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Strategic Migration Plan

FOR BP APPLICATIONS

1 INTRODUCTION

This Strategic Migration Plan for Budget and Planning (BP) Applications is the third of six deliverables under RGII Technologies, Inc.’s contract to provide assistance to the Department of State, Bureau of Finance and Management Policy, Office of Budget and Planning (FMP/BP) for the planning and execution of the organization's computer system migration effort.  Delivery Order Number One under RGII contract S-OPRAQ-97-D-0014, includes six separate deliverables as identified below:

1. FMP/BP Basic Roadmap for Office Functions and Applications

2. Opportunities for Consolidation of BP Applications

3. Strategic Migration Plan for BP Applications

4. Formats and Outlines for Documentation of Working Demonstration Models

5. First Working Demonstration Model and Documentation

6. Second Working Demonstration Model and Documentation

This Strategic Migration Plan with the other five deliverables comprise Phase I of the Computer System Migration Effort for FMP/BP.  This Plan documents the applicable network and workstation configurations as well as hardware/software considerations and recommendations.  It defines the target FMP/BP system as PC LAN-based.  It also focuses on issues such as security and compatibility of applications and operating systems with regards to development, migration, and implementation of the FMP/BP database.  Further, this Plan outlines the research and development of the data model leading to the migration of existing data to the newly developed FMP/BP database.

1.1 Background

The background and history leading to the need for FMP/BP Computer Migration Effort and for this Strategic Migration Plan is well established and clearly described in the Statement of Work (SOW).  Excerpts from the SOW are provided below for ready referral and perspective.

The Office of Budget and Planning is divided into three functional areas (Operating Accounts, International Accounts, Funds Control, and Reimbursements) all of which are supported by a set of 16 applications, referred herein as the Budget/Planning Applications.  These applications are for the most part custom-designed software applications that are packaged as functional program sub-systems.  Approximately half the sub-systems reside on a WANG VS-7310 and are accessed through FMP/BP’s Security Access Controlxe "Access Control" (MSAC) systems; others are PC-based.  The WANG programs are on a menu-driven catalogue system that is designed to provide system administrators with greater program control and security control.

Development of the Budget/Planning Applications was initiated in the mid-1980’s to support BP’s management responsibilities for planning and administering the Department of State’s budget and resources.  Specifically, the Budget/Planning Applications provide management support in the areas of central budget planning, budget formulation and presentation, reimbursements processing for the Foreign Affairs Administrative System (soon to be replaced by the International Cooperative Administrative Support System), and detailed financial planning and accounting for the Department of State’s regional, functional, and management bureaus.  The information that is collected and analyzed provides the Office of Budget and Planning with detailed financial information in which prior year, current year, and budget year funding and resource requirements for the Department are planned, monitored, administered, and presented to the U.S. Congress for appropriations purposes.

The Budget/Planning Applications have been maintained over the past 10 years by a programming team of outside contractor support staff whose primary mission is to provide immediate and on-going operational support to all users of the Budget/Planning Applications.  Within the last few years, the primary focus of the contractor support programming team has been to ensure the successful completion, release, and maintenance of overseas and domestic budget systems and maintenance of the allotment control system.  A large effort is required to simply maintain the current VS systems and to keep them from “crashing.”  The degradation of these systems has escalated to a critical state as new requirements continue to be appended to existing software applications.  This patchwork approach to maintaining systems is impacting FMP/BP’s effectiveness and efficiency in keeping up with the demands of its users.

In addition, the role of the FMP/BP budget analysts has increasingly focused on providing sophisticated quantitative analysis for use in linking program decisions and related resource implications.  The demand for dynamic data query and for ad hoc information analyses and presentations has exceeded the capabilities of the existing WANG platform and Budget/Planning Applications.  This trend is going to continue as the role of the budget analyst evolves in the era of Government “reinvention” and as budget analysts experience an increasing need for flexible information processing capabilities.  In comparison, the corporate processing formats and reports that the existing applications can provide are solely lacking in value.

In the existing computing environment, the mission critical applications that are still being used by FMP/BP were primarily custom designed software applications that were packaged as functional program sub-systems. Approximately half of the sub-systems reside on a WANG VSxe "WANG VS"-7310 and are accessed through FMP/BP’s Security Access Controlxe "Access Control" (MSAC) system.  The other sub-systems are residing on stand-alone PCs.  The WANG programs are accessed through a menu-driven catalogue that is designed to provide system administrators with program control and security.

1.2 Objective

The purpose of the Strategic Migration Plan is to document an effective strategy to produce a single system and data source for FMP/BP by unifying various existing “stove pipe” legacy systems and stand-alone PC applications and moving them to the new PC LAN environment.

Specifically:

· To migrate application functions and relevant data from the WANG VSxe "WANG VS" system to a PC network-based environment.  This will improve the reliability, accuracy, and integrity of the budget applications developed specifically for the FMP/BP.  The environment will consist of a local area network (LAN), Windows NTxe "Windows NT" operating system, modern development tools, an integrated database, multi-tiered architecture, and a PC-based client server system.

· To use Commercial-off-the-Shelf (COTS) software such as Microsoft’s Excel, Word, and a SQL Server database that integrates well with the existing Microsoft environment.  This will notably improve system response time, capabilities, and performance.

· To use modern tools.  This will significantly reduce the maintenance costs compared to the obsolete WANG VS systems.

· To provide seamless user-friendly interfaces while affording transparent management of a complex system.

· To modify the database so the budget analysts can provide sophisticated quantitative analysis for linking program decisions and related resources.

· To permit budget analysts to create dynamic data queries with ad hoc information access.

· To provide architecture that is easy to maintain with consistent data available in a timely manner.

· To use a Rapidxe "Rapid Application Development" Application Development methodology employing prototyping and information engineering techniques to develop an integrated, consistent, reliable, and extendable FMP/BP budgeting system.  This approach fits well with the interactive capability of the new LAN-based architecture.

· To provide a database using a 4-digit date that will avoid the year 2000xe "Year 2000" problem.

1.3 Scope

The Bureau of Finance and Management Policy, Office of Budget and Planning is divided into three functional areas: Operating Accounts, International Accounts, and Funds Control and Reimbursements.  The various systems currently being used to support these areas are as follows:

WANG VSxe "WANG VS"-Based

· Budget Formulation System

· Allotment Control

· Foreign Affairs Administrative Support/International Cooperative Administrative Support System (FAAS/ICASS)

· Full Time Equivalency

· Foreign Currency

PC-Based

· American Salaries Requirements

· Full Time Equivalent (FTE) User Report

· Obligation Phasing Plans and Performance Monitoring

· Expenditure Tracking

· Overseas Pricing

· Financial Plan

This plan develops a strategy for effectively consolidating the functionality and data from these systems and developing a new integrated target system to operate in the new FMP PC-based LAN environment.  The data and functionality currently maintained in stand-alone PC application will also be identified and incorporated into the target system.

1.4 Year 2000 Considerations and Solutions

As the year 2000xe "Year 2000" approaches the essential issue in information management becomes the inability of older mainframe/mini computer systems to reconcile the two-digit date of “00” with the year 2000.  For years programmers have applied special meaning to certain future dates under the assumption that existing software would become obsolete or get replaced prior to those dates being reached.  To determine the extent of the problem within FMP/BP and to yield a viable solution to the migration of the FMP/BP database, a hardware and software review was conducted to:

· Determine the magnitude of the problem by assessing the entire system, including a full portfolio of system and application software source code to determine the year 2000 vulnerability;

· Decide the best way to make the migration and updates on a program-basis; and

· Determine which products produce the desired results without sacrificing capability, capacity, and ease of use.

1.4.1 Existing System Considerations

The WANG VS-basedxe "WANG VS" FMP/BP system is unable to correctly process the year 2000 in its current operating environment.  To save data storage space, the WANG VS applications store the last two-digits of a year (e.g., DD/MM/YY) making it impossible to distinguish between dates in the 20th and 21st century.  The existing WANG application software has many 2-digit dates, and therefore it is subject to Year 2000 processing problems.  This leads to problems when date ranges, comparisons, or indexing/selecting is computed that involve dates beyond 1999.

Three aspects of the Year 2000 vulnerability on this system were considered:

· Magnitude of Changes Required.  The magnitude of the problem is proportionately as large as the number of programs in use and those anticipated for future applications.

· Cost to Fix Versus Replacement.  The cost to fix the problem increases as the year 2000xe "Year 2000" rapidly approaches and the number of dates beyond 1999 are added to the system.

· Time frame to Critical Impact.  There is another pressing side to this issue and that is the calendar time available to implement the changes to existing applications that would be necessary to meet the Year 2000 standards for processing is not adequate.  There is simply not enough time for 6 months of requirements analysis, one year of design, and two years of programming and testing.

This migration plan proposes a development approach to consolidate all of the functionality and data in the existing legacy applications into a new target system which will use 4-digit dates and therefore preclude any year 2000xe "Year 2000" problems resulting from old application codes.

1.4.2 Program Migration

All Microsoft operating systems are consistent with the year 2000xe "Year 2000" solution as they store, retrieve, and calculate early data using a three-digit form.  Most Microsoft products rely on the operating system for their date formats allowing them to handle dates well into the next century.  FMP/BP is currently using the Microsoft suite of products from the workstation level to their network server.  By using Microsoft SQL Server running on a Windows NTxe "Windows NT" 4.0 NOS (network operating system) in conjunction with the Microsoft products currently on hand, the year 2000xe "Year 2000" problem has been alleviated as the new applications have incorporated the capability to handle four-digit dates into the software.  As a result, the products selected for use for this FMP/BP project can store and handle calculations based on dates in the 1900’s and the 2000’s.

1.4.3 Viable Products

Microsoft database products such as Access and SQL Server store years in four-digit form providing the year 2000xe "Year 2000" solution.  Although Access 95 still interprets the two-digit shortcut of “00” as “1900”, if the four-digit number is entered it recognizes the year “2000.”  Depicted in Figure 1.4.3-1 is a table outlining the upper date limits for viable Microsoft Products.

PRODUCT NAME
YEAR LIMIT

Microsoft Access 95 (full 4-digit "YYYY" year)
9999

Microsoft Access 95 (2-digit "YY" year shorthand)
1999

Microsoft Access 97 (2-digit shorthand in next major version)
2029

Microsoft Excel 95 ("YYYY" year)
2078

Microsoft Excel 95 ("YY" year)
1999

Microsoft Excel - next major version ("YYYY" year)
9999

Microsoft SQL Server
9999

Windows NT file system (FAT16)
(Workstation and Server)
2108

Windows NT file system (NTFS)
(Workstation and Server)
Future centuries

Windows NT runtime library (WIN32)
(Workstation and Server)
2099

Figure 1.4.3-1  Year 2000 Solution Summary for the Department of State

1.5 Migration Approach

Migration using a Rapidxe "Rapid Application Development" Application Development (RAD) approach was chosen instead of the traditional Waterfall approach because:

· There is a very short time frame for development before the year 2000xe "Year 2000".

· A PC LAN architecture was already selected and is in place.

· Software development tools are readily available.

· RAD allows for more flexibility in setting development priorities.

· RAD’s iterative approach lets users see a prototype of the system quickly.

Further details on the RAD approach being employed are described in Section 4.

1.6 Summary

The majority of the FMP/BP information systems currently in production demand costly enhancements just to keep up with day-to-day business.  As enhancements become increasingly more difficult to define and implement, and with the future existence of these systems uncertain, the transition to a PC-based client/server system becomes imperative.

This Strategic Migration Plan provides logical multi-tier architecture as the solution.  It analytically divides the implementation of an application into three distinct areas: user servicesxe "user services", business services,xe "business services" and data servicesxe "data services".  This segmentation allows developers to introduce flexible layers of abstraction between databases and the client applications that use them.  Each tier is responsible for a different task, and when consolidated, they form a cohesive, cooperating system that is flexible, robust, and capable of evolutionary growth.

Using the RAD approach in migrating the FMP/BP system will enable the Department of State to have a fully functional, integrated, FMP/BP system before the year 2000xe "Year 2000".

2 EXISTING ARCHITECTURE

During the early 1980’s mainframe computing was the only realistic computer choice for business and government organizations that required fast database retrieval and support for a large number of concurrent users.  This ability contributed to the acceptance of mainframes in “the way business was done” in the government.  The computer ran the database management system, managed the applications, and handled communications between the mainframe computer and “dumb” terminals.  As the name implies, “dumb” terminals are limited to displaying text and accepting data from users—they cannot run applications.  Later mini computers were used, but still lacked the speed needed to keep up with today’s need.  The majority of terminals used for the FMP/BP budgetary data reside on the WANG VS system.

This section includes the following:

· Existing Physical Architecture

· Existing Software Environment

· Current System Limitations

2.1 Existing Physical Architecture

The current Budget System uses the older WANG infrastructure coexisting with the newer LAN.  The centrally managed LANxe "Network:LAN" is subdivided into functional areas having similar group functions.  These functional areas include the following subsystems: transmission, workstation and client network, network management, and communications.  The current architecturexe "Physical Architecture" exercises a modular approach to LANxe "Network:LAN" implementation of the network subsystem.  The network subsystem is composed of the workgroup module.  The workgroup module provides access to all resources required in furnishing basic office automation support to the users—including those within FMP/BP.  The workgroup concentrator and associated servers are located in the computer area of room 131, Main State, Washington DC.  Further structural details can be found in the FMP/BP Implementation Plan.  The representation in Figure 2.1-1 reflects the recently installed existing LAN architecture.
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Figure 2.1-1  Current Physical Architecture

This architecture supports existing hardware, and will easily accept the addition of a Windows NTxe "Windows NT"/RMDS as described in Section 3.

As FMP/BP processing needs increase, a management server employing a suite of Microsoft BackOffice software can also be added for ease of administration of the database and other LANxe "Network:LAN" functions.

2.2 Existing Software Environment

The existing softwarexe "Software Environment" environment is a mixture of WANG VS COBOL stove-pipe systems and microcomputer-based databases and spreadsheets.  The applications are critical to the timely production of the budgets, preparation of allocation documents, and for responding to information requests from higher authority.

The WANG systems are custom designed software applications that are packaged as functional subsystems.  They are accessed through the FMP/BP’s Security Access Control system.  There are multiple sets of files that represent much of the same information.  The software does not conform to standards for year 2000xe "Year 2000" processing.  Considerable effort is currently required to maintain the existing systems.  New user requirements are difficult and cumbersome to incorporate into these systems because the software has been patched so many times.  Generally, systems are not organized into components so it is time consuming and difficult to modify the software to address new but similar requirements.

The PC-based applications are spreadsheets designed by FMP/BP employees and support contractors.  These spreadsheets are used to track expenditures and provide supporting documentation in a more flexible manner than possible with the WANG systems.  While the PC-based applications are satisfying a critical need in supporting budget formulation and execution functions, the data is maintained from flat file sources calling for duplication in effort and not allowing full data sharing across all functional areas.

2.3 Current System Limitations

The current Budget Systems reside on a WANG mini computer using COBOL applications and relying on WANG communications and “dumb” terminals.  Applications run on the WANG, echo back results to the user through the “dumb” terminals as shown in Figure 2.3-1, depressingxe "Limitations" the system with heavy processing.
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Figure 2.3-1  Mainframe/Mini Computer Architecture

The fundamental drawback of mainframe/mini computing in a budget office work environment is that it is very expensive and difficult to keep current with state-of-the-art applications.  Mainframes/mini computers demand extensive support, both for physical maintenance, and constant evolution/upgrading of applications.  Custom software development requires an increasing number of programmers to retool programs to suit the needs of the Budget Office.  This situation is further exacerbated by difficulties experienced with maintaining the WANG VS equipment caused by the shortage of hardware maintenance personnel and parts.  It is increasingly more difficult to find qualified personnel to perform the required maintenance.

While the FMP/BP staff continues to make use of several of the systems operating on the WANG to meet their basic requirements for formulating and managing the Department's budget, several deficiencies exist with the systems that limit their usefulness.  These limitations are:

· Flexibility.  The current systems have difficulty in accommodating variablexe "flexibility" budget/account structures and changes in business practices.  It is cumbersome and expensive to change when a new requirement appears, such as the recent integration of other agencies into the Department of State, and changes from Foreign Affairs Administrative Support (FAAS) or Office of Management and Budget (OMB).

· Accessibility.  The current systems do not readily accommodatexe "accessibility" ad hoc reporting.  They need to export data to spreadsheets for all budget analysis purposes.  Much of the work performed by FMP/BP analysts is driven by information requests from outside sources, or is otherwise non-routine in nature.  A flexible and capable ad hoc reporting function is not available.  The current systems also lack the needed interfaces with CFMS and other systems.  Information from the current systems is also not amenable for graphical analysis, unless first downloaded into other tools.

· User-Friendliness.  The current systems lack modern graphicalxe "user-friendly" user interface (GUI), tight integration of business rules, and advanced editing features.  They also require too much time to train new staff to use the system.

· Data Content.  The underlying data in the current systems are occasionally duplicative, which may lead to dataxe "data content" integrity problems.  Also, system data is not integrated with CFMS data.

2.4 
2.5 
2.6 
3 Target ARCHITECTURE

The FMP/BP PC-based LAN allows the end-user to access shared computing resources such as printers, application and CD-ROMs.  By migrating from the WANG VS to the PC environment, there will no longer be a need to access data through dumb terminals.

This section includes the following:

· Target FMP/BP Business Systems Characteristics

· Target Physical Architecture - Currently Available

· Target Physical Architecture - Future

3.1 Target FMP/BP Business Systems Characteristics

As described in more detail in the FM/BP Basic Roadmap for Office Functions and Applications, May 30, 1997 Draft, the target system should provide full adherence to existing statutory, regulatory, and administrative requirements met by the current system. The system must easily accommodate variable budget/account structures and changes of business practices.  This will be possible because of a highly modular design, which is easy to enhance and maintain.  In addition, the target system will have the following characteristics:

· Accessibility.  The new system will provide capable ad hoc reporting. The target tool environment will include built-in graphical analysis features.  Users will be able to directly accessxe "accessibility" spreadsheets and other office automation software within the working environment.  The system will have improved interfaces with CFMS and other systems. 

· User-Friendliness.  The Windows interface will make the system easierxe "user-friendly" to use, and will aid data accessibility and system flexibility.  A consequence of the Windows environment is that the system will be able to integrate easily with MS Office tools such as Word and Excel, which will aid overall user productivity.

· Improved Data Content.  Underlying dataxe "data content" will more closely reflect the actual business environment, and will have improved internal integration.  Data will be integrated into a single database which will add confidence to the level of data quality.  Standardized data editing and consistency checking will further enhance data quality.

· Superior Management Controls.  A combination of the NT Operating System, the database managementxe "management controls" system, and system design features will provide data security controls and access options that provide a detailed level of security.  This will allow more specific access options, finer graduated levels of control, and more reliable security.  In addition, it will provide a detailed audit trail that identifies the source and nature of all changes.

Access will be transparent to the user and will be compatible with the current Microsoft platform.  The FMP/BP database will be linked via the network to existing desktop PC’s.  Through a user-friendly graphical interface located on their desktops, users will be able to access the database information through a series of screens.  Further information pertaining to client/server topologies is detailed in Appendix A.
3.2 Target Physical Architecture - Currently Available

The existing FMP/BP environment includes several physical components which may be used effectively for the planned system.  These are available, but are not used by the current WANG-based Budget System.  These are itemized below:

3.2.1 Windows NT Operating System

Windows NTxe "Operating System:Windows NT" is the recommend operating system.  The newer software is compatible with Windows NTxe "Windows NT", and requires NT to implement all of its features.  NT is more reliable than other operating systems from Microsoft and provides more features and functionality.  It is implemented by using objects.  Significant hardware resources are required to support these additional features as described below.
Windows NTxe "Windows NT" uses objects to represent system resources.  Any system resource that can be shared among processes such as files, shared memory, I/O, etc. are implemented as objects.  The object model provides uniform resource access and simplified security implementation.  When one subject tries to access an object, the security system is involved.  It validates the operation, no matter if the object is a process, a section of shared memory, or a communication port.  See Appendix B for a more complete description of NT security issues.

3.2.2 Cable Plant

The design of the existing transmission subsystem provides for the current needs of FMP through the use of Category-5 UTPxe "Category-5 UTP" cablexe "cable plant".  Category 5 is the highest grade of LAN cable generally used.  It supports high-speed transmission protocols, such as FDDI, 155 ATM, Fast Ethernet, and token ring.  It must be installed to exacting standards.  Because it is a high-speed network cable plant, there are limitations on cable run length and electronic interference.

The backbone portion of the system architecture originates from the workgroup modules and is distributed to the Ethernet segment module (hub) locations.  These modules are comprised of workgroup serversxe "Workgroup Servers" (including MS SNAxe "MS SNA" \t "See Workgroup Servers", SMSxe "SMS" \t "See Workgroup Servers", MS Exchangexe "MS Exchange" \t "See Workgroup Servers" servers), concentrators, and Uninterruptible Power Supplies (UPS).  The workgroup concentrators are rack mountable and/or stackable.  They facilitate administration and building boundary points that provide access to external facility sources and are considered a part of the backbone.  The existing backbone cable plant adequately allows the data transmission link between strategic communications closets and building demarcation points.  The segment of the transmission subsystem performs the critical role in providing the required data transfer speeds between the user and user workstation.

3.2.3 WANG System During Transition

During the migration, access will have to be maintained to the existing database until all functionality has been transitioned.  The current application software resides on the WANG VSxe "WANG VS" mini-computer (located in the FMP/BP computer room).  Workstations that require continued connectivity to WANG resources will be able to transmit and receive data via a hub through a Light Speed gateway to the WANG VS.

3.2.4 Workstation and Client Subsystem

FMP/BP currently employs the Microsoft Windows NTxe "Windows NT" Workstation as the operating system of desktop PCs.  The use of Windows NT Workstations governs the minimum requirement for the workstation hardware.  Client workstations consist of a combination of Intel-based PCs with various memory and hard-drive configurations.  The minimum workstation configuration to support the Windows NT Workstation operating system (16-MB memory and approximately 250 MB free disk space) meets both connectivity and operating system requirements.  The environment includes the Microsoft Office suite of tools.

3.2.5 Database Server Configurations

The configuration shown in Figure 3.2.5-1 for the FMP/BP database server reflects both the guidelines of the FMP/BP Implementation Plan and the requirements of a Windows NTxe "Windows NT" server supporting a robust SQL database application.

To provide maximum inter-operability of systems and products, the configurations selected are as stated in the FMP/BP Information Systems Strategy Plan of August 15, 1996.  The software architecture proposed is compatible with Windows NTxe "Windows NT" and Database Servers.  Because the number of users is small (less than 40), the configurations provided in the Information Systems Strategy Plan are sufficient.

COMPONENTS
SPECIFICATIONS

Network Server Hardware HP
Netserver LH Pentium 200 with 128 MB RAM, RAID 5 Disk Array

Hard Drives
3 GB Hot Swappable Drives (8 GB available to operating system)

Network Interface Card
32 Bit Network Interface Card

Tape Back-Up System
4 GB Tape back-up (Internal)

Uninterruptible Power
APX 3000 VA UPS

Network Operating Systems
Windows NTxe "Windows NT" 4.0 or above

Software
SQL Server 4.1 or above

Monitor 
SVGA or higher

Mouse
Mouse required

Figure 3.2.5-1  Server Configuration

This configuration can be efficiently managed through the existing Microsoft Systems Management Serverxe "Systems Management Server" (SMS) where the centralized network management and control occurs.  By using the full capabilities of SMS, the SQL server can be managed from either a central or remote site.

3.3 Target Physical Architecture - Future

The future architecture will make full use of the existing modern physical infrastructure at FMP/BP as illustrated in Figure 3.3-1.  The key enhancements to the architecture are briefly discussed below:
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Figure 3.3-1 Target Architecture

3.3.1 Server and Client Equipment

The proposed server with its Windows NT/Visual Basicxe "Visual Basic" combination requires a minimum of 32 MB of RAM for satisfactory performance.  For “client” personal computers (workstations), having a minimum requirement of 16 megabytes is inadequate.  The exact amount of memory needed depends on a complex set of factors including the currently loaded software.  It is recommended that due to the increased software load and the memory intensive Microsoft products used by FMP/BP, that the RAM on all “client” workstations be upgraded to 32MB to improve access and productivity speed.

Productivity software consists of the Microsoft Office Professional Suite, which requires in excess of 200 MB of disk space for a full compliment of programs and functions.  Listed in Figure 3.3.1-1 is the minimum and recommended workstation requirements for optimal performance of the FMP/BP database at the workstation level.

COMPONENTS
MINIMUM REQUIREMENTS
RECOMMENDED TO SUPPORT ADDITION OF FMP/BP DATABASE REQUIREMENTS

PROCESSOR
486 microprocessor or higher, and/or ARC-compatible RISCxe "RISC"-based system
Pentium 100 MHz or higher microprocessor or higher, and/or ARC-compatible RISC-based system

RAM
16 MB of RAM
32 MB of RAM to accommodate both Office Pro 97 and FMP/BP desktop database program

VIDEO DISPLAY ADAPTER
VGA or higher resolution
SVGA or higher resolution video display adapter

CD-ROM DRIVE
2X CD-ROM or higher for RISCxe "RISC"-based systems
8X CD-ROM or higher to facilitate use of specialized software or program updates.  Computers without CD-ROMs can be loaded, maintained and updated over the network

FLOPPY DRIVES
3.5 inch disk drive
3.5 inch disk drive

MOUSE
Mouse
Mouse

FREE DISK SPACE
One or more hard disks with a minimum of 250 MB of available disk space
One or more hard drives with a minimum of 800 MB of available disk space

NETWORK ADAPTER CARD
Network adapter card
16 or 32-bit network interface card, 10/ISA/PCI bus, UTP port

Figure 3.3.1-1  Minimum/Recommended System Requirements

3.3.2 Database

The project team selected Microsoft SQL Server as the databasexe "database" platform.  A comparison of SQL Server and other candidates is presented in Appendix C.  In selecting MS SQL Server as the appropriate database platform for the FMP/BP the following information was taken into consideration:

· Speed of Database for Windows NT.  Various benchmarks have shown that MS SQL Server operates best on a Windows NTxe "Windows NT:speed of database" platform.  This allows for faster sort and index performance for better throughput and response time as well as additional counters and high-water marks for performance monitoring and tuning.  As SQL Server Enterprise Version 6.5 is a part of the Microsoft product line it offers a single unified architecture for sharing programming interfaces and tools, administration, security, and network models.  The dynamic locking provides both page-level and row-level locking, reducing contention between users trying to insert data on the same page simultaneously.  The heterogeneous replication allows SQL Server data to be automatically published on non-SQL systems such as Microsoft Access.

· Cost.  Microsoft SQL Server license costs are competitive with other databases that run on the Windows NTxe "Windows NT:license costs" platform.  Ease-of-use and ease-of-administration features reduce the time database administrators must spend in routine administrative tasks to free them for more productive work providing lower operational costs.

· Performance and Scalability.  One of the capabilities of SQL is its ability to filter data to the server so that only the minimum data required is returned to the client.  Using these facilities minimizes expensive network traffic between the server and client.

· Client Platform and Access.  Microsoft SQL Server takes advantage of Windows NTxe "Windows NT:client platform and access" features to provide improved functionality and ease-of-use features.  These include:

· Alerts:  Microsoft SQL Server can be set up to send e-mail messages or page an administrator, or start corrective actions in response to a specific event, such as when a transaction log fills to a specified level.

· Automated Operations:  An administrator can easily schedule routine administrative functions, such as periodic backups, consistency checks, or the execution of stored procedures on specific days and time.  There is also an automated Database Maintenance plan Wizard that makes it easy to set up a full maintenance schedule for the FMP/BP database.

· Extended Stored Procedures:  Using Microsoft’s SQL Server Open Data Services application programmer interface (API) for extended stored procedures, DLLsxe "DLLs" can be created and used.  Further enhancing the stored procedures is the incorporation of DDLs written in C and C++.

· Administration.  The administration of functions such as replication, configuration, and buffer management is simplified by using the SQL Enterprise Manager.

· Server Performance:  Microsoft’s SQL Server adds a series of SQL Server counters in the Windows NTxe "Windows NT:server performance" Performance Monitor, allowing a DBA or network administrator to monitor the performance of SQL Server by using the same graphical tool used to monitor Windows NT.

· Database Interfaces:  Graphical tools for Windows NTxe "Windows NT:database interfaces" are provided with simple interfaces that speed both administrative tasks and user interaction with the database.

· Integrated Security.  Integrated security takes advantage of Windows NTxe "Windows NT:integrated security" user security and account mechanisms.  See Figure 3.3.2-1.  Integrated Windows NT Security—Microsoft’s SQL Server can use Windows NT including user accounts as its login accounts, reducing the need for a DBA to administer a set of login accounts separate from the Windows NT user accounts.  When using Integrated Security, logins and passwords are not sent across the network, enhancing the security of the system.  Windows NT encryption can also be used to protect all of the data sent between the SQL Server and its client.
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Figure 3.3.2-1  Integrated Security

Groups can be created for the database.  These groups simplify assigning security and permissions for database objects, such as tables and stored procedures, by logically grouping users together.  A group name can be any name, as long as it follows the pre-defined rule for SQL Server identifiers.  These groups can represent each section within FMP/BP.  A Windows NTxe "Windows NT" local or domain group for SQL Server using the Windows NT User Manager is created.  New users are then added through the local Windows NT domain controller and assigned to the SQL Server group when required.  SQL Security Manager creates groups and login IDs on the SQL Server.  Connection is made between SQL and NT by establishing a trusted connection protocol (named-pipes or multi-protocol).

3.3.3 Development Environment

The project team has selected MS Visual Basicxe "MS Visual Basic" (VB) as the development environment for prototyping and application development.  VB is a superior development tool very suitable for running on the FMP/BP environment.

4 MIGRATION STRATEGY

This section describes the methods FMP/BP will use to migrate from the current Baseline Configuration (outlined in Section 2) to the Target Configuration (outlined in Section 3).  The purpose of this section is to ensure that developers and system users will have a common understanding of the approach and the key aspects or steps involved in the approach, and to build a common vocabulary for discussion.

This section includes the following:

· Migration Methodology

· Development Approach

· Key Techniques

· Steps to Migration

· Design

· Data Conversion

4.1 Migration Methodology

The selected migration methodology follows a development lifecycle model featuring an iterative process of analysis, design, prototyping, and refinement. The approach is designed to thoroughly analyze the problem and opportunities, communicate an understanding of the design requirements to the FMP/BP user community, and systematically build a prototype, and refine a technical solution.

4.2 Development Approach

Two approaches to system development and migration are described within the following sections.  The Waterfall approach, because in the past it was considered the “system standard,” and the Rapidxe "Rapid Application Development" Application Development (RAD) approach, because it can produce excellent and more timely results.  The RAD approach was, therefore, chosen for this migration effort.

4.2.1 Traditional Waterfall Approach

The Waterfall approachxe "Waterfall approach", consisting of sequential steps, was often used in the past in development and migration projects.  In the Waterfall approach the requirements are determined and approved before proceeding.  Next the system is designed and the design is approved.  Only after the design approval is the programming started.  This approach makes sense if the target system architecture was mainframe and batch processing oriented.

The primary disadvantage of the Waterfall approach is that the requirements are communicated in a thick document that users have trouble understanding.  Even if the document is valid and readable, users have trouble picturing the effect of the requirements.  It is also very difficult for a user to review in-depth the typical requirements document because of its size and complexity.

The design documents are easier to understand but users still have difficulty visualizing how the system will operate.  This is especially true if the architecture is radically changed from the legacy architecture. FMP/BP is making a substantial change in architecture, indicated by the installation of a new LAN, PCs, and an integrated relational database.

The Waterfall approach usually schedules a significant period of time for programming without sufficient user interaction and guidance.  Without continuing user feedback, it is easy for the programmer to be distracted and make programming decisions that could negatively effect the usability of the system, yet conform to the system design.  The end result being what the user asked for, but not what they wanted or need.”  Another problem is that the time to complete each step is significant; making the project not only slow to complete, but slow to adjust.

4.2.2 Rapid Application Development Approach

In contrast to the Waterfall approach, the Rapidxe "Rapid Application Development" Application Development (RAD) Approach is a continuing communications process that emphasizes close cooperation with the user.  This approach involves the user early in the development process.  The method of communication with the user is a simplified version of the system or prototype.  The prototype is derived from the specifications in the Relational Demonstration Modelxe "Relational Demonstration Model" (RDM).  Each iteration will build on and enhance the RDM.  The prototype will be written using object orient design and programming techniques inherent in Visual Basicxe "Visual Basic".

The user can visualize the system better because the screens and processes are demonstrated in actual operation. The user can see omissions and problems and communicate changes in very specific terms.  Because the user is involved with an interactive system, the concentration and thought/review is much more meaningful, effective, and quickly adjusted.

During each iteration, models are revised to be more complete and accurate.  This will give the users an early indication of the probability of project success and increases user acceptance.  Because users can see the results of their involvement, they are more likely to give better input when reviewing each iteration of the prototype.

By using this iterative approach to prototype development, the users can reorient priorities more easily and effect immediate improvements.  More iterations can be spent on a high priority part of the system, such as allotment control.  This results in a better system design earlier for different portions of the system because the prototype can be implemented in sections.  Another advantage is that new requirements can be added during the development process, such as handling new Bureaus, Commissions, or revenue sources.

The RAD Approach also fits well with the new architecture that FMP has implemented.  The LANs and PCs are highly interactive tools with rapid response times.  The PC software is predicated on:  users wanting an interactive approach.  Because the PCs are interactive, tasks are much smaller than on mainframe batch systems; i.e., processing is broken up into several much smaller tasks.  The RAD Approach follows this method.  Because each task in the model is small, the user can easily understand it and provide meaningful feedback.

The Object Oriented programming of Visual Basicxe "Visual Basic" also fits well with this concept of smaller tasks.  The smaller tasks lead to software components that are reusable.  This improves programmer productivity and software reliability.

The resulting models can be seamlessly integrated into the PC architecture, which reduces training time and increases user acceptance.  This result implies that few, if any, parts of the system will be left on the WANG VS.

The RAD approach permits use of another part of the architecture, the set of software tools on the PCs, and especially Microsoft Office.  For example the Congressional Presentation Document will be an MS Word document with links to external data sources for the table data.  The external data links can be thought of as a real time automated cut and paste capability from the database. The use of these tools ensures that the document and the database data are consistent.  This will speed the production of the document.  Other software such as the spreadsheet and graphics tools enable the analysts to perform more sophisticated quantitative analysis and presentation without requiring special programming.  The advantage over the current system is that one consistent set of up-to-date data will be available at the starting point for the analysis.  Additional data entries will not be required thus eliminating data entry and timing errors.
Like any new or different approach, the iterative prototype method will present some problems that must be recognized and dealt with quickly.  One problem is that the developers may not have sufficient business expertise to see the implications of the user requests.  Subject matter experts; e.g., senior budgeting staff, must ensure that the rules and regulations are represented correctly in the model.  This is not a small matter because frequently the junior level users know only part of the regulations or only how the regulations have previously been implemented.

Another problem is that certain parts of the system cannot be easily integrated.  Low level object oriented programming and use of a relational database can preclude this type of problem.  Also the extraction of the business rules from individual programs by placing them in a common location or in the appropriate object, helps the integration process and ensures that the rules are enforced.

4.3 Key Techniques

Key techniques to be used within the RAD Approach will include:

· Prototyping.  Thisxe "Prototyping" will be used both as a development/testing strategy, and as a communications tool.  A key objective is to encourage close and early involvement of the user in every design question.  (Microsoft’s Visual Basicxe "Visual Basic" will be used as the primary prototyping software platform.)

· Reverse Engineering.  Thisxe "Reverse Engineering" will be is used to document the current status and design of the existing system by using the reverse engineering function of the Logic Works’ ERwinxe "ERwin" CASE tool.

· Information Engineering.  Informationxe "Information Engineering" engineering design techniques will be used during the logical analysis and physical design phases of the application. Within the framework of information engineering, the application of object oriented design methods will be most appropriate for this development environment to ensure integrated data structures and modular, reusable code. (using the CASE tools Logic Works’ BPwin and ERwinxe "ERwin").

· Object Oriented (OO) Programming.  Selected techniques for objectxe "Object Oriented Programming" oriented programming will be implemented in the prototyping and implementation phase, (using the OO features of Microsoft’s Visual Basicxe "Visual Basic" 5.0).

4.4 Steps to Migration

This Strategic Migration Plan outlines the steps to migrate the FMP/BP system from the former configuration to the target system configuration as follows:

1. Develop a high-level target design for logical business, physical database, physical system, and business process revisions.

2. Develop a progressive series of prototype models with a final design and implementable system.

3. Convert legacy data into a relational database.
4. Plan a detailed implementation process, including parallel operation of the new and legacy systems, and when appropriate, include prioritization of steps/sequence.

This approach will revise and improve some business processes, through process improvement; however, it will be an evolutionary not revolutionary process.  FMP/BP requirements will be revised through successive iterations of the RDM.

The preliminary work collected the information necessary to outline FMP/BP requirements and develop the information flows using the BPwin CASE tool.  The product of the Road Map, Opportunities for Consolidation, and the additional information gathering provides the raw material for the model.
4.5 Design

The object oriented approach has been selected for the FMP/BP to create a consistent, concise design that is extensible and reliable.  The design principles, benefits, and steps are addressed below.

The Object Oriented approach develops all data, process, and user interface as independent components with well-defined public interfaces.  Several aspects of these principles will affect how the work is organized and prioritized is outlined below.

· A Normalized Database Design.  Normalizationxe "Normalization" is the process of removing redundancies from data and is a more structured process than data consolidation.  By avoiding the need to update the same data in multiple places, normalization improves the efficiency of an application and reduces the opportunities for introducing errors due to inconsistent data.

· Data and Process Independence and Interdependence.  Inxe "Independence" object oriented three-tier modeling, the processxe "Interdependence" portion of the design includes data services (data manipulation), business services (procedural business rule application), and user services (visual user interface).  This separation provides consistency among applications and make the functions easier to understand and validate.

· Standardized User Interface.  Standardizing the user interface improves programmer productivity because the programmers can change the visual elements of the interface without being concerned about the impact on business rules or data storage.

· Business Rules.  Business rulesxe "Business Rules" will be manifest in several aspects of the design.  Relational business rules are reflected in data structure.  Procedural business rules are incorporated in business services.  These rules will control how data is stored or processed.  By making the business rules explicit, the design will ensure that the rules are applied to all applications in the system.

· Object Classes are Independent Models of Business Entities.  An object classxe "Object Class" will have aspects of all of the above—process and data.  From a design point of view, the basic idea is to have a limited set of foundation classes with fundamental properties, from which all other objects derive.  Derived objects selectively inherit characteristics of parent class.

Object Oriented is primarily a way that will bring discipline and structure to this project, both in the analysis and in the system design.  In the long run, this will make development faster and systems easier to maintain.  There is nothing that can be done using OO code that cannot be done with structured programming.  However, OO will make it easier to construct systems that are fundamentally sound.  Also, OO design provides an approach for consolidating multiple stovepipe systems into one system without redundancy.

4.5.1 Object Oriented Benefits

Two of the obvious benefits of objectxe "Object Oriented Benefits" oriented software construction are higher quality and easier maintenance.  The object oriented approach will eventually make larger information systems more effective and adaptable.

Quality is improved by using object oriented software construction along with rapid production.  This is the result of programs that are assembled out of existing proven components rather than being developed from scratch every time.  The superior modularization of object technology reduces the interactions among the components of a program, making it easier to verify whether or not the program functions correctly under all possible condition.

If defects do surface in an object oriented system, they can usually be located easily because of the natural mapping between the structure of the software and the real world system that it models.  Once defects are located, modifications are easier to implement because the modularity of object oriented software allows changes to be combined to a small part of the program.  The kind of chain reaction created in correcting conventional programs where each correction creates two new problems is much less likely in an object oriented system because the effects of the changes are of a more localized nature.

Because of the improved modularization, object oriented programming is especially well suited to developing large-scale and/or complex systems.  Large systems are easier to build  and maintain when they are constructed from subsystems that can be built and tested independently.  Also, new types of objects can be added to a system without having to modify the existing objects.  This allows a system to grow without having to redesign the system with each expansion.  In short, object oriented technology combines the power of modular programming with the ability to hide different implementations behind a common interface thereby simplifying the communications between objects.

Object oriented technology effectively represents the increasingly complex information that organizations now rely on and this increased complexity does not come at a cost of accessibility.  The fact that object oriented structures reflect the way that people organize and understand the real world results in richer structures that make information more accessible, not less.

The needs of modern organizations are changing at an ever-increasing rate.  With object oriented software local changes can be made in a program without rebuilding the entire system.  The adaptability of object oriented programs to change may be the most crucial advantage of the technology.

4.5.2 Three-Tiered Object Design

In a logical multi-tiered design, process services are divided into the following three types:

· Data Services.  Thesexe "Data Services" are primarily concerned with managing data access, recovery, and consistency.

· Business Services.  Unlike data services, businessxe "Business Services" services are responsible for implementing process-based business rules.  They interact with data services to retrieve and present data while they add the functionality of applying business rules.  Typical examples of business servicesxe "business services" include components that perform foreign currency calculations; and validation of business data such as name, pay grade, duty position, and assignment.  They are also items that are subject to frequent updates.  Their role is to validate the content of the data they are working with, and perform calculations or other computations that exercise business rules.

· User Services.  Thesexe "User Services" are the visual part of any information system. These services are responsible for displaying data to the user, allowing the user to manipulate that data, and communicating with business servicesxe "business services" to validate or generate data that is dependent on business rules.  Examples of user servicesxe "user services" are the forms, controls, graphics, and messages displayed on the user’s screen.

The segmentation of these tiers is done logically, and does not dictate where the implementation of those services will lie.  This segmentation permits consolidation across applications and extraction of rules into one logical location instead of in each application.  It is important to note that there can be a “multi-tier” design where all the implementation of all the services is in one executable command.  However, this does not allow for any sharing or reuse of components, which is a benefit to componentization.

4.5.3 Formal Analysis and Design

The formal analysis and designxe "Formal Analysis and Design" process (Steps 1 through 7) will advance in parallel with the prototyping process (Step 8).  While the primary purpose of prototyping is user communications and RAD design testing, the formal analysis and design processes are intended to yield the best technical design.

These two processes are complementary and result in a better system than by using just one of the processes.   The formal analysis and the development team personnel overlap so there will be a continuing sharing of information between the two teams.  The two process approach ensures that the system upholds the rules and regulations and properly prioritizes modifications.
The Requirements Analysis process is iterative and will be adjusted as required in response to changes discovered during user reviews, and in the architecture.
· Step 1.  The formal analysis and design process is similar to the traditional Waterfall approach Requirement Analysis.  The development team must:

· Review of the Document

· Conduct User Requirement Sessions

· Conduct Existing Operating System Sessions

· Review Existing System Code

· Document the Baseline Configuration

The primary output of this process is an understanding of FMP/BP activities and requirements and not a detailed signoff document as in the Waterfall approach.

The Baseline Configuration is used to develop a detailed operational concept of the interaction of the Target Configuration in the form of a Business Enterprise Model.  The procedure shown in Figure 4.5.3-1 identifies the system into the process and data activities.  The formal analysis team identifies key requirements from the results of the previous steps that have a strong influence on cost and schedule, functionality, or performance of the model.
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Figure 4.5.3-1  Process and Data Analyst Modeling Activities

The Baseline Configuration was documented at an outline level during the initial phase to represent “where we are now.”  The reverse engineering feature of ERwinxe "ERwin" was used to write the WANG-based utilities into the data modeling format.  The Baseline Configuration is composed of existing information requirements, policy, programs, procedures, standards, operational information systems, and their interrelationships.  This includes:

· Department of State Data Standards

· Documentation of Existing FMP/BP Systems

· Input/output  Forms and Formats

· Access to Documents Providing Ability to Assess Information Technology Standards for Data Transmission, Data Storage, Naming Conventions, and Processing Standards

· Data Stores (Maintained Information)

· Extend Rules and Regulations (such as OMB, FAAS, and Treasury Regulations)
· Step 2.  Model the data and derive system and other environmental architecture requirements.  Identify the requirements associated with external and internal FMP/BP interfaces by performing a functional and data analysis.  A sample context diagram is shown in Figure 4.5.3-2.
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Figure 4.5.3-2  Sample Context Diagram

This defines the business process and activities within Budget Execution used to derive the relational logical model and data flow diagrams.

· Step 3.  Analyze the functional activities within FMP/BP by developing structured functional decomposition chartsxe "Functional Decomposition Charts" such as shown in Figure 4.5.3-3, and performing traceability analysis using the entities shown in Figure 4.5.3-4.  Conduct interviews with experts to validate the functional processes to ensure that the development team has a thorough understanding of the functional areas within FMP/BP, and that the ownership of the data has been established.
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Figure 4.5.3-3  Functional Decomposition Diagram
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Figure 4.5.3-4  Reverse Engineered Entities

Built in Erwin,xe "ERwin" the data is taken from the WANG file formats.  The Model is then revised to define all entities, attributes, and other data objects.  Erwin is an industry leading tool designed for this purpose.

· Step 4.  Develop Activity chartsxe "Activity Charts" that show the steps like those in Figure 4.5.3-5, that maintain requirement traceability.  These ensure that the lower level (derived) requirements are necessary and sufficient to meet the higher level requirements using management and traceability tools.
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Figure 4.5.3-5  Activity Chart

· Step 5.  Capture system, derivation, and other requirements into a structure such as the data model in Figure 4.5.3-6.  It should include allocations, traceability, and requirements status in: Event Diagramsxe "Event Diagrams", Data Flow Diagramsxe "Data Flow Diagrams", State Chartsxe "State Charts", Physical Databasexe "Physical Database", Distribution Designxe "Distribution Design", informationxe "Information Architecture" architecture, and Logical Data Modelxe "Logical Data Model".  Produce Information Requirements Study results and an Implementation Plan that includes a “roadmap.”
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Figure 4.5.3-6  Data Model

· Step 6.  The procedure design phase will focus on component identification and the production of action diagrams.  Identification of Potential Data Overlap by review performed of PC-based standalone spreadsheets and WANG VSxe "WANG VS" generated reports within FMP/BP.

· Step 7.  Analyze and design the physical database for the proposed hardware and Software.  Sample data definition language (DDL) code used to generate the physical database is shown in Figure 4.5.3-7. This code sample derived from the logical design, represents the physical design.

CREATE TABLE AC_ALLOTMENT_AMOUNTS (

       ac_office_num          SHORT,

       ac_allotment_level   BYTE,

       ac_a_init_direct        CURRENCY,

       ac_a_init_reimb        CURRENCY,

       ac_a_init_gross        CURRENCY,

       ac_a_adj_direct        CURRENCY,

       ac_a_adj_reimb        CURRENCY

);

CREATE UNIQUE  INDEX PrimaryKey ON AC_ALLOTMENT_AMOUNTS

(

       ac_office_num,

       ac_allotment_level

);

Figure 4.5.3-7  DDL Code Sample

· Step 8.  Using the information from the previous steps, the development team builds a prototype in Visual Basicxe "Visual Basic".  For faster development the development team is split into two subteams.  Each subteam is working on prototyping an FMP/BP subsystem.  Each subteam plans a 9-week development cycle for each iteration.  During each 9-week period the subteam enhances and refines the prototype based on prior user responses and the Formal Requirements Analysis and design process.  At the end of each 9-week period, the subteam presents the prototype to the user for more comments.  Based on the comments the subteam continues to enhance the existing functional area or moves on to another functional area in the RDM.

The above steps aid in detecting new requirements and verify and validate existing or potential requirements.

4.6 Data Conversion

The conversion of the operational dataxe "Data:conversion" is the key factor in the success of any database implementation effort.  The conversion activity will make the most demands on the operations staff’s time. For this reason, it is imperative that the planning activity at the beginning of the system implementation be carefully organized, and the procedures for monitoring the conversion be firmly established.

Conversion planning and time-phasing of systems into the conversion process is an activity which should be completed in close coordination between the implementing project team and FMP/BP operations management.  The particular transition strategy selected will dictate the staff requirements and workload patterns for both organizations throughout the life of the conversion effort.  Of particular concern to FMP/BP will be the staff workload at the point when the files to be converted are frozen, processed through testing, and phased into the production environment.  The time-phasing selected must accommodate data priorities for conversion which are heavily dependent on the inflexible calendar within the budgeting office.

Although the detailed planning will not be started until after the prototype iterationsxe "Prototype:iterations" are close to completion, basic primary planning and phasing can be initiated beforehand. The time-phasing of the principle conversion activities should reflect minimum constraints.  This means that the activities will start and finish within the limits established.  Refinements to the plan will be developed jointly between FMP/BP and the implementing organization.
The actual data conversion process itself is broken down into five activities.

· Qualification

· Extraction

· Correction

· Transformation

· Loading

Legacy data contamination has a compounding effect since anomalies and uncommon keys, by nature, tend to cluster around large data groups. Different keys from different data sources that identify the same entity must be handled with great care to avoid problems.  A single common key for each entity must be created.  Having multiple keys that link most, but not all, of the data correctly can create inaccurate responses or limit the user’s ability to access vital information.

A data conversion tool extracts data from one source and transports it to a wide range of platforms with some transformations.  Each transformation is relatively simple in those products, and the data is assumed to be in a known format that can be parsed and then rewritten to a target format.  The tool will work like a compiler, except it will output data instead of executable code.  All data conflicts will be reconciled during the migration process only.

During the copying process, additional detailed data may be derived or data summaries built that do not apply to operational processing, but are relevant to end-user decision support systems.  This data derivation and summarization may also be done after the data have been moved into the warehouse.

Historical data in a data warehouse system may take the form of a continuous record of all the changes made to the operational databases, or reflect the status of the operational databases at specific moments in time.  For example, a bank may want to keep a historic record of all the changes made to a customer account over a period of time or track the account balance at certain moments in time, such as the end of each business day. Regardless of which type of historical record is required, the data must contain a time element that documents the currency of the data.  If this is not in the original operational data, it must be added during copying.  FMP/BP may want to track the allotment or budget balances.

4.6.1 Qualification

The operational FMP/BP systems dataxe "Data:qualification" must first be examined to determine the exact characteristics of each data element.  Establishing the source of the data is not as straightforward as it sounds.  Because of the technology constraints at the time of implementation, legacy systems often resulted in a replication of data elements not always updated concurrently. It is important, therefore, that the “primary” version of the data element be determined. The destination for each data element within the host database must be clearly established and the size of the data migration effort must also be determined.  During this activity, peculiarities pertaining to each operational file will be documented.  As each file is converted, differences will be resolved to facilitate a smoother conversion process. The business and conversion rules must be closely followed to ensure system validation and data integrity.

4.6.2 Extraction

The copying and restructuring of the production dataxe "Data:extraction" to the conversion platform will be required prior to the initiation of the acceptance phase. In order to take maximum advantage of the capabilities offered through the target data repository, significant changes may be required in the orientation of the data management and data query functions of the new system environment.

4.6.3 Correction

The actual dataxe "Data:correction" correction within the data conversion process itself involves cleansing, conditioning, matching, duplication, enrichment and standardization. These actions will mandate that appropriate change to specific data elements will be made to ensure conformity to the desired data management disciplines of the new database.  The changes will include removing duplicates, cleansing and conditioning data to reflect the desired level of integrity and standardization on the appropriate format.  Business rules will be applied to the data to ensure compliance with FMP/BP standards.

4.6.4 Transformation

The transformationxe "Data:transformation" processxe "Transformation" will establish the destination application, view, or business context. Where appropriate, the data elements will be merged, reformatted, matched, eliminated, and re-computed. The business rules will be applied on a row-by-row basis within the new host data repository.

4.6.5 Loading

The converted dataxe "Data:loading" will be moved from the data conversion platform and mapped onto the appropriate locations of the target database.  Utilities will be used whenever possible to load the data.

Conversion bottlenecks to be avoided are data issues not being resolved in a timely manner, operational procedures not being finalized, incomplete or inaccurate business rules, outstanding technical issues, and an ineffective organizational structure. It is important that the organization be realigned to support the new data management structure.

Some of the issues to be addressed during the data migration process include resolving data integrity problems, inconsistencies between operational standards and the data model reconciliation, incomplete datasets, time and history issues, and complex matching and consolidation of data elements.

5 WORK BREAKDOWN STRUCTURE

The migration of the FMP/BP computer applications from the existing WANG VS and stand‑alone PC environment has been planned in two phases.  Phase I involved the development of the Basic Roadmap, the identification of Opportunities for Consolidation, the preparation of a migration strategy and the development of the first two models of an iterative prototype for the target system.  Phase II is planned to complete the target system prototype and the development and implementation of the target system.  Together, the two phases will in effect migrate the FMP/BP applications from the current WANG and stand-alone PC environment to the recently installed PC LAN environment with a newly designed target system structured around a central relational database and a set of integrated business processes.

This section includes the following:

· Work Breakdown

· Detailed Schedule

5.1 Work Breakdown

This sectionxe "Work Breakdown Structure" identifies the work to be performed to accomplish the overall migration of the FMP/BP applications to the new PC LAN environment.  The work is identified in a work breakdown structure in Figure 5.1-1 showing the tasks that have already been accomplished in Phase I and the tasks and subtasks that are planned to be completed in Phase II.  Section 4 of the Migration Plan describes the methodology that is being used to achieve a rapid system development and implementation.  The break out of two model iterations in Phase I and seven additional iterations of those models in Phase II, as shown in the work breakdown structure, constitutes the plan to design and construct the target system through nine prototype iterations.  Section 4 further describes the methodology that is being used in the prototype and system development tasks and in the specific work assignments shown on the subtasks.

(replace this page with Structure Chart)

Figure 5.1-1  Project Work Breakdown Structure

Detailed Schedule

A detailed schedulexe "Schedule" for accomplishing the work identified to implement this migration plan is provided in Figure 5.2-1.  It is present in Gantt Chartxe "Gantt Chart" format with planned start dates, durations, and task dependencies.  As indicated,  the development of the system (Task #7) is planned to start in January 1998, while the prototype development continues to completion.  This concurrent work schedule will accelerate the overall project completion and is considered a manageable and acceptable risk for the project.  With continued user support, the prototype should be completed by May 1998 and the system developed and ready for operational test and implementation in the last fiscal quarter of 1998.

While the work breakdown addresses specifically the tasks identified in the Statement of Work, the rapid prototyping methodology described in this plan is flexible enough to accommodate the identification and definition of future tasks and the incorporation of those tasks within this work plan without disruption.  Section IX of the Statement of Work identified four tasks to be addressed in Phase II.  These tasks have been included in the work plan as follows:

1. Implementation of the Strategic Migration Plan.

2. Business process reengineering throughout the rapid application development process.

3. The methodology used in the rapid application development process directly incorporates all identified opportunities for consolidating processes and data.

4. The “Year 2000” corrections, as needed, are addressed in the migration plan both in terms of new software tools being incorporated in the target architecture and explicitly resolved in the design of the new target system.

(replace this page with page1 of 3)

Figure 5.2-1  Project Schedule (Gantt Chart)
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Figure 5.2-1  Project Schedule (Gantt Chart)
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Figure 5.2-1  Project Schedule (Gantt Chart)

APPENDIX A

CLIENT/SERVER ENVIRONMENT

A CLient/Server Environment

Computers such as those on the FMP/BP WANG VS system have been in existence for over 20 years because of their ability to support a large number of concurrent users while maintaining a fast database retrieval.  Their Relational Database Management System (RDMS) manages the applications that access the RDMS, and handles communications between the computer and “dumb” terminals.  “Dumb” terminals are those limited to displaying text and accepting data from users.  The application does not run on the dumb terminal, instead, it runs on the mainframe and is echoed back to the user through the terminal.  The fundamental drawback of this type of computing is that it is very expensive and difficult to keep current with state-of-the-art applications.  In choosing to migrate from the WANG VS system to a client/server topology, FMP/BP has recognized that the current system requires extensive support.  This support is reflected in terms of dollars spent on the high cost of physical maintenance and in the upgrading of proprietary software that requires specialty programmers to retool programs to suit the needs of the customer.  This appendix provides information and clarification relative to client/server topology, database devices, and Windows NT operating system structure.

A Client/Server Topology

In migrating the FMP/BP database functionality from the WANG VS mini computer, FMP chose to migrate to the Client/Server (C/S) architecture.  C/S database computing evolved as an answer to the drawbacks of mainframe, mini-computer, and file server computing environments.  The client/server architecture combines the processing power of the mainframe/mini with the high flexibility and low price of the PC as shown in Figure A.1-1.
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Figure A.1-1  Client Server Architecture

C/S database computing is the logical partitioning of the user interface, database management, and business logic between the client workstation and the server computer.  The network links each of the processes.  The client computer, (workstation) controls the user interface.  The client computer is where text and images are displayed to the user and where the user inputs data.  The user interface may be text based or graphical based.  The client/server architecture for FMP/BP acknowledges the significance the following issues:

· Affordability.  C/S database computing is less expensive than mainframe/mini computing due to the fact that it is based on an open architecture, which allows for the use of a wide variety of more affordable applications and hardware.  The price of a mainframe is much greater than that of a PC with the equivalent computing power.  Both mainframes and PCs have sufficient computing power to run a C/S database application.

· Speed.  The separation of processing between the client and the server reduces network data traffic, which allow a C/S database system to deliver mainframe performance while exceeding PC/file server performance.

· Adaptability.  The C/S database computing architecture is more open than the proprietary mainframe architecture.  If need be, it is possible to build an application by selecting a DBMS from one vendor, hardware from another vendor, and development software from yet another vendor.  This allows the development of the better database applications on the most appropriate hardware to suit the specific requirement of the FMP/BP environment.

· Simplified Data Access.  C/S database computing makes data available to all of FMP/BP.  Data access is not limited to only those who understand procedural programming languages, instead, data access is provided by common software products that may hide its complexities.  In addition to the new FMP/BP application system, the Microsoft Suite of word processing, spreadsheet, and reporting software will provide simplified access to the C/S data.

Business logic is the set of rules that govern the processing of the application.  For example, individuals within FMP/BP will be able to place a data call to the server requesting American Payroll information with the objective of updating information on GS-12 pay as shown in Figure A.1-2.  Business logic will be distributed between the workstation and the FMP/BP database server.  The determination of which rules reside on the database server is a technical decision based on reliability, performance, ease of maintenance, and the software tools used.
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Figure A.1-2  Client Server Balanced System

The data arrives at the workstation and is visible via a Visual Basic graphical user interface (GUI) that allows the user to update/manipulate the data and to obtain the resultant information for analysis.  Upon completing the transaction, the amended data is sent back to the server where it is processed and stored.

A Database Devices

The database is an organized collection of data.  This collection of data is logically structured and systematically maintained.  SQL Server extends the concept of database by allowing the user to create and store other types of objects such as stored procedures, trigger, views and other objects that interact with the data.  The database device is a physical storage device, usually disk drives, that store databases and transaction logs.

Sufficient storage space must be available for the database and transaction logs.  A database device can be larger or smaller than the database or transaction log you allocate to the device because databases and transaction logs can span multiple devices.

When SQL Server is first installed, three database devices will be created.  Figure A.2-1 is a conceptual diagram of disk striping for a drive labeled F containing the FMP/BP database.  Drive F appears as a single physical drive to the SQL Server DBA who is creating devices.  Logically, a striped drive is a single drive, but physically, the logical drive spans many different disk drives.  A striped disk is made up of special file system called a striped set.  All the disks in the disk array that make up the logical drive are part of the striped set.  Data on each of the drives is divided into equal blocks and is spread over all the drives.  By spreading the file system over several disk drives, disk I/O performance is improved because the disk I/O is spread over multiple drives.  The balancing of the I/O is transparent to the DBA, who no longer has to worry about spreading out the field I/O.

Disk striping is also referred to as RAID.  A RAID 5 Disk Array has been recommended.  Although Windows NT also provides software level disk striping, it is recommended that hardware-based disk striping be employed as RAID configurations outperform Windows NT software disk striping.  A RAID 5 system has the maximum fault tolerance; a single disk can fail and the system continues to function.  A backup drive can be placed in the disk array so that the lost device can be re-created on the new drive by the RAID system.  RAID 5 technology can be implemented using Windows NT disk striping with parity or as a hardware-based solution.
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Figure A.2-1  RAID Striping Configuration

A Windows NT Operating System Structure

The structure of Windows NT can be divided into two parts: the user-mode and the kernel-mode.  The user mode is called NT Protected Subsystem; the kernel-mode is called NT Executive.   Windows NT user-mode subsystem consists of protected subsystems, each of which resides in a separated process whose memory is protected from others by the NT Executive’s virtual memory system.  These processes do not share memory; the NT Executive performs the communication between them.  The NT Executive is the core of the operating system.  It supports server processes.  The servers provide the NT Executive as the user and programming interfaces.

A Protected Subsystems

Each protected subsystem provides an Application Programmer Interface (API) that programs can call.  When an application calls an API function, the NT Executive sends a message to the corresponding server.  The server performs the function, then replies the result by sending a message to the caller.

Windows NT has two types of protected subsystems: environment and integral subsystems.  An environment subsystem is a user-mode server that provides an API to an operating system.  The Win32 subsystem, OS/2 subsystem, POSIX subsystem, 16-bit Windows subsystem, and an MS-DOS subsystem are environment subsystems.  These subsystems interact with users directly.  Integral subsystems are servers that perform some important operating functions. The security subsystem and the NT networking software modules are integral subsystems.  The security subsystem runs in user mode and records security policies on a local computer.  In addition, the security subsystem maintains a database of information about user accounts, including account names, passwords, group information and special privileges that users own.  It also accepts user logon.

A Logging Function

Windows NT is designed as a secure operating system.  To identify a user, it requires each user to have a unique account.  Each user account is associated with a security profile, which is a set of security related information.  Before users can access system resources, they must identify themselves to the system and verify that they are who they claim to be.

Users of the FMP/BP database server already possess unique logon identities as they are running Windows NT workstations and have had their security profiles established on the main workgroup NT server.  Through the logon procedure, users will provide identification information to the FMP/BP database server system.  When Windows NT detects a user’s logon, the information is passed to the security subsystem, which checks the information against an associated security profile.  If the logon information matches the information in the security profile, the user logon is authenticated.  The security subsystem then creates an object (access token) to identify this user in all subsequent operations.  This access token is passed to the Win 32 subsystem.
When the user start an action or SQL query of the FMP/BP database, the appropriate subsystem calls the NT process manager to create a process (in which the query will run) and opens a handle to it.  The process manager then calls the object manager to create a process object and thread object.  Before the object manager can create objects, the security reference monitor determines if the user has the privilege to run the program.  If the user has the privilege, the object manager then creates the objects, and returns the handle.  Otherwise, the user’s access request is denied.  An audit trail then identifies a security violation event (if access is denied) and the event is logged as shown in Figure A.3.2-1.
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Figure A.3.2-1  Access Denial Event Log

A Object Security

Sharable resources, such as processes, threads, files and shared memory, are implemented as objects in the Windows NT Executive.  The Windows NT object system servers act as a checkpoint for resource security.  Whenever a process opens a handle to an NT object, the NT security is invoked.  Each object has an Access Control List (ACL), containing information about which processes can access the object and what they can do with it.  When a process opens a handle to an object, it specifies operations that it wants to do.  The security subsystems then check whether the process is allowed to perform the operation.  Because a process must open a handle to an object before it can do anything, its behavior is always checked by the security subsystem.  Since no processes can by-pass security checking, the Windows NT object manager becomes a security gateway.

A Access Tokens

In order to control the access to an object, the security subsystem is responsible for authenticating users.  After the security subsystem determines a user’s logon, it creates an object attached to the user’s processes.  This object is the access token that is checked whenever a system resource access is required. The access token identifies a process to the operating system.  A security descriptor describes a set of processes that can access each object.  When a process tries to open a handle to an object, the object manager and the security system compare this information and determine if the process can be given the handle.  If the caller has the access privilege, the Object Manager returns a handle to the caller.  For example, a user wants to read a file in the Foreign Currency module.  The file object’s ACL contains an Access Control Entry (ACE) describing a security ID and set of access rights.  If the ACL Security ID matches the user security ID, and the access right with this ID is read, then only the user can read the file.  But if the user wants to write to the file, access is denied.

APPENDIX B

SECURITY ISSUES

B Security Issues

The U.S. National Security Agency’s criteria for a C2-level secure system are the baseline measurements of a secure operating system.  In 1995, Windows NT completed the NSA evaluation for secure systems and received a C2 rating as a stand alone workstation, placing it on the NSA’s Trusted Products listing.  While C2 security is required of many U.S. military installations, its substantial value extends to any government organization concerned with information security.

B C2 Certification

The requirements for a C2 secure system are outlined in the Department of Defense’s National Computer Security Center (NCSC) “Evaluated Products Criteria”, commonly known as the “Orange Book.”  All systems, whether they are network operating systems or stand-alone operating systems, are evaluated per the criteria set forth in the Orange Book.  Windows NT Server was evaluated using these same criteria.  Further interpretations of these requirements can be found in the Trusted Network Interoperation of the Trusted Computer System Evaluation Criteria, (Red Book) which applies the Orange Book criteria directly to networking components of a secure system.  It should be noted that Windows NT Server and Workstation are certified C2 only when run in the stand-alone mode.  A waiver is required if NT is running on a network.  Some the principal requirements defined within C2 requirements are as follows:

· Discretionary Access Control.  The owner of the resource (file, data, etc.) must have the ability to control all access to the resource.

· Object Reuse.  The operating system must inherently protect any data stored in memory for sole use by one process, protecting it from random reuse by other processes.  Both Windows NT Server and Workstation protect memory so that the contents cannot be read after a process frees it.  Further, when either a system or a user deletes a file, users cannot access the file’s data, even when the disk space used by that file is allocated for use by another file.  This class of protection must also be allotted to disk, monitor, mouse or any other attached devices.  

· Auditing.  The systems administrator must be able to audit security-related events, including the actions of individual users.  Access to this audit data must be limited to authorized administrators.
· Identification and Authentication.  A unique identifier must be present which describes each user of the system.  Windows NT Server and Workstation operating systems achieve this by associating a unique user logon name with a password before allowing access to the system by a user.  The system must be able to use this unique identification to track the activities of the user.

B Remote Registry Access

By default, the Windows NT workstation provides the Everyone group with write access to much of the registry.  This problem can lead to  major problems as it provides remote registry access to the Registry Editor.  Any user can manipulate the registry on any server or workstation on which the user had a valid user account or on which the guest account was enabled.  This flaw is also present in the Windows NT 3.51 Server.  Windows NT 4.0 Server provided a fix for this problem by introducing the following registry key:

HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Control\SecurePipeServer\sinreg

This can be added to the existing FMP/BP Windows NT 4.0 workstations and will disable remote registry access by non-authorized users.

To understand the importance of protecting the registry, some of the potential attacks have been delineated as follows:

· Denial of Service.  A malicious user can change a few registry entries so that various services begin functioning strangely, but not so strangely that it is obvious what has happened.  The problems are not reproducible at other sites.  The systems administrator reinstalls and the problems go away.  The malicious user makes the changes again after a few weeks and the problems reappear.  If audit logging is enabled, the systems administrator might eventually track the problem to the user who made the changes, but in reality, most systems administrators will just reinstall NT.  The systems administrator eventually comes to the conclusion that NT needs reinstallation every few months to keep things running properly.

· Full Break-In.  Malicious user installs a break-in program into their own home directory, then modifies a key in the registry to point to this break-in program instead of some other original program.  The break-in program does the following:

1. Passes command line parameters to original program that the registry key pointed to giving the user no indication what has happed.

2. Gives malicious user administrative privileges, if possible.  It will be possible if the account under which the program is executing is an administrator.  If not possible, the exit command is given.

3. Notifies the malicious user of success.

4. Perform registry cleanup to erase all traces of the break-in.  In this manner a malicious user can break in, edit and control any NT workstation or server running version NT 3.51 and below.

B Permissions Set Improperly

If the file system has a large number of files, it is impractical to examine the permissions on each file using file manager.  Permissions are only shown for the root directory and files and directories below the root whose permissions differ from those of the root.  If all files and records have the same permissions, a report of permissions consists of a single item.  Permissions set incorrectly are due to differences between the way permissions are treated when copying verses moving a file.  If a file is copied, the file inherits permissions from the directory into which the file is copied.  When moving a file, existing permissions are preserved.  For example, a user creating a file in a temporary directory gives initial permission for full control to the Everyone group.  The user then adds data to the file that requires restricted access.  The owner then moves the file to a directory where only the owner has write permissions.  However, the file will retain the original permissions, giving Everyone write permission.  Only by copying the file to the restricted directory and deleting the original file, can the owner insure that Everyone no longer can access the file.

B Passwords

The human factor in security is of utmost importance, yet the most precarious of commodities.  While physical and regulatory precautions may be in place it is up to the user behind the hardware and software to insure that procedures are followed.  Passwords are the most vulnerable area.  For convenience sake, individuals will allow others to use and therefore compromise their passwords.  If written down, a password may be discovered; if too obvious it can be mastered.  Acquiring an individual password by either discovery, compromise or compliance is a low-tech means of breaking into a high tech system.  A randomly generated password of six letters/characters or more secured in a safe is still the best method of keeping unwanted intruders out of a system.

APPENDIX C

DATABASE MANAGEMENT SYSTEM TOOLS COMPARISON

C Database Management System Tools Comparison

The project team reviewed several database management systems as candidates for database platforms for the FMP/BP application.  The tools reviewed were all within the general category of Relational Database Management Systems (RDMS).  Other categories, such as Multidimensional databases, Desktop databases and Universal servers, have features not compatible with a transaction-based system of this type, and were not further considered. Within the RDMS class, however, there are no fundamental differences that distinguish among the options, and there are few practical feature differences that are significant.  (By analogy, this is not unlike comparing a Honda Accord to a Nissan Maxima.)  All of the four tools below, and others not listed would meet the basic requirements for this system.

The four representative candidates below were selected because of their current use within THE Department of State (DOS), or because they are the most popular of their class.  Note that Microsoft SQL Server and Sybase SQL server were originally identical, (designed by Sybase) and are still very similar.

· Sybase SQL Server Pro (Sybase Inc.)  According to Sybase Inc.: This Windows NT-based enterprise database server manages integrated content for client/server and Web applications. It employs symmetric multiprocessing systems for mixed workload environments. It includes a graphical performance monitor, central management for all Sybase servers, memory resource management, dynamic database content, data modeling, and application tuning tools.

· Microsoft SQL Server (Microsoft Corp.)  According to Microsoft Corp.: Microsoft SQL Server is a scalable database management system designed specifically for distributed client/server computing. Its built in data replication, management tools, Internet integration, and open system architecture provide a platform for delivering cost-effective information solutions.

· Oracle 8 (Oracle Corp.)  According to Oracle Corp.: An open, scalable RDMS that is portable to more than 80 hardware and operating system platforms, from desktop systems to mainframes and supercomputers.  Adaptable multi-threaded server architecture delivers scalable performance for large numbers of users on all hardware architectures, including SMPs and loosely coupled multiprocessors.  It offers concurrency control with full, unrestricted row-level locking and contention-free queries.  It provides a cost-based query optimizer and a resource limiter.  Applications can run around-the-clock, because system functions such as backup, recovery, and database administration occur online without interrupting transaction processing.  Developers and users can treat a physically distributed database as a single logical database.  A single SQL statement can query data from multiple databases and perform complex joins.  Provides SQL and procedural data access from almost any source with the SQL Connect and Open Gateway product families.

· DB2 Database Server 4 (IBM Corp.)  According to IBM Corp.: DB2 Database Server 4 provides a foundation for managing data. Multimedia applications can be created to present data, using video, images, and audio techniques. Both local and remote users can store, retrieve, manipulate, manage and share data. DB2 Database Server also lets developers build Web applications for DB2 databases, create multimedia applications using video, images, and audio, and customize DB2 applications using the Software Developer's Kit (SDK). Each DB2 Database Server includes the SDK for its respective platform.  SDKs for other platforms are also available at an additional cost.

· Indexed Flat-File (currently used in the WANG system).  Included for comparison purposes.  Simple database structure with indexes to support rapid searches.  In comparison to the RDMS, Flat files have several distinct disadvantages, including lack of security, lack of data integrity maintenance features such as record locking, compatibility with NT/Client server environment, support by CASE and data management tools.

Differences between the above tools are shown in Figure C-1.

Description
MS SQL Server
Sybase SQL Server
Oracle
DB2

Compatibility with existing DOS systems
Very good, due to MS Office compatibility
Very good due to MS Office compatibility
Good
Good

Installation/ Maintenance Ease1
Highest Ratings
Highest Ratings
Very good ratings
(rating not available)

3rd Party Tools1
Most Extensively Supported
Extensively Supported
Most Extensively Supported
Not Extensively Supported (fairly new product in NT realm)

Bells and Whistles
Most.  Includes an extensive collection of add-ons, such as data conversion tools, replication support.  
Substantial
Substantial
Few

Speed in NT environment2
Best
Good
Good
Good

Portability to non-NT platforms
Weak
Good
Excellent
Good

Extensibility3
Strong
Strong
Good
Strong

ANSI SQL Standards implementation
Does not implement complete set 
Does not implement complete set 
Implements complete set 
Implements complete set 

Sources:
1 Quest Software analysis, 1997


2 Microsoft Aales literature, 1997


3 Computerworld,  6/23/1997

Figure C-1  Product Matrix

Those areas without significant differences such as security, applicability to this project, etc. are not listed.
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ACE
Access Control Entry

ACL
Access Control List

API
Application programmer interface

APX 3000 VA
UPS unit

ATM
Automated teller machine

BIB
Budget in Brief

BP
Budget and Planning

BPwin
Business Process - Windows

C/S
Client/Server

C2
Level of government security clearance

CASE
Computer Assisted Software Engineering

CD-ROMS
Computer Disk-Read Only

CFMS
Central Financial Management System

CFO
Chief Financial Officer

CIF
Capital Investment Fund

COTS
Commercial-Off-The-Shelf

CpD
Congressional Presentation Document

DBA
Database administrator

DCP
Diplomatic and Consular Programs

DDL
data definition language

DOS
Department of State

ERwin
Logic Works’ CASE tool/ Entity Relationship - Windows

FAAS
Foreign Affairs Administrative Support

FDDI
Fiber Distributed Data Interface

FMP
Bureau of Finance and Management

FMP/BP
Bureau of Finance and Management Policy/Office of Budget and Planning

FSN
Foreign Service National

FTE
Full Time Equivalent

GB
gigabytes

GPRA
Government Performance and Results Act

GS
Government services

GUI
Graphical user interface

HUD
Department of Housing and Urban Development

I/O
Input/Output

ICASS
International Cooperative Administrative Support System

IDEF0
Integrated Computer-Aided Manufacturing (ICAM) Definition 0

IDs
identifiers

IE
Information Engineering

IRM
Information Resource Management

ISA/PCI
Type of bus

LAN
Local Area Network

MAX
Database used by OMB for accumulating submissions from agencies or departments

MB
Megabytes

Mb/s
Megabits per second

MHz
Megahertz

MRV
Machine-Readable Visa

MS
Microsoft

MSAC
Security Access Control

MS-DOS
Microsoft data operating system

NCSC
Department of Defense’s National Computer Security Center

NOS
Network Operating System

NSA
National Security Agency

NT
Windows NT 4.0 NOS

OMB
Office of Management and Budget

OO
Object Oriented

OS/2
Operating system for db2

PC
personal computer

PC LAN
Personal Computer – Local Area Network

POSIX
Type of subsystem

RAD
Rapid Application Development

RAID
Type of disk array

RAM
Random access memory

RFI/EMI
Radio Frequency In

RIPS
Resource Issue Presentation System

RISC
Reduced Instruction Set Computing

RMDS
Relational Database Management System

S&E
Salaries and Expenses

SMS
MS Systems Management Server

SNA
MS workgroup server

SNMP
simple network management protocol

SQL
Structured Query Language

SVGA
Super VGA

UPS
Uninterruptible Power Supply

UTP
Type of port

VB
Visual Basic

VGA
Video Graphics Array

VS
WANG VS

INDEX

INDEX
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