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Focus Area Collaborative Team (FACT) Orientation:

The objective of this project is to produce an object oriented maintenance model capable of modeling future force (FF) dynamic sustainment.  This model will increase logistic situational awareness (SA) and improve the common operating picture (COP) when linked to F-o-F combat models.  
This project supports the following LOG FACT Critical Research Areas:

· Development of accurate representations of logistics C3 processes and communications traffic that could be used in modeling and simulation. 
· Resupply major end-items after catastrophic/combat loss. 
· Develop damage algorithms that relate system’s usage with reliability and availability.  
Project Objective:  
The objective of this project is to produce an object oriented maintenance model that can be run either as a stand-alone model or as a dynamic sustainment module linked to an entity level combat simulation such as COMBAT XXI or OOS, that captures the OPTEMPO of the blue forces based on the scenario, provides for reliability aborts, and performs dynamic recovery and repair operations in the same manner as the FCS Milestone B update.  Results from high-resolution simulations using this module could also feed low-resolution simulations or simulation federations.

The maintenance model would be better linked with events in the combat model than maintenance models/modules have been in the past.  This would include: reliability failures tied to the operating tempo; distance between CRTs and dead-lined vehicles based on actual locations in the simulation; combat damage to CRT vehicles and mechanics dynamically represented in the combat model; level of combat damage of major blue systems, and level of repair needed, based on the Army Research Laboratory (ARL) shot-line data; delays dynamically represented for systems which have been repaired, but whose unit has moved to a new location.

The model would better represent command and control and priority of repair than previous maintenance models/modules.  This would include: prioritizing which systems are repaired if the maintenance workload exceeds capacity, perhaps based on minimizing a penalty function; deciding which path CRTs would travel to dead-lined systems; deciding when to send CRTs if there is a fire fight between CRTs and the dead-lined systems. 

Background:

The maintenance analyses for the FCS Milestone B Analysis of Alternatives (MS B AoA), FCS Key Performance Parameter (KPP), and FCS MS B AoA Update have used an Arena-based queuing model and Microsoft Excel spreadsheets to represent reliability failures and the maintenance system which returns systems to duty.  This is a cumbersome, time-consuming approach that only indirectly represents “dynamic” sustainment.  Typically, there is insufficient time to run this process iteratively so the SoSAM-based availability “curves” or tables are predicated on previous combat modeling which might not adequately reflect the operating tempo, combat losses, etc., of the new scenario.

The  FCS MS B AoA Vector in Commander (VIC) modeling approach was: 1) combat modelers from TRAC provide AMSAA with operating tempo data (distance traveled, hours operated, rounds fired) from previous modeling which best reflects the proposed scenario; 2) AMSAA adjusts reliability estimates to reflect the operating tempo, and adjusts other scenario specific data; 3) AMSAA runs the System of Systems Availability Model (SoSAM), with the adjusted input, for the first combat pulse, and sends the results to TRAC-LEE (i.e., number of system aborts, and availability level snapshots for each 4-hour interval); 4) TRAC-LEE calculates the number of systems returned to duty during the 1st logistics pause, e.g., a Sustainment Replenishment Operation (SRO) or a Mission Staging Operation (MSO), and sends the results back to AMSAA; 5) this process continues between AMSAA and TRAC-LEE for each additional combat pulse and logistics pause; 6) at the last combat pulse or logistics pause, TRAC-LEE re-formats the data for the combat model and sends the results to TRAC-FLVN; 7) TRAC-FLVN updates availability levels in VIC after each four-hour interval, based on the SoSAM results.  

Products/Deliverables:

· An object oriented dynamic sustainment model that captures OPTEMPO data, generates reliability failures, represents combat damage based on the ARL shot-line data, supports dynamic recovery and repair operations, represents C2 of maintenance systems including priority of repair, and interfaces with combat models.

· Implementation of the dynamic sustainment model as a stand-alone tool.

· A standard interface between the dynamic sustainment model and combat models.

· Demonstration of the dynamic sustainment model as a module linked to a combat simulation (i.e., COMBAT_XXI).

· A technical report documenting the dynamic sustainment model and describing the implementation.

Project Funding:

TRAC-Monterey   FY05 OMA  
$225K

TRAC-LEE           FY05 OMA 
    20K


TRAC-WSMR      FY05 OMA  
    15K

AMSAA
      FY05 OMA
    15K

CASCOM             FY05 OMA
    15K

Total: 



      
$290K
Technical Approach:

Requirements Analysis.  Examine and describe the AMSAA and TRAC-LEE models to determine data requirements, algorithms and outputs. Examine COMBAT_XXI and other selected combat models (e.g., CASTFOREM, OOS, VIC and AWARS) to determine how these models will provide dynamic OPTEMPO data and other required inputs. Describe the generation of reliability failures and the structure of sustainment systems in process trace/flow diagrams. Document the dynamic sustainment model requirements resulting from this analysis. Provide the requirements analysis documentation to TRAC, AMSAA, COSCOM, and other interested parties for review.

Preliminary Design.  Design the dynamic sustainment model using an object oriented representation of classes (data and methods), class relationships (hierarchy and association), and runtime processes. Document this design with UML diagrams or similar approaches. Provide this to TRAC, AMSAA, COSCOM, and other interested parties for review. The design will evolve as the model is implemented.

Rapid Prototyping & Implementation.  Implement a working dynamic sustainment model prototype by generating the code skeleton from the UML design and stubbing out methods with simple notional returns to ensure that the complete design can be implemented and has the correct organization and architecture.  Identify, prioritize and implement stand-alone capabilities replicating the capabilities from the legacy models identified in the requirements analysis. Implement features to support dynamic capabilities identified during requirements analysis and described in the preliminary design.

Testing, Verification and Validation (V&V).  Verification is concurrent with design and implementation. Verify implementation of legacy capabilities using historical data and results from legacy models. Verify new capabilities using data and expected results provided by SME. Implement a simple, but comprehensive test harness to verify dynamic capabilities. The dynamic sustainment test harness will emulate the combat model interface with the dynamic sustainment model by providing OPTEMPO data and other inputs and by accepting dynamic sustainment model outputs. The dynamic sustainment test harness will facilitate rapid testing and implementation of dynamic capabilities and will clearly define the dynamic sustainment model interface with the combat model. Furthermore, the dynamic sustainment test harness ensures that the interface is not customized for that single combat model selected for testing. Validate the system using SME judgment during demonstrations.

Combat Model Integration.  Integrate the dynamic sustainment model with COMBAT_XXI. The dynamic sustainment test harness serves as a generic interface to the combat model. Identify COMBAT_XXI specific requirements and extend or replace generic implementations with COMBAT_XXI specific implementations. Each subsequent use of the dynamic sustainment model will require implementation of a custom interface with the combat model. Implementation requirements and model capabilities will vary by combat model. However, by (1) designing and implementing the dynamic sustainment model with a generic interface, by (2) isolating custom aspects of the model to the combat model interface, and by (3) anticipating integration with legacy and future models the level of effort to customize the interface and maintain the model is greatly reduced.

Test & Demonstration.  Demonstrate the stand-alone capabilities with SME provided data. Demonstrate the dynamic sustainment capabilities with the test harness and with selected COMBAT_XXI scenarios. Each demonstration will include testing and identification of defects, if any exist, which must be corrected before the model is deemed acceptable. The criteria for acceptance will be defined during requirements analysis and refined as agreed upon by the developers and SMEs.

Milestones:

1 Dec 04 
Funding; Project Kick Off Meeting.

15 Jan 05 
Requirements Analysis Complete.

15 Feb 05 
Preliminary Design Complete.

1 Mar 05 
Design Review & Design Correction Complete.

30 Mar 05 
Rapid Prototype Complete.

1 May 05 
Prototype Stand-Alone Capabilities Complete.

1 Jun 05
Stand-Alone Capabilities Test & Demonstration.

1 Jul 05
Dynamic Test Harness Complete.

15 Aug 05 
Dynamic Capabilities Complete.

1 Sep 05 
Dynamic Capabilities Test & Demonstration.

1 Oct 05
Combat Model Integration Complete.

15 Oct 05 
Combat Model Test & Demonstration. 

1 Dec 05 
Technical Report Complete.

(Note: Assumes funding by 1 Dec 04.)

Exit Criteria:

Each demonstration will feature testing and validation. SMEs will identify defects that must be corrected before the model is deemed acceptable. The criteria for acceptance will be defined during requirements analysis and refined as agreed upon by the developers and SMEs. The testing will ensure, to the satisfaction of the SMEs, that:

· The model captures the OPTEMPO of the blue forces for a selected set of scenarios and generates reliability failures at least to the level represented in the FCS MS B AoA Update.

· The model represents combat damage based on ARL shot-line data.

· The model performs dynamic recovery and repair operations to at least the level represented in the FCS Milestone B update.

· The model represents command and control of the maintenance system, and priority of repair. 

· The model interfaces properly with the combat model.

Risk/Return:

This project has low to moderate risk with high return. Implementation of the stand-alone portion of the model is very low risk with moderate return. The algorithms and data are implemented in the SoSAM Arena model and the TRAC-Lee Excel spreadsheets. Implementation of the dynamic portion of the sustainment model is also low risk. COSCOM and TRAC-Lee understand the requirements well. The COMBAT_XXI interface is low to moderate risk. TRAC-WSMR is the COMBAT_XXI developer and TRAC-Monterey has experience with COMBAT_XXI projects. The generic combat model interface is moderate risk. It may be difficult to adapt the interface for future and legacy models beyond COMBAT_XXI. The schedule is aggressive, but presents only moderate risks. The NPS and Rolands and Associates contractors have a proven record and TRAC-Monterey has extensive experience leading projects with these contractors.
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