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From	Program Manager, Tactical Aircraft Mission Planning System (PMA-233)

To:	Assistant Secretary of the Navy for Research, Development, and Acquisition (ASN/RDA)



Via:	Commander, Naval Air Systems Command (AIR-546N)

Via:	Program Executive Officer for Tactical Aircraft Programs (PEO(T))

Via:	Commander, Naval Information Systems Management Center



Subj:	REQUEST FOR ADA WAIVER



Ref:	(a)	DoD Directive 3405.1, Computer Programming Language Policy, 2 Apr 87

	(b)	SECNAVINST 5234.2A, ADA Programming Language Policy, 28 Apr 94

	(c)	REVIC Software Cost Estimating Model, Version 9.2, USAF Analysis Agency, 1 Dec 94

	(d)	Translating C++ Software into Ada 95,î Ensign K.K. Uhde and Dr. S.R. Schach, Ada Clearing House



Encl:	(1)	TAMPS 6.0 Ada Waiver Request, Executive Summary

	(2)	TAMPS 6.0 Ada Waiver Request, System/Project Descriptions

	(3)	TAMPS 6.0 Ada Waiver Request, Economic Analysis

	(4)	TAMPS 6.0 Ada Waiver Request, Transition Plan

	(5)	TAMPS 6.0 Ada Waiver Request, Risk Analysis

	(6)	TAMPS 6.0 Ada Waiver Request, Statement of Maintenance



1.  In accordance with references (a) and (b) an Ada waiver is requested for the Tactical Automated Mission Planning System (TAMPS) 6.2 software release.  The approval of this waiver will result in a total life cycle cost savings to the Navy of $3,210 K.  Enclosures (1) through (6) provide supporting details for this request.



2.  The TAMPS 6.0 software release integrated commercial off-the-shelf (COTS) and Government off-the-shelf (GOTS) software into an open systems architecture (OSA).  This cost effective approach was undertaken in order to fulfill the Department of the Navy initiative to make extensive use of commercially available standards and OSA products in the acquisition of computer resources.  An OSA framework developed by the Marine Corps, the AN/TSQ-90D Tactical Electronic Reconnaissance Processing and Evaluation System (TERPES) program, as well as other COTS/GOTS were incorporated into this software release.  Today TAMPS 6.1, which is a minor maintenance upgrade of 6.0, contains 2.23 million Source Lines of Code (SLOC) of which 87% is C/C++, 11% is Ada, and 1% is FORTRAN.



3.  Funding limitations and schedule constraints have forced the TAMPS program to maximize the reuse of NDI code as well as minimize the amount of code modified or developed for this software release.  TAMPS does not have sufficient financial resources to convert the original TERPES C/C++ software into Ada.  In accordance with reference (b) I am committed to migrating TAMPS software components to Ada where cost effective.  In fact, this commitment has been passed on to my engineering team as a technical requirement for TAMPS 7.0 which is the next major software release.  Enclosure (4) details the TAMPS transition plan for the use of Ada should TAMPS be granted an Ada waiver.



4.  Naval Air Warfare Center Weapons Division (NAWCWPN) Pt. Mugu is the Systems Integrator and Software Support Activity responsible for developing and maintaining TAMPS 6.0 software.  The TAMPS point of contact is Mr. Richard Vickers, PMA-233E2, at 604-6240 ext. 2850.





							Ted Spilman

							By direction

�Executive Summary

Descriptions of the Capabilities Needed

The Tactical Automated Mission Planning System (TAMPS), an ACAT IVT program, is a computer workstation used to plan military missions within the Department of Defense (DoD).  Navy and Marine Corps aviators operating in dynamically threatening military environments depend on TAMPS to process missions for fixed and rotary wing aircraft, standoff weapons, avionics, and unmanned aerial vehicles. By forecasting the probability of a successful mission, TAMPS minimizes aircrew and weapon system attrition. TAMPS development is governed by Operational Requirement Document (ORD) number 362-06-94 which describes TAMPS as an ìevolutionary acquisitionî program which, through incremental hardware and software upgrades, will provide enhanced capability for individual unit and force level planning and preparation.  In recognition of the significant economic and operational benefits resulting from the use of a single common planning tool, the CNO has determined that all Department of the Navy aviation planning and mission data upload requirements should be meet by one common system, TAMPS.

TAMPS is required to rapidly process and/or store large quantities of data - aircraft performance, environmental, imagery, terrain, threat, and weapon system performance.  TAMPS displays air routes and check points in space as well as horizontal and vertical views of planned routes.  TAMPS is also required to download mission data to electronic data transfer devices and print cockpit quality colored strip charts.

The purpose of TAMPS 6.0 was to address system problems reported during Operation Desert Storm.  Namely, the fleet had expressed a need for a) C3I connectivity with other mission support systems, b) a more responsive data base management system, and c) a user friendly graphical interface.  TAMPS 6.1 and TAMPS 6.2 are minor maintenance releases of TAMPS 6.0.

Rationales and Justification for C/C++

Cost

Three candidate options were identified for a tradeoff analysis of the economic impacts of language selection on TAMPS 6.2:

Option A - Continue Development in C/C++:  Continue the development of TAMPS as planned in C/C++.

Option B - All New/Modified Code Developed in Ada: From this point forward, all new and/or modified code will be developed in Ada.  Existing unmodified code will not be converted to Ada.  Ada bindings will be created as required to interface with existing non-Ada code.

Option C - Complete Conversion of all Code to Ada: Convert all existing TAMPS code to Ada. All new or modified code will be in Ada.

The results of the economic impact analysis for each option are summarized in Table I.  The Total Life Cycle Cost for each option includes the TAMPS 6.2 Development Cost, any Ada Conversion Cost, and five years of Post Deployment Software Support (PDSS) Costs.  Option A, continue development in C/C++, is the most cost effective option with a savings of over $3.2 M over Option B and $55.3 M over Option C.



Table I:  Language Selection Trade-Off Results

�Option A

Continue in C/C++�Option B

New/Mod Code in Ada�Option C

Conversion to Ada��Development Cost�$4,980 K�$4,852 K�$4,852��Ada Conversion Cost�-�$3,001 K�$67,971 K��PDSS Cost�$31,350 K�$31,685 K�$18,838 K��Total Life Cycle Cost�$36,329 K�$39,539 K�$91,662 K��Savings (Relative to A)�-�$3,210 K�$55,333 K��Schedule Performance

TAMPS 6.2 is scheduled for Fleet Release in May 1998.  TAMPS generates mission data for a variety of aircraft and weapons.  Many of the improvements in TAMPS 6.2 are required to support operational evaluations and/or Fleet release of these systems or their associated Operational Flight Programs (OFPs).   Selection of Option B will delay Fleet Release of TAMPS by a minimum of 10 months, and selection of Option C will delay it by years.  This delay will have unacceptable operational and developmental (cost and schedule) impacts on a large number of aircraft and weapon systems.  Examples of these impacts include: 

F/A-18 Mission Planning Module (MPM) support of OFPs 13C and 13E

Cobra MPM support for AH-1W OFP 1.1 Release

TAMMAC functions to support AH-1W, UH-1, AV-8B, and V-22

ATARS RECCE capability for the F/A-18 MPM

JSOW MPM to support OT-IIA phase 2 Testing with F/A-18 MPM for 13C OFP

SLAM-ER MPM support for OPEVAL

F/A-18 OFP 13C and JDAM MPM support in OPEVAL.

Reuse Potential

TAMPS 6.0 integrated the TAMPS 5.X functionality into the UNIX-based, open system architecture framework developed for TERPES.  By utilizing the TERPES software architecture as its core baseline or shell, TAMPS added functionality to produce a common operating environment core that can be used to provide a full range of mission planning capabilities to support the development of aircraft/weapon systems unique MPMs.  Also to move a step closer to software portability, TAMPS 6.0 uses Sybase (SQL) as its Relational Database Management System.  New and modified code developed for TAMPS 6.2 will continue to be reused in any subsequent 6.x maintenance releases.

Portability

The TAMPS system, which has been developed in an open system architecture may be ported to a large number of COTS hardware systems.

Risk

Because of the mature TAMPS software process, Option A has the least risk of all approaches considered.  There is significant schedule risk associated with Option B; TAMPS 6.2 will not be able to meet its current schedule if the software must be developed in Ada.  The minimum 10 month schedule slip imposed by Option B will in turn cause a delay to other programs such as the F/A-18, SLAR-ER, JDAM, and JSOW.

Description of the Proposed System

The proposed TAMPS 6.2 system will be developed by making software maintenance updates to the existing TAMPS 6.1 software.  The language of the software will remain C/C++.  

Hardware

To maintain commonality with other DoN systems, TAMPS computer hardware is procured using the Navy standard computer contract for DTC-2/TAC-3 workstations.  TAMPS has currently fielded over 180 workstations at 65 sites, including every deployed aircraft carrier and aviation Weapon Schools, several amphibious ships and most aviation support facilities throughout the world.  TAMPS 6.x software is required to operate on both the Navy Standard DTC-2 and TAC-3 hardware platforms as well as the ACE VME.

Software

The TAMPS software architecture consists of a ìCoreî and Mission Planning Modules (MPMs) for specific aircraft and weapon systems.  The TAMPS Core consists of Solaris 2.3 and HP-UX 9.01 UNIX Operating Systems, Sybase RDBMS, MOTIF 1.2.2, and other COTS software utilities and tools.  Additionally, the TAMPS Core consists of a number of tools which support mission planning such as threat analysis tools, mapping, radar terrain masking, and weapon and sensor employment planning.

Firmware

TAMPS has no firmware.

Justification and Rationale for Selecting the Proposed System

History

Prior to initiating the TAMPS 6.0 software development effort, a technical assessment was done on the existing TAMPS 5.X software architecture developed by McDonnell-Douglas.  The assessment concluded that the TAMPS 5.X architecture (which is predominately a combination of FORTRAN, Ada, and C) was fragile and not robust enough to accommodate system software changes without sufficient cost.  This prediction was evidenced in the TAMPS 5.1 development for GPS Flight Planning capabilities where the estimated cost was as high as $5.3 Million.

Directly related to the cost of adding functions to the TAMPS 5.X architecture was the amount of time, or schedule, associated with delivering a product.  One would naturally expect a relatively short development cycle to plug in new applications to an existing architecture.  But due to the fragile nature of the software architecture, this was not the case.  So after a series of group decision-making sessions from July to September 1992, the decision was made to correct TAMPS Desert Storm problems by re-architecting the same TAMPS 5.X functional and performance requirements into a more open systems environment used by the Marine Corps AN/TSQ-90D, Tactical Electronic Reconnaissance Processing and Evaluation System (TERPES), written in the "C" programming language.  Results of the decision-making sessions have been published in the Final Report TAMPS/COMPASS Program Plan Decisions.

Cost Effectiveness

As depicted in Table I above, Option A, continued development in C/C++, is the most cost effective option with a savings of $3.2 M over Option B, all new/modified code developed in Ada.  Additionally, selection of Option B will delay Fleet Release of TAMPS 6.2 by a minimum of 10 months which will have operational and developmental (cost and schedule) impacts on a large number of aircraft and weapon systems.

Planned Transition to Ada

Finally, it is anticipated that less than 30% of TAMPS 6.0 Core code will be modified over the next 5 years.  Moreover, software modifications will be in direct support of other MPMs to aid them in the support of DoN weapon systems (i.e. Stores Planning , F/A-18, HARM, E2-C, JTIDS, GPS, JSOW, ARC-210, F-14, etc.).  The next major upgrade to TAMPS will be software release 7.0.  At TAMPS 7.0, TAMPS intends to transition its software components to Ada where cost effective.

��System/Project Descriptions

Details of the Proposed System

Acquisition and Contracting Status

TAMPS is an ACAT IVT program.  TAMPS is at the post Milestone III stage of its acquisition cycle. It reached initial operational capability in December 1986.

NAWC Weapons Division, Point Mugu, California is systems integrator for TAMPS 6.x software.  NAWCWPNS, Point Mugu uses omnibus contracts to procure the necessary Federal Information Processing  (FIP) resources (i.e. hardware, software, services, and support services) to develop and integrate TAMPS 6.x software.  Instead of one prime contractor who subsequently subcontracts with multiple sub vendors, TAMPS 6.x contracts are managed by NAWCWPNS, Point Mugu who contracts directly with various contractors for specific FIP and software components/functions. This strategy fosters open competition among software development vendors while ensuring the fleet user of TAMPS gets the best system possible.  To date TAMPS 6.0 has procured FIP from 11 different software vendors.

On April 29, 1994, NISMC assisted the TAMPS 6.0 effort by securing a Delegation of Procurement Authority (DPA) from the General Services Administration (GSA).  The DPA is for an Agency Procurement Request so that NAWCWPNS, Point Mugu, CA can continue to acquire TAMPS 6.x FIP resources.

Description of Host and Target Hardware/Software/Firmware

TAMPS 6.x is developed on Sun Microsystems SPARC-10 workstations.  The target or operational hardware for TAMPS 6.x are the DTC-2 (Sun) and the TAC-3 (Hewlett-Packard) Navy standard computers, and the ACE VME.  Software development tools for TAMPS 6.x include the following software products.

	Solaris 2.3			Operating System

	Motif				Graphical User Interface (GUI)

	Sybase SQL Server		Relational Database Management System (RDBMS)

	Sybase Open Client-C		RDBMS

	Sybase Open Client-Ada		RDBMS

	Megatak Graphics Driver		Graphics

	X-Windows			GUI

	Purify				Development Tool Kit

	Builders Xcessory		GUI

	Mercury X-Runner		Testing

	C Compiler			Application

	Ada Compiler			Application (Sun Microsystems)



TAMPS 6.x software consists of core mission planning software and application/mission planning module (MPM) software.  An MPM is a separate executable file consisting of a sequence of "C" (or Ada Binding) and SQL functions.  Function calls are made to core TAMPS which maintains a library of functional commands to implement mission planning services.  PMA-233 is responsible for core TAMPS software.  The weapon system Program Manager is responsible for his own mission planning module.  In this arrangement,  PMA-233 ensures that the functional requirements necessary to provide mission planning services to a given weapon system module is indeed supported by the TAMPS core software.  Any unique software functionality required by a given application module exists inside of the mission planning module.  The MPM program manager is responsible for deciding which contractor develops his MPM.

The TAMPS 6.x core software is written in the C and C++ programming languages.  The core also uses commercial-off-the-shelf (COTS) products such as the Sybase Relational Database Management System.  For the COTS used on TAMPS 6.x, PMA-233 has purchased the requisite development and run-time software license.  TAMPS will not maintain any of the COTS software running within TAMPS 6.x.  TAMPS 6.x contains Ada bindings to provide mission planning services to any MPM written in the Ada programming language.  The HARM MPM (owned by PMA-242) is the only TAMPS 6.x module written in Ada.  The source lines of code in TAMPS 6.1 is summarized in the following table.

Language�SLOC��ANSI C�1,934,453��C++�10,701��FORTRAN�31,920��Ada*�253,090��Total�2,230,164��

TAMPS 6.2 is currently under development and is nearing completion of the requirements analysis phase.  The initial estimate of the number of Source Lines of Code (SLOC) required to implement TAMPS 6.2 is as follows:



Code Category�Estimated SLOC��New Code�68 K��Modified Code�14 K��Adapted/Reused Code�53 K��

��Economic Analysis

Cost and Benefit Analysis: Option Candidates

Three candidate options have been identified for a tradeoff analysis of the economic impacts of language selection on TAMPS:

Option A: Continue Development in C/C++

Continue the development of TAMPS as planned in C/C++.

Option B: All New/Modified Code Developed in Ada

From this point forward, all new and/or modified code will be developed in Ada.  Existing unmodified code will not be converted to Ada.  Ada bindings will be created as required to interface with existing non-Ada code.

Option C: Complete Conversion of all Code to Ada

Convert all existing TAMPS code to Ada. All new or modified code will be in Ada.

Model Assumptions

REVIC 9.2 was used to estimate the life cycle cost of each option.  The following assumptions were made:

Labor Cost $71/Hour 

Hours per MM

line of C/C++ will translate into 1.21 Lines of Ada [Uhde 96]

Analyst Capability	HI

Programmer Capability	HI

Applications Experience	HI

Virtual Machine Experience	HI

Prog. Lang Experience(C/C++)	VH

Prog. Lang Experience(Ada)	LO

Execution Time Constraint	LO

Main Storage Constraint	VL

Virt. Machine Volatility	VL

Computer Turnaround Time	VL

Requirements Volatility	NM

Product Reliability	HI

Data Base Size	VH

Product Complexity	HI

Required Reuse	NM

Modern Programming Practices	HI

Use Of S/W Tools	HI

Required Security	CL

Platform	LO

Required Schedule	NM

The life span of TAMPS 6.x is less than 7 years, and requires 5 years of PDSS.

Annual PDSS Change Rate is 4%

Ada Programming Language Experience increases to HI during PDSS

�REVIC Model Results

The detailed results of the REVIC model runs made on the various options are as follows:

�



Trade-Off Results Summary

The results of the REVIC Model runs are summarized below:

Option�LCC�Delta Cost��A�$36.3 M�-��B�$39.5 M�$3.2 M��C�$91.7 M�$55.4 M��

Option A, continued development in C/C++, is the most cost effective over the life of TAMPS.



��Transition Plan

Future Plans for Moving to Ada if waiver is approved

PMA-233 intends to convert the TAMPS core software to Ada with the release of TAMPS 7.0.  TAMPS 7.0 is scheduled for a FY00 Beta release.  Should a TAMPS 6.x Ada waiver be granted, PMA-233 plans to conduct an Ada Transition Engineering and Programmatic Study to assess the cost impact of converting the TAMPS 6.x software product baseline to Ada.  Along with cost other applicable factors to be investigated include language features, compilers, development environments, bindings, training, education, schedules, personnel, and hardware.  Provided sponsor funding exists for this activity, the TAMPS Ada Transition Study will be conducted in the FY97-98 timeframe.

As TAMPS 6.1 (FY 97) release and TAMPS 6.2 (FY98) release will support weapon system MPMs with long software development lead times, the TAMPS Ada Transition Study will include the impact of converting to Ada relative to these MPMs.  This is extremely important because MPMs require a stable core software baseline to which an MPM can be developed, and the conversion to Ada is bound to affect the manner in which core TAMPS software interacts with MPM software.  With NISMC's assistance, the TAMPS Ada Transition Study must also address the expectation from MPM programs relative to transitioning to Ada.

Language Features

TAMPS intends to make full use of all of Ada95 features especially object oriented programming.

Compilers

Compiler selection will be addressed in the TAMPS Ada Transition Engineering and Programmatic Study.

Environments

Software Engineering Environment changes will be addressed in the TAMPS Ada Transition Engineering and Programmatic Study.

Bindings

Addition Ada binding requirements will be addressed in the TAMPS 2000 Architecture Study and in the TAMPS Ada Transition Engineering and Programmatic Study.

Training

Training requirements will be addressed in the TAMPS Ada Transition Engineering and Programmatic Study.

Education

Education requirements be addressed in the TAMPS Ada Transition Engineering and Programmatic Study.

Schedules

TAMPS schedule impacts will be addressed in the TAMPS 2000 Architecture Study and in the TAMPS Ada Transition Engineering and Programmatic Study.

Personnel

Personnel requirements will be addressed in the TAMPS 2000 Architecture Study and in the TAMPS Ada Transition Engineering and Programmatic Study.

Cost

Detailed cost impacts will be addressed in the TAMPS 2000 Architecture Study and in the TAMPS Ada Transition Engineering and Programmatic Study.  Preliminary estimates are $500,000 for training and $400,000 for compiler, libraries, and other tools to support the transition to Ada. 

Hardware

No impact to the TAMPS developmental or deployed hardware is expected.

��Risk Analysis

Schedule

Because of the mature TAMPS software process, Option A has the least risk of all approaches considered.  There is significant schedule risk associated with Option B; TAMPS 6.2 will not be able to meet its current schedule if the software must be developed in Ada.  The minimum 10 month schedule slip imposed by Option B will in turn cause a delay to other programs such as the F/A-18, SLAR-ER, JDAM, and JSOW.

Performance

No performance risk has been identified with the C/C++ or Ada Options.

Security

No security risk items have been identified with the C/C++ or Ada Options

��Statement of Maintenance 

Identify the responsible Maintenance Activity

Naval Air Warfare Center Weapons Division (NAWCWPNS), Point Mugu, California has been designated as the software support activity for TAMPS 6.0.  An in-house mission planning integration/software support laboratory exists at NAWCWPNS, Point Mugu where software maintenance capabilities exists.  It is anticipated that most of the software maintenance will be performed by the software development contractor which developed the baselined software component.  The integration of any modified software component will be performed at NAWCWPNS, Point Mugu.
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