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4.1 Systems Architecture 

This section will present a review of the options that P&R has at its disposal to approach the overall architecture of an integrated financial system.  This section will also provide a review of potential decision points and choices that will contribute to the architecture design.  Finally, it will offer an architecture recommendation and approach for a potential systems design and integration effort.

Architecture Defined

The creation of software system architectures prior to design and development, especially for medium to large systems, is critical to success and will render significant down-stream benefits. Organizations cannot hope to design, build, and implement a satisfactory data management system unless the architecture is appropriate, suitable, and effectively communicated.  Architectures are a vehicle for early analysis to make sure that the design approach will yield an acceptable system that ties back to operational business requirements.

“An architecture is the set of significant decisions about the organization of a software system, the selection of the structural elements and their interfaces by which the system is composed, together with their behavior as specified in the collaborations among those elements, the composition of these structural and behavioral elements into progressively larger subsystems, and the architectural style that guides an organization---these elements and their interfaces, their collaborations, and their composition effectively make up the architecture.”

There are three prevailing architecture types that are evaluated in the determination of a system that supports the business requirements of an organization.  The three architecture types are:  

· Operational Architecture

· Systems Architecture

· Technical Architecture

Each of these architectures is defined below based on the U.S. Army’s explanation of the terminology.  These definitions were chosen because they are most closely aligned with an organizational domain similar to the Marine Corps.  There are a number of definitions that could be chosen, however the team felt these were the most appropriate.

· Operational Architecture is a description, often graphical, which defines the [force] elements and the requirement to exchange information between those [force] elements. It defines the types of information, the frequency of its exchange, and what [warfighting] tasks are supported by these information exchanges. It specifies what the information systems are operationally required to do and where these operations are to be performed. 

· Systems Architecture is a description, often graphical, of the systems solution used to satisfy the [warfighter's] Operational Architecture requirement. It defines the physical connection, location, and identification of nodes, [radios, terminals, etc.,] associated with information exchange. The Systems Architecture is constructed to satisfy the Operational Architecture requirements.

· Technical Architecture is the minimal set of rules governing the arrangement, interaction, and interdependence of the parts or elements that together may be used to form an information system. Its purpose is to ensure that a conformant system satisfies a specified set of requirements. It is the build code for the Systems Architecture being constructed to satisfy Operational Architecture requirements. 

Section 2.0 of this White Paper explored the business issues and challenges that P&R faces, and identified data management areas that at a macro level lay out the requirements needed to satisfy the operational context of a To-Be architecture.  The concerns were mapped to available toolsets in Section 3.0, which also contributes to the recommendations that will be made in this section, and supports the operational framework of a system.  The Technical Architecture is a step that will have to be undertaken after this assessment is completed and the desired components and toolsets are selected.  At this point, only the Systems Architecture will be discussed from the perspective of the definition presented above.  The following sub-sections will discuss the factors that must be accommodated in developing the architecture approach.

4.2 Architecture Considerations, Drivers, and Existing Systems 

In the design of the integrated financial systems architecture, there are a series of assumptions and considerations that must be made in order to begin the design phase.  These assumptions are derived from the current IT environment of the department as outlined in Section 3.0.  Additionally, this section will address the spectrum of approaches to systems integration options including custom integration, COTS solution, and COTS integrated with GOTS options.  The architecture will address the requirement to support process change and the coordination of parallel transactional processes that may be deviations from historical approaches to data management within the P&R PPBS process.

4.2.1 Considerations

The solution that will ultimately be designed, developed, and implemented will be required to meet certain regulatory, Department of the Navy, and Marine Corps IT specifications.  The constraints are both issues that are driven by standardization and compatibility, the hardware and software operating environment, security, or regulatory and compliancy standards.  Table 4.1 highlights some of the issues that should be addressed when a potential solution is evaluated.

	Considerations

	NMCI Network and Hardware Requirements (as described in Section 3.2.2)

	Compliancy Standards (described below)

	· Accessibility standards mandated by Public Law under the Rehabilitation Act, Section 508
	· JFMIP, CFO and Other Financial Compliancy Standards

	· PKI/Digital Signature Capability
	· Security Standards

	
	· No Client Side Scripting for Web-based applications
	


Table 4.1: IT Considerations

4.2.2 Business Drivers

Beyond the above considerations, our assessment of the need for an integrated financial system for P&R is supported by a review and confirmation of the reasons that an enhanced system is required.  These reasons, or drivers, must offer compelling logic upon which to make a design and implementation decision, as well as apply the considerable resources required to make such a system a reality.  Those drivers that best accomplish these requirements are:

(1) The critical need to easily facilitate the Programming, Budgeting, Execution, and Coordination within the context of PPBS from an improved data management perspective.

(2) The critical need to efficiently and accurately manage various types of data.

(3) The critical need to acquire, store, and distribute accurate and timely data to all constituents of the Marine Corps PPBS process.

(4) The critical need to properly document and adequately resource required integrated capabilities within the POM and budget development processes.

(5) The critical need to reduce manual, redundant, and time consuming data management processes.

(6) The critical need to position the department to conduct concurrent POM and Budget cycles.

As-Is Business Systems Model

The assessment of the Department’s PPBS data management processes has shown that there is a Business Systems Model that marginally supports the functional business processes.  There are gaps and less than efficient leveraging of capabilities that currently exist. The Business Drivers listed above address the need for functional business improvements to satisfy a more efficient use of time and resources than is currently expended on the present use of applications, spreadsheets and local information management.  The As-Is Business Systems Model depicted below provides analysis of the current systems along both a PPBS and common business functionality matrix.  The common business functions that are performed across the department include the following:

Financial Management:  Includes the core tasks of the department and the ability to manage funding levels across all phases of the PPBS process.

Data Call and Reporting:  Most of the branches in the department issue or respond to data calls from higher, adjacent, and field organizations. This category also includes those tasks that require standard report outputs to DoN and other DoD organizations.

Coordination:  One of the core tasks of several branches of the department is staffing for action to other departments and organizations within Marine Corps Programmatic, Budgetary, and Congressional issues to establish formal Service positions and to solicit and provide feedback to funding levels and programmatic decisions on Marine Corps programs.

Management Support:  Management both inside and outside the department require support in creating, and staffing, and sharing of documentation on Marine Corps programmatic and budgetary issues.  This category also includes administrative functions that support the management of the department.

The figure below recognizes that the commonalities between the processes and functions are not currently leveraged causing a disjointed and non-integrated approach to data management.  This Business Systems Model approach allows the department to perform an analysis of the tasks and functions along a construct designed to review the way the department does business from what should be an integrated viewpoint.
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Figure 4.1:  As-Is Business Systems Model

In the figure above, the boxes that are shaded in green currently perform their functions in an automated fashion and work across a variety of tasks.  Those boxes split between green and yellow may perform tasks in an automated fashion, but are not used to their fullest capability.  Yellow boxes are those applications or databases that currently exist but are not integrated across the business functions.  The red boxes speak to the ad-hoc nature in which tasks are completed utilizing ad hoc methods and desktop applications.

4.2.3 Current State of Data Management
From an integrated data management, business flow, accessibility and presentation perspective, as well as the examination of existing tools for accomplishing the resource allocation process, we have discovered that the current systems do not completely support the requirement to manage a closed-loop PPBS process.  This evaluation is based on the following description of the current system(s):

(1) Local databases, spreadsheets, and local / file server storage of data.

(2) None of the current systems are integrated into a single, or virtual, information management system.

(3) Current local data stores do not provide department wide data visibility through a common user interface.

(4) Standardized data sets do not exist across all approaches to data management.

(5) No Automated Decision Support System is possible via the current systems.

(6) The current legacy systems do not support the predictive modeling needed to allow planners to explore what if scenarios to assess warfighting requirements or capability.

(7) The current systems are increasingly time consuming to manage.

(8) Collaboration is impeded by the lack of data access or visibility.

(9) No common, integrated web-based “portal” access to P&R’s data.

(10) No electronic workflow infrastructure supporting P&R’s business processes.

(11) The department’s IT skill level does not allow for local maintenance of the multiple databases that are being created and managed.

4.2.4 Existing Systems Incorporated in Design

Existing systems highlighted in Section 3.2.3 and 3.3.3 will be incorporated in any potential systems architecture.  The financial investment made in the current applications should be capitalized on in any enhanced system, incorporating the existing features, while integrating the information within the larger data management scheme.  The existing systems are:

(1) PPD/ PDS - the principal repository for POM related information.

(2) IRS II - will be the principal repository and workflow for Fiscal Coordination.

(3) UPL - will be the system that will capture additional resource requirements beyond the POM and Budget process.

Additional systems that are not P&R owned, but can contribute to the overall data integration approach, and enhance the closed-loop management of financial information are:

(1) SMARTS – a primary source for Budget Execution data.

(2) PBIS – the official source for Department of the Navy Program and Budget data.

Other systems that should serve as supplemental data sources for execution feedback, manpower information, modeling, and analysis are:

(1) MCTFS – Provides Military Manpower data required to support Budget Execution in SABRS.
(2) TFSMS – Will provide Force structure data required for Programming and Budgeting (both T/O and T/E data); will also support Program Planning modeling and simulation.

(3) FIMS II – Will provide Investment Appropriation Execution data, as well as O&M tails to Investment programs.

(4) TFDW – Will provide modeling capability for Military Manpower policy.

(5) SDE – Will provide common access to logistics data currently resident in multiple legacy applications.

4.2.5 Additional Functional Requirements

There are additional functional requirements for an integrated system that are currently being managed in databases or spreadsheets that do not have the requisite scalable capacity to be integrated with an enterprise level solution.  However, the department’s understanding of the data and data element requirements should allow these functions to be incorporated into the architecture without significant effort.  These functions were described in Section 2.0 and include: 

· O&M Budget Formulation and Execution tracking (including OpTars and CMPs)

· Manpower Budget Formulation and Execution tracking

· Civilian Personnel Budget Formulation and Execution tracking

· Congressional Action Tracking

· Coordination of DoN NBTS functions within RFC

4.2.6 P&R Driven Assumptions and Requirements

There are a number of assumptions that the team has identified and coordinated with RIM that are important to the overall systems architecture approach and need to be identified.  The department intends to leverage its investment in Oracle database technology.  The issue was discussed in more detail in Section 3.2.  Beyond the core database that would be the heart of any proposed architecture, there are other assumptions that the team had to work within.  These issues were:

(1) No Client-side installation of software supporting the integrated system.  (Exclusive of standard desktop applications and plug-ins)

(2) System must be accessible from outside HQMC firewall

(3) Current systems/approaches must be included in the architecture

(4) The system will be largely in an Unclassified environment, with some limited but replicable functionality in the Classified environment

(5) The system must be flexible enough to respond to PPBS process changes

4.2.7 Current Systems Design

The current systems design process was discussed in Section 3.2 and the approach is summarized below.

Web-based Applications

As highlighted in Section 3.2, the current P&R approach to systems design is focused on single functional tasks, not an overall data management strategy.  While the web-based systems that have been implemented meet the requirements of the intended task, the ability to employ these tools across the department’s business functions and flows, in an integrated fashion has not been fully accommodated in the applications’ design.  Therefore, the ability to integrate data management requirements and approaches, and ultimately provide intra and inter department visibility has not been achieved through the functional approach to system design and development.  However, the Oracle database employed in the web-based applications provides open architecture standards that can support integration with other functional COTS applications or if required custom developed applications.
Network and Locally Managed Applications

As noted in Section 3.2.3, the spreadsheets and Access databases that have been developed to meet specific data management requirements are capable in most cases of meeting a narrowly defined requirement, but do not provide an integrated approach to managing and sharing data across the department.  While the locally managed databases contain similar, if not duplicate data elements, the multiple functional database approach that exists does not provide for a cogent method for data integration or ease of passing information among the phases of the PPBS process.  The scalability and ability to provide near-real time updates across the local databases is limited.  The individual databases and the elements contained within them do however provide significant value for moving forward with an integrated approach to data management.  The functional business processes have been thought through and modeled at a basic level.  The spreadsheets and Access databases contain the data set required to populate an integrated system and pieces that could contribute to the creation of a To-Be Data Model exist.  

Based on the existing capabilities and/or limitations of the current approach to data management, the business challenges articulated in Section 2.0 and mapped in Section 3.0 to representative toolsets provide a baseline to discuss the approach for an enhanced system to support the department.

4.3 Architecture Approaches

During the course of completing the assessment the Project Team has identified three basic approaches to the architecture of the “To-Be” integrated financial system.  These approaches provide the full spectrum of options that are available in the development of the enterprise class applications.  The approaches also take into consideration the advantages and disadvantages of each methodology that will help to present the most practical and reasonable approach to a systems design.

4.3.1 COTS Only

Overview
The COTS only approach to software development, more succinctly involves the configuration of commercial tools to meet the specific business requirements of a given organization.  In this case, the COTS approach would involve the selection of an Enterprise Resource Planning (ERP) type suite of applications (or subset of an ERP suite) that would provide a full range information technology solution.  Under this scenario, all legacy systems would be eliminated, and replaced with a COTS product suite.  

The critical facet of this type of approach is a willingness on the part of an organization to carefully pick and choose the important configuration, customization points and functions.  Customizing a COTS application can become in many ways a full-scale development effort during which changes must be made to the source code of an already existing application.  As these changes are made, there are a variety of increasing risks that can be encountered due to the often-proprietary nature of these applications.  Beyond the package implementation, business process changes are a fundamental part of the implementation of ERP applications.  If the business process can be forged around the software, without considerable organizational change management impediments, then the data integration capability that ERP applications provide can be significant.

Advantages include:
· Utilizes industry best products and practices 

Many of the tasks performed by the Marine Corps in the PPBS process are not unlike those performed in the private sector.  (Or that will be performed in the Navy Systems Commands once the ERP implementations are completed.)  The current suite of ERP applications recognize this fact, and provide applications that make the best practices a fundamental part of the applications themselves.  In utilizing a COTS ERP solution, the organization gains not only the applications functionality, but also the best practices inherent in these applications.

· Application support provided by software vendor in service agreements

Each time a COTS ERP package is procured, this purchase is complimented by some service agreement with the software vendor.  The value in utilizing the software vendor for application maintenance is clear in that software training and manpower requirements are greatly diminished for the government.   

Disadvantages include:

· Large amount of configuration to meet USMC business processes 

As mentioned previously, the majority of the effort in implementing an integrated ERP suite is in the business processes described in this paper that would require significant configuration within the integrated ERP applications.  Software vendors have yet to create applications at the level of detail that will be required by P&R.  To meet these needs, the only path will include a great deal of configuration across the applications that are both costly and time-consuming in nature.

· High up-front investment to purchase a full suite of products

To purchase the upfront licenses necessary to implement an ERP-type solution, the licenses and hardware costs can be significant.  The typical full scale ERP implementation involves software acquisition in the millions of dollars.  This high cost is a significant obstacle in implementing the COTS ERP approach.

· Demands changes in business process

Regardless of the configuration changes made to the applications there will undoubtedly be a set of organizational process changes required by the Marine Corps to implement this solution.  

Conclusion

The full, or subset, ERP suite approach is likely not a viable option since it does not leverage current IT investments made by P&R.  It would require the implementation of applications to assume the functions currently performed by PPD/PDS, UPL and IRS II.  This COTs approach also demands business process changes that are not technological in nature, though may run counter to DoN improvements that are already in the process of significant changes.  This approach also is a “big bang” implementation, which does not allow for a phased, incremental implementation that is a stated desire of P&R.
4.3.2 GOTS / Custom Development

Overview
This approach either borrows tools and applications from other services/organizations, configured to meet Marine Corps requirements, or involves ground up design and development efforts.  Under this approach the Marine Corps would become the owner of a specifically tailored application, and would be required to support this application throughout its life cycle.  The GOTS approach is in many ways custom development whereby Marine Corps chooses functionality to include, and integrate this functionality across applications.

Advantages include:

· Leverage DoD specific business processes and tools

There is a set of PPBS specific tools currently being used across the other services that were described in Section 3.5.  The business process of the other services would have to be evaluated in depth to determine if the highlighted applications can satisfy Marine Corps requirements.  If there were a functional fit, these applications would have to be customized to meet the Marine Corps specific needs.  This approach could provide the Marine Corps with the ability to leverage lessons learned and best practices of other services through similar development efforts.

· Allows for a great deal of Marine Corps specific customization

As mentioned above, this approach allows the Marine Corps to develop applications that are as Marine Corps specific as required.  This configuration can include the vernacular used by the Marine Corps and other similar concerns.  In custom development, the Marine Corps will only be provided with the functionality requested and requirements management will then become a major focus of maintaining the system.

Disadvantages include:
· P&R “owns” source code and must contract ongoing support from third party vendors

Under this approach, P&R will become the sole owner and maintainer of a custom built application.  Inherent in this approach is the fact that all maintenance and support must be contracted for and provided by P&R.  P&R will be unable to leverage service provided for applications that may exist at the enterprise level.  Additionally, the ability to adapt and modify the applications rest, in most cases, with the original system developer.

· Great deal of custom integration among applications

One of the major challenges of developing the integrated financial system will be handling the multiple integration points that are necessary to support internal and external interaction with DoD and the DoN.  A major requirement of P&R is to interact with other organizations from a data management perspective.  By creating a custom built application, the Marine Corps would then be saddled with the requirement of creating custom output files and formats in a manual way, which might otherwise be provided by a commercial application.

· Cost and risks associated with supporting an “in-house” application
The costs and risks of custom developed solutions exist because design and develop begins from bottom up approach and relies significantly on in-house subject matter expertise.  The outcomes are more often that not:  poor customer satisfaction and a greater number of processing errors with the first few versions; users tend to find more errors than software developers have anticipated; ongoing need for an IT maintenance support staff; higher maintenance cost; developing customized solutions, almost always cost more than forecasted; and implementation schedules are usually delayed.

· DoD and USMC are attempting to use COTS configurable applications as a preference over customized development solutions.
It is clear based on the Project Team’s observations and experience, that the DoD and the Marine Corps are both moving towards an IT environment in which commercial technologies are utilized and leveraged.  This trend is further evidenced in the Marine Corps desire to negotiate enterprise licenses with major software vendors, establishing long-term business relationships and a clear indication of a move to COTS applications.

Conclusion

This approach demands a full-scale development effort that P&R does not have the technical resources to support.  RIM has a staff of five people that are already stretched to the limit to manage the projects and support the IT requirements of the department.  A custom development approach and consequential support of applications would stretch the branch to its managerial limits.  Additional funding would be required to hire contract support to provide day-to-day maintenance of custom-built applications.  Additionally, the implementation would be slower than desired to generate support for the system and to ensure that there is acceptance across the department.

4.3.3 Integrated Approach
Overview

The final systems architecture approach examines the possibility of creating a system whereby the best of both the GOTS and COTS approach would be melded and provide P&R with significant advantages in attacking the trade-off between a fully COTS or wholly GOTS solution.  This approach seeks to leverage the current information technology resources of the department while also implementing cutting edge commercial technologies that are applicable in a government environment.  In this approach, the centerpiece involves the development of an enterprise data model to support the functional requirements of the department and the PPBS processes.  This data model would then serve as the foundation upon which the other applications and functionality would be built.  This approach has both advantages and disadvantages in its implementation.

Advantages include:

· Meets specific needs in an incremental approach

The integrated approach will provide the government with the ability to identify very specific requirements and develop the functionality to address these operative needs in a phased approach with a road map to reach the desired end-state.  There also can be in depth validation by the government that the functional requirements are met during each development phase and by component.

· Supports desire to provide incremental and phased implementation

RIM has stated that any further systems development to address the department’s challenges will be pursued in a phased approach so that incremental functionality can be added to an integrated system.  This approach allows P&R to meet both the technological and organizational challenges inherent in establishing a new IT environment.

· P&R can acquire functionality as resources are available

Regardless of the approach selected by P&R, there are limited funds to apply to the data management requirements.  The incremental integrated approach allows P&R to phase in functionality based on the most significant shortfalls and internally determined priorities.

· Provides the ability to leverage the COTS and GOTS tools already owned by the government

The integrated approach is truly a best of breed approach that addresses the business functionality required by the department. If there are inherently DoD functions the system should support that can only be supported by custom developed functionality from existing or To-Be GOTS applications; it makes sense to include these pieces of functionality. (In most cases, these are reporting requirements rather than data storage issues)  In other circumstances, there are tasks performed by the department that are no different than the tasks accomplished in the commercial sector, so in these circumstances it makes sense to utilize COTS functionality.

Disadvantages include:

· Does not leverage COTS technical and business solutions already developed

There are a host of applications and programs both in the commercial and government sector, which meet the preponderance of P&R’s requirements.  These requirements will satisfy the vast majority of functional needs of the department, but there could be necessary changes to the current business processes in order to maximize the use of such tools.

Conclusion

The Integrated approach is the preferred methodology of the Project Team.  This allows P&R to select the functionality that is required in order to begin the technical design and development of an integrated financial system, while also leveraging current investment.  As the preferred approach of the Project Team, the next section will present a diagram and explanation of this architecture, and then illustrate how the current tasks and functions of the department as described in Section 2.0 can be mapped to the integrated architecture approach.

4.4 Architecture and Interface Design

This section will begin to layout the architecture approaches that could be used to link the specific systems and business needs of the department.  This analysis will include the need to integrate a series of tools and back end infrastructure necessary to support these tools.  It is clear that a major component of the integration will involve the ability to interface data among systems.  This section will present a range of interface options including manual interfaces, the point-to-point interface approach, and middleware integration.

4.4.1 Manual Interfaces

The current approach to passing data among the P&R functional applications is via spreadsheets generated from standalone spreadsheet or database collection of data, which is formatted to pass to a receiving functional requirement.  The manual process is graphically documented in Figure 2.1, and articulated in the Case Study that tracks the movement of data within the Marine Corps PPBS process flow.  The manual approach is annually repeated and was recognized in the branch interviews as repetitious, time-consuming, and in need of a technical solution to improve the department’s data management approach.  The Team does not believe that the continuation of manual approaches to data interface is the appropriate solution to P&R’s data management challenge.

4.4.2 Point-to-Point Interfaces

The prevailing approach to application integration historically employed throughout the Marine Corps as well as across the Department of Defense involves the development of point-to-point interfaces.  This approach creates a tangle of interfaces and data element mappings that is extremely costly to build and maintain.  The significant challenge created by point-to-point interfaces is that enterprises have difficulty leveraging existing interfaces and technologies to create efficiencies of scale across organizational data.  Moreover, the point-to-point interface approach typically does not facilitate the elimination of redundancy and duplication of effort in systems development.  

There are several problems with the point-to-point interface approach.  The interfaces require developers to identify the data requirements for each of the systems involved, the mapping or matching of these requirements across the two systems that are to be linked, and the creation of a transaction set to provide the desired data from the feeder system to the requesting system.  In addition, for two-way interfaces, this process must be repeated to account for the information that needs to be sent back to the feeder system.  

Additionally, the point-to-point interface approach requires the design and development of a unique link between systems that must account for the specific transmission methods and the data requirements of each of the individual systems.  Consequently, after each point-to-point interface is fielded, any subsequent changes in data elements or transmissions methods for either system requires the creation of a new interface to account for these changes.  In short, the point-to-point approach requires that a new interface be created whenever technical and/or functional changes are made to either of the linked applications.  

Systems of the type that may be developed and implemented within P&R will be built over a period of time, with enhancements added as the applications mature.  If point-to-point interfaces are used, and data transaction sets are altered, changes to the interfaces will become time consuming, cumbersome, and expensive.  There is an inherent lack of flexibility that will be created in the transactions that will be in the core of the system, which runs contrary to the desired flexibility that will be required of the architecture.

4.4.3 Middleware

Middleware or Integration Broker technology enables organizations to integrate existing applications and introduce new databases and applications to work as one cohesive unit, across and from the enterprise level down by reducing the time and expense required to link software applications built on disparate platforms or for different functional requirements.  By utilizing the currently available commercial technology, organizations can now easily implement the system changes necessary to link and consolidate previously manual or un-automated business processes.  

Integration Brokers, which are also called message brokers, integration middleware or Enterprise Application Integration (EAI) tools, are tools designed to facilitate multiple interface designs that alleviate the concerns described in Section 4.5.1 and 4.5.2 above.  During systems development or maintenance, when a single change to an application has a rippling effect on several interfaces, integration brokers reduce or eliminate custom coding required to enable those changes.  Data is mapped from source systems to the broker layer, and from the target system to the broker layer.  Changes to transaction sets are managed in the middle layer between the source and target applications as depicted in Figure 4.2 below.  As a result, Integration Broker technologies save time and effort by allowing system and/or interface developers to only make a change in one place, which serves to substantially reduce the costs associated with interface development and enhancement.  This is possible through the following benefits: 

· Eliminating the costs associated with supporting multiple infrastructures.

· Offering the ability to make transformation, routing, and adapter changes in a high-level development tool.

· Providing a component-based development environment that allows adapters, transformations, and routing rules to be reused in multiple interfaces.

Integration Brokers provide the following core areas of functionality: 1) Interface functionality by moving data in and out of linked applications; 2) Data transformation by making changes to mapped data elements so the output is acceptable to different systems; 3) The ability to distribute data across multiple linked applications; 4) The ability to route data through the employment of user-defined business rules; and 5) The ability to manage data mapping and workflow capabilities.
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Figure 4.2:  Integration Broker Support of Common Business Function.

In the specific case of the system that would support P&R’s requirements, the creation of a technical architecture and associated data maps will provide a significant advantage in the quest for improved data integration.  The data elements that are resident in the existing P&R applications are well defined, but not necessarily using the same elements sets in each system. Middleware can translate/ transform, apply business rules, and route/ transport data across systems regardless of the feeder system that is transmitting these elements. The transactional capabilities of the technology allow for real-time data updates across systems, as well as conflict notification, and business intelligence functions that could substantially improve P&R’s requirement for a flexible system design and more efficient data management process.  The team believes that the capabilities inherent to the middleware technology will provide the best integration capability to support the transactional nature of the P&R business process and will facilitate the incorporation of existing and To-Be applications into the system architecture.

4.5 Architecture Approach Validation

In order to validate the premises that an approach employing a combination of COTS and GOTS supported by the middleware application integration methodology, the following section will discuss Critical Success Factors and Key Performance Indicators that support the Project Team’s architecture approach.
4.5.1 Critical Success Factors

There is a gap between the systems that exist, and those required to optimize the personnel efforts expended within the Marine Corps resource allocation process.  While defining those characteristics of an integrated financial system required to achieve the desired vision, we have isolated what we believe to be the most important factors (Critical Success Factors) to achieving the desired end state.  The Critical Success Factors for the fully defined and integrated system are:

(1) A single, fully integrated financial data information system.

(2) A single operational data store to serve as the central repository for all Marine Corps Program and Budget information.

(3) A flexible solution that can support process modifications.

(4) An Open Architecture that allows for electronic access to, and retrieval and processing of all relevant data.  

(5) A common dictionary that identifies all data to be included as program or financial information.

(6) Incorporation of a predictive modeling/planning capability and query tool into the approved solution.

(7) Realization of 100% interoperability with all processes of the Marine Corps PPBS process.

(8) Realization of full alignment with all business processes and rules supporting the Marine Corps resource allocation process.

(9) Including a Change Management Plan in the Fielding Plan of the IT Solution for an integrated financial system.

4.5.2 Key Performance Indicators

In order to properly measure the effects of Critical Success Factors on the accomplishment of the stated vision, Key Performance Indicators should be employed.  In our case, the most effective Key Performance Indicator’s are:

(1) Reliability and validity of the information contained in the database.

(2) Availability of required data in real time.

(3) Completeness of the content of available data, to include both Program and Budget data in the data store.

(4) Relevancy of the data to the prospective user.

(5) Ease of use of the data by all authorized users, normally achieved via use of consistent data formats.

(6) Full compliance with information security requirements.

(7) Uninterrupted total system availability, normally achieved via robust system redundancy.

(8) System maintenance that is transparent to the user group.

(9) Mastery of system use achieved via on-the-job training.

(10) System is complementary to existing functional operating procedures.

(11) Recurring reports that are designed in standard formats.

(12) Ad hoc reports that can be designed by the user group.

(13) A sufficiently open architecture to achieve enhanced collaboration within the user group.

(14) System output that feeds and provides Decision Support System for user group.

(15) System is capable of sufficient scalability and extensibility to accommodate future requirements without extraordinary added capital investment.

4.5.3 New or Enhanced System Features

The review of the shortcomings of the current systems and data management processes, the Critical Success Factors, and the Key Performance Indicators needed to fulfill the requirements of a new integrated financial data management system, conspires to reveal a list of system features that must be present in the solution adopted to support P&R in future years.  Most important among those features are as listed in the following:

(1) Web-based system architecture.

(2) A single, fully integrated information management approach.

(3) Retention of essential data contained within the legacy systems, while integrating with additional applications / databases that support the Marine Corps PPBS process.

(4) All legacy, and newly generated data to reside in a single data store.

(5) The inclusion of a modeling tool that will allow for “what if” modeling of future organizational requirements.

(6) Procurement of hardware (if required) and software that are sufficiently robust and flexible to insure future scalability and extensibility to accommodate future requirements.

(7) System security capable of accommodating business rules that are appropriate to both authorize and limit access as needed among authorized users and decision makers, as well as mirroring the requirements of the military chain of command as required. All while maintaining an unclassified data base/data store for data that is not inherently classified. 

(8) Consistent with fiscal constraints and fielding timelines, a Commercial Off-The-Shelf (COTS) solution, integrated with existing GOTS applications, is the preferred architecture approach.

(9) Elimination/reduction of manual activities/tasks associated with data management.

(10) Recognition of and full alignment of the adopted solution with organizational structure, and document/action staffing flow.

(11) Recognition of and full alignment with all other critical processes of the Combat Development System, as required.

(12) Maximize reduction in the cycle time of POM to Budget transition.

(13) Ability to identify, manage, and reduce the Total Cost of Ownership of the adopted solution over those costs associated with the current systems design approach and processes.

4.6 Architecture Recommendation

After a thorough evaluation of the business processes and flows, an articulation of the data management issues and challenges, followed by a mapping of these areas to representative toolsets, the Project Team was able to assess and develop the components required to formulate a Systems Architecture recommendation.  The following section will provide both a narrative and graphical representation of an architecture that meets the operational requirements, data management challenges, is feasible from a tools and integration approach, and can serve as a practical roadmap for future technical architecture design and development. 

Integrated Architecture Overview

The integrated Systems Architecture recommended by the Project Team consists of essentially five layers, or areas of functionality.  Each area performs a set of tasks that are important from both a data management and business functionality perspective.  The layers are presented in Table 4.2 (Integrated Approach Layers/Areas of Functionality) and provide the functionality addressed by the components.  The layers are addressed graphically in Figure 4.3 (Integrated Approach Systems Architecture).

	Layer/Functionality Area
	Components
	Functional Characteristics

	User Interface Layer
	Web Based Portal

Search Capability
	· Front End access to database via the Internet

· Search functionality to access enterprise data store

	Data Management/Entry Tools Layer
	Functional Applications

Data Entry Tools

Legacy Applications

New Applications
	· Entry point into enterprise data model

· Tools to input data into database

· Integration of Legacy applications including PDD/PDS, IRS II and UPL

· Location of new applications to support integrated capabilities

· Functionality of databases and spreadsheets that will displaced by the integrated system

	Data Storage Layer
	Enterprise Data Model

Functional Database

Data Warehouse

Document Storage
	· Utilize Oracle 8i database as back end

· Functional database will contain current cycle and other selected data

· Functional database will absorb operations currently provided by MS Access and Excel

· Data Warehouse to archive data and other relevant information for query and analysis 

· Single source of document storage

· Entire layer querible by business intelligence tools

	Workflow User Management Layer
	User Tables (Roles and Permissions)

User Management Tools

Single Sign-On Capability

Workflow Engine
	· Users for all P&R applications managed in a single repository

· Access to applications and data managed in this layer

· Non-application data access provided by roles and permissions

· Single workflow engine for all applications in the integrated system

	Data Integration Layer
	Integration Middleware

Access to Other Systems
	· Interfaces to other USMC and DoN applications

· Middleware supports transactional functionality

· Reports and other current inputs to external systems managed at this layer


Table 4.2:  Integrated Approach Layers/Areas of Functionality

In Figure 4.3 below, there are several layers that need further explanation of the functionality contained within these areas.  The overarching goal of the Integrated Approach is built upon the enterprise data model.  Every data element and field requirement that is utilized in the department will be stored in this single database.  Further, all of these data elements will be stored and archived for each cycle of data that is required during the PPBS process.  Storing each of these data elements, and all of the requisite narrative and supporting materials will provide a single source for all of the information required by the process.

Another underpinning of the Integrated Approach is that the workflow and user management would take place in a central user repository and tables.  The concern for maintaining multiple sets of login names and passwords would be supplanted by the implementation of a central user and workflow capability.  This central user repository would also contain the workflows necessary to support ALL of the business functions and flows of the department.  From the workflow to support the routing of 18 Questions to routing of JROC materials, all of this functionality should be supported by one workflow engine.  
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Figure 4.3:  Integrated Approach Systems Architecture

The next level to examining the recommended architecture approach is to understand the functionality that each layer in this diagram will provide the end users and members of the department.  In this regard, there is utility in examining the new architecture within the context of the PPBS process and mapping current functionality to the new architecture.  Figure 4.4, illustrates the functionality to be provided in the integrated system in each phase of the PPBS process.  A discussion of this functionality follows the figure.

[image: image5.png],

,

!

,

!

' I

| I

| i

| i

' I

| i

1 ! _

, = 4

! L | i

i | ” d

| g W g
5 2

” L3 NE

, ,

| n = S 1 E

| R — i & s

i R

1 r 3 g

, , Een

! b 3 f

, s N

, D E B

| P f 22

' I @ i 5 g

! | SR

, A 1 - =

! [ I8 3

,

i ” ” |°

, . | 3

! W.m | :

- ! | g

| | N = |1

, | o

| o )

, . |

! Dg |

| B - |

[ — . .

L ElE

A

- Y

| OMM [

” il

| [ )]

, Fl %

| a

,

i





Figure 4.4:  PPBS Illustration of Integrated Systems Architecture

On the figure above, note that each box is marked with a number.  The next section of the document will explain the functionality contained in each box and the processes that are supported in the illustration above.  This figure also seeks to mimic Figure 2.1 from the As-Is findings in Section 2.3.

	1
	Portal Environment

	
	Overview
	· Web-based portal front-end to provide access to the applications and back end database to appropriate groups and users

· Dashboard concept brings most important information forward based on roles and permissions

	
	Functionality Provided
	· Single sign-on to all incorporated applications

· Search functionality provided to access all back end data

· Security and access managed through the portal

· Provides one look and feel for entire department

	
	Replaces 

As-Is Systems
	· Intranet websites

· Current disparate or lack of login requirements

	2
	Coordination

	
	Overview
	· Provides access to applications that support the collaborative function

· Legacy applications are incorporated

	
	Functionality Provided
	· Enhanced coordination and communication within and external to the department

· Collaboration functionality as described in Section 3.3

· Supports staffing of documents and other internal coordination tasks

· Utilizes current functionality of IRS II and UPL

	
	Replaces 

As-Is Systems
	· Reduces E-mail, phone calls and other point communication methods

· MROC use of PDD 

· CATS

	3
	Planning

	
	Overview
	· Ability to draw data from enterprise data model

· Dependency on single data source for planning purposes

· Interoperability with outside data sources (i.e. execution data) to provide best possible availability of data for planning

	
	Functionality Provided
	· Business Intelligence/Decision Support System to report on data

· Ability to model data and scenarios in DSS

· Provide Manpower and equipment modeling and analysis

	
	Replaces 

As-Is Systems
	· Reliance on locally managed spreadsheets

· Manpower spreadsheets and calculations

· Ad-hoc data management

	4
	Programming

	
	Overview
	· Utilizes existing systems including PDS/PDD

· Database integration with preceding budget formulation activities and succeeding POM to budget transition

	
	Functionality Provided
	· Integrated POM and budget data

· Historical tracks provided by archived data in Data Storage layer

· Allow for parallel POM and budget preparation

	
	Replace

As-Is Systems
	· Leverages use of PDD as a document management tool


	5
	Budgeting

	
	Overview
	· Provides for an auditable transaction trail

· Integrates with POM development

· Reports funding to field and other activities (Ceiling Tracks)

	
	Functionality Provided
	· Configuration to meet government budgeting guidelines including JFMIP

· General Ledger functionality as described in Section 3.3

· Civilian and Military Personnel budget management

	
	Replaces 

As-Is Systems
	· BTS

· MCBTS

· CMP database

· Manpower databases

	6
	Reporting

	
	Overview
	· DSS and Business Intelligence tools support all reporting requirements

· Reports include outputs to DoN and DoD activities such as OP5 and OP32 and other specific formats

	
	Functionality Provided
	· Data sets are created by DSS tools and pushed to the appropriate sources through the Integration Layer

· Business Intelligence functionality as described in Section 3.3

	
	Replaces 

As-Is Systems
	· Ad-hoc data calls and data management crisis during “drills”

· Currently, tasks performed in a largely manual fashion

	7
	Execution

	
	Overview
	· Execution data included in enterprise data model 

· DSS tools are used to query external data sources via the Integration Layer

	
	Functionality Provided
	· Business intelligence tools will query requisite data sources

· Appropriate execution data is included in the enterprise data model (SMARTS)

	
	Replaces 

As-Is Systems
	· Ad hoc access to SABRS and SMARTS

	8
	Data Storage Layer

	
	Overview
	· Three actual databases to support the work of the department

· Current year and active data is stored on a functional database

· Provide P&R with an environment to store archival data which can be used in planning and modeling

· Separate data store for documents across the department

	
	Functionality Provided
	· Single source and model of PPBS required data elements

· Document Management database which will provide across and external to the department 

	
	Replaces 

As-Is Systems
	· BTS

· Databases of PDS/PDD will be incorporated

· File Servers as major document repository

	9
	Workflow/User Management Layer

	
	Overview
	· Central user table and workflow repository

· Roles and permissions managed in one location

	
	Functionality Provided
	· Workflows and business flows cross functions and communities to provide the best flow possible

	
	Replaces 

As-Is Systems
	· Consolidates workflow engines of current systems including PDS and IRS II


	10
	Data Integration Layer

	
	Overview
	· Ability to provide data and funding levels to other DoN and DoD systems

· Manage all interfaces with other systems in this layer

· Utilizes Middleware and Integration Broker to manage transactions among systems

	
	Functionality Provided
	· All interfaces are centrally managed, both with integrated financial system as target and source

· Integration Broker manages all transactions and limits the need for manual interaction with data

	
	Replaces 

As-Is Systems
	· All manual spreadsheet uploads


Table 4.3:  Integrated Approach Operational Architecture

To-Be Business Systems Model

In Section 4.2.2, the As-Is Business Systems Model was discussed from the PPBS and functional business process perspective.  Another approach to understanding the process improvements that are generated by moving to an Integrated Architecture, is to examine the way in which the systems and toolsets will interact when examined along a To-Be Business Systems Model as presented below.  This model is the “To-Be” vision of systems integration that understands and considers that each application or toolset brought into the overall architecture must assist in performing a set of core tasks or functions performed by members of the department.  It should be noted; implicit in the approach identified below is the fact that a single data source and model will support all of the data management requirements of the department.  
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Figure 4.5:  To-Be Business Systems Model

The most important feature in the diagram above is the fact that the toolsets and current applications that have been described above seek to cross PPBS functions while still delivering the required functionality to the appropriate members of the department.  As identified in Section 4.2.2, there are four core tasks areas for which members of the department are responsible.  These four core tasks areas can then be fulfilled by each toolset areas identified in this document, Financial Management Toolset, Business Intelligence/Decision Support Systems, Collaborative Tools and Document Management.  Further, the Portal/Knowledge Management toolset provides common access to all of the data and documents linked to the integrated architecture.  

As evidenced above, the current and prospective toolsets that are part of an integrated architecture all play a role in core business functions of the department.  It is important to note, that this approach allows members of the department to utilize the wide range of toolsets in the architecture regardless of their specific role in the process.  All members of the department will utilize the system regardless of their particular job, while also attempting to reduce the number of point functional solutions in operation across the department.

4.7 Summary

The recommended Systems Architecture consists of an integration of existing GOTS applications with COTS applications that support the department’s functional requirements.  The Integration Layer of the architecture is “glued” together by middleware technology that substantially supports the transactional nature of the business process, and reduces the technical complexity and potential for expensive and time consuming interfaces required to support an incremental phased approach to systems design, development, and implementation.

Section 5.0 will lay out an approach for phasing in the capabilities required to make the recommended architecture a reality.


































� The UML Modeling Language User Guide, Addison-Wesley, 1999


� The U.S. Army's Army Technical Architecture






