be constantly reconciled in order to maintain integrity across all of the components. The Army solution adheres to the Accenture business process requirements, but eliminates the interfaces. Furthermore, by staying inside the integration domain, all technical data, including product data and service data, is retained in the same integration domain. This means that all relevant data is instantaneously available without passing through disparate application program interfaces. 

SDM-PLM Gap-Fit Analysis

The Army logistics solution meets the requirements of the Accenture Service Data Management Conceptual Blueprint, but the Accenture concept is extended in the Army solution in a powerful way. Figure 8 shows the alignment of the SDM functional requirements to PLM.
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FIGURE 8: SDM Functional Requirements mapped to PLM 

The Army solution preserves the integration integrity of the SAP software, making all relevant data instantaneously available without having to pass through disparate application program interfaces. This allows the Army to minimize interfaces while maintaining all technical data (service and product) within a single authoritative data source. That is, SDM as defined by Accenture, provides a point solution for presenting technical documents.  Figure 9 shows how a separate SDM solution would have to be interfaced back into the Army Product Lifecycle Management approach.
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FIGURE 9: SDM interfaced into PLM 

Figure 9 shows that the PLM Process Requirements include more than the publishing of technical data. These process requirements include:

Automatic Generation of Work Orders based on Supplier’s Product Data (Scheduled Maintenance)

Consistent Asset Configuration and Technical Data Integration

Fully Integrated Engineering Change Management (Product and Asset Data)

EH&S Requirements Integrated into the Supply, Maintenance and Transportation Management (Dangerous Goods and Product Safety)

The Army solution for PLM includes SDM as a subset, while at the same time providing full integration with all back-office maintenance, supply, financial, and other business processes.

TDM is a subset of SDM

SDM is a subset of the Product Data Management

Product Data Management is a subset of PLM

PLM is a subset of PLM+

NetWeaver

N
etWeaver is an SAP product that is used to construct what Gartner calls a Composite Application (Valdes, et al., 2002). Gartner notes the following:
“In recent years, a notion has arisen of a new, more-efficient approach to building applications. This particular vision has been labeled Composite Applications or Composite Apps. The general notion of composite apps is that they are composed of pieces of other applications (logic and data). They can be viewed as enterprise-level applications built at tactical speed with a minimum of coding, by using integration technologies to draw on code and data repositories within the enterprise. Beyond this general notion, there is a wide variation in the vision, as espoused by different vendors in different product sectors.”

Within the above context, the Army’s logistics solution qualifies as a Composite App that is linked together with the NetWeaver solution. 

A summary overview of the NetWeaver components is presented in Figure 10.
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Figure 10: SAP NetWeaver Components
The next point is key for understanding NetWeaver. With one exception, NetWeaver is not a new product. As can be seen in Figure 10, NetWeaver represents the bundling of existing SAP products. The single exception is Master Data Management. Also, since the Exchange Infrastructure (XI) is also critical to the Army solution, this topic is discussed in a later section.

NetWeaver is the next step in a logical progression for the Army. The new SAP architecture, the Enterprise Services Architecture, is a Web Services-based architecture. NetWeaver implements the Enterprise Services Architecture, and SAP is designing all solutions to run on an Enterprise Services Architecture. This provides risk mitigation to the Army, since NetWeaver is indeed the technical foundation for SAP’s future.

Exchange Infrastructure

The SAP Exchange Infrastructure (XI) enables inter-system communication in a heterogeneous, multi-vendor technology environment. XI combines traditional Enterprise Application Integration (EAI) technology for communicating with external systems, while using optimized internal messaging across SAP components. This is a key component of the Army’s architecture, because SAP Master Data Management runs on top of XI, which enables master data integration. That is, during distribution, SAP MDM uses XI to transport business objects to predetermined local systems within the distributed IT environment. XI provides unique routing execution, queuing, and format conversion capabilities for the secure transport of objects to their proper destinations.

XI follows a hub and spoke publish/subscribe model of EAI. Objects (or other data) marked for distribution are sent to the XI platform using open protocols and standards such as HTTP, XML, and XSL. This is the publishing component of the mechanism. A central routing model within the XI platform stores information regarding which systems want access to the objects (or other data). This is the subscribe part of the mechanism. When it receives new data, XI performs value mappings (required for objects identified by different keys in multiple systems) and structural conversions (used for semantically equivalent types that are syntactically or structurally different). Once properly prepared, XI distributes the data to interested systems using a queuing mechanism that guarantees that messages are delivered consistently and exactly once. Put simply, XI evaluates each object, places it in a queue, and then distributes the objects in an order that maintains transactional integrity across the various systems.

Internal and External Communications

This section is critical for understanding why we recommended SAP as the solution for the brokering of technical data across the Army logistics enterprise. We have already discussed that SAP’s PLM solution minimizes interface requirements across the field and national Army. However, there is also a pure technical reason for selecting the NetWeaver solution with Exchange Infrastructure. For transport across SAP components, the communication uses native SAP messages (e.g., IDocs) optimizing the movement in high volume situations where XML overhead would be too high. For external systems, traditional connectors are used. Figure 11 provides an overview of this hub and spoke model, and Figure 12 depicts the external and internal communications processes.
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Figure 11: Conceptual View of SAP Exchange Infrastructure
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Figure 12: Internal and External Communications with Exchange Infrastructure

These figures show the messaging flows and system components across SAP and non-SAP components. For non-SAP components, traditional EAI connectors are used, but messaging among SAP components is optimized using SAP technologies. This was a critical point for understanding why we recommended that SAP technologies be used in the hub that is aligned with PLM+. 

The technical design of the XI allows for the sharing of business semantics, which eases the integration of both external and internal components. Instead of directly coding point-to-point interfaces for each new component, SAP XI allows instant plug-in of new components once per component. Further, the various adapters allow for optimized messaging specifically tailored to various architectural landscapes. This provides the flexibility that is required in today’s fast-changing world, and it reduces integration costs.

Master Data Management

In the SAP standard software solution, Master Data is data relating to individual objects, which remains unchanged over an extended period of time. Master data contains information that is used in the same manner for similar objects. Examples would be the master data of a supplier containing name, address, and banking information, or the master data of a user in the R/3 System, containing the user's name, authorizations, default printer, etc.

For the Army Single Logistics Architecture solution, the management of master data across multiple systems is a critical requirement. The Army has made the decision that one set of master data is the only acceptable solution. The architecture is constructed to accommodate this requirement. Our recommendation is that the SAP Master Data Management (SDM) solution be implemented, since this solution preserves the integration domain while minimizing interfaces.

The SAP MDM solution consolidates master data objects, harmonizes the master data, and supports the maintenance of a complete object definition, including object dependencies, in a centralized server for master data. The SAP Master Data Management solution is a component of the NetWeaver architecture, and the master data management process, MDM uses the SAP Exchange Infrastructure (XI) to transport business objects to predetermined local systems within the distributed IT environment. While MDM is responsible for defining business objects and maintaining them over time, XI provides unique routing execution, queuing, and format conversion capabilities for the secure transport of objects to their proper destinations.

Master Data Server

The Master Data Server (MDS) serves as the central processing unit for the handling of master data across the enterprise. It is ultimately the MDS that enables the consolidation, harmonization, and distribution of the master data across the Army logistics enterprise. While all data is administered by the MDS, data creation and maintenance can be executed within both the MDS and the connected local systems (LMP and GCSS-A/T).

MDS tasks and capabilities are classified under three layers:

Object Layer: The object layer describes the master data objects in a flexible and extensible way.

Service Layer: The service layer provides generic services and methods for the management of master data. These include object creation, change and status management, querying, routine maintenance, authorization, workflow, collaborative data cleansing, etc. Services can also be exposed as Web Services where necessary.

Provisioning Layer: The provisioning layer controls master data distribution in tight integration with SAP’s Exchange Infrastructure.

A visual representation of Army MDM is presented in Figure 13.
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Figure 13: Army Master Data Management as part of the PLM+ Solution Component
In Figure 13, the Master Data Server is part of the PLM+ solution.

Analysis of the MDM Solution

The SAP MDM solution is a new component in the NetWeaver solution. Product development was frozen in February 2003, and the first version of the product will be shipped in the third quarter of 2003. The initial shipment will probably be a mature product, however it is limited in that it will not be operational for all data masters; i.e., the first releases will be the customer and vendor masters.  Since this product is a critical part of the Army solution, we analyzed it in more detail. This analysis included some extensive discussions with SAP America and the MDM development team at SAP AG.

Our interviews revealed the following. SAP has been managing master data across components for years. However, this form of master data management has been on a component-by-component basis. For example, MDM across R/3 and APO might be handled differently than across R/3 and CRM. The SAP customer base has demanded a common approach for managing master data, and the new MDM component in NetWeaver is SAP’s response to the customer.

The implication is that the MDM product is not a completely new offering, but a consolidation and standardization of multiple existing approaches to the management of master data. This implies a contingency plan with a migration path if MDM does not mature as scheduled. If SAP deviates from the current rollout plan, the component-by-component approach could be used, with a migration to MDM on a new rollout plan. SAP has confirmed that such an approach is possible. However, we fully expect that SAP will meet its rollout commitments, and we are confident that MDM will mature as promised. Our intent was to ensure that the Army has a contingency plan, given that MDM is a critical component of the solution.

Summary and Conclusions

t
his white paper describes the components of PLM+. This paper does not discuss project ownership and implementation strategies, but focuses more on understanding the concept and its integrative nature across the Army. For Army logistics, weapon system technical data and environmental, health, & safety data are shared across the enterprise. PLM is the mechanism for providing the data, and NetWeaver is the mechanism for brokering and distributing the data.

We also show that Service Data Management is a sub-component of PLM. We argue that it should not be implemented as a fragmented point solution, but inside of SAP as a part of the Army’s integrated solution. SDM, as defined by the DoD, is enterprise document data, and it makes no sense to separate enterprise document management from product lifecycle management, when SAP provides both as a single integrated solution.
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� The complete Product Lifecycle Management solution map may be downloaded from the following URL: � HYPERLINK "http://www.sap.com/businessmaps/pdf/Product_Life_Cycle_Management_Solution_Map.pdf/" ��http://www.sap.com/businessmaps/pdf/Product_Life_Cycle_Management_Solution_Map.pdf/�.


� See Witzel (2003).
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� This is a reproduction of Figure 7 from the Accenture Conceptual Solution Blueprint.
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