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Abstract Review

Improved Cost and Technical Data Collection for Government Contractors
Audience feedback during the 2017 ICEAA Workshop “Lessons Learned in Leveraging 
Historical Cost, Schedule and Technical Data” suggested applying standardized CARD 
(Cost Analysis Requirements Description) structure to the presented data collection 
process.  

Thanks to Audience members who provided feedback and insight so that OEM 
(Original Equipment Manufacturers)/Contractors can leverage existing government 
processes for data collection.

This paper provides lessons learned from adopting this enhanced approach to a large 
scale program.  We show how contractors can leverage government standard process to 
improve their internal data collection and gain new insights on cost trends beyond model 
calibration.

We’ve expanded our lessons learned providing real world insight to better collect, 
analyze and apply historical data to future estimates … but let’s hear from you too! 

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com
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Contractors increasingly have the same motivation as our 
government customers to collect, analyze and apply historical 
program data …

… However, even OEM (Original Equipment Manufacturers) 
Contractors have limited views of all the costs associated with their 
own past programs due to increased outsourcing to second and third 
tier suppliers as well as GFE content

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com
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Cost Analysis Requirements Description (CARD)
According to the Defense Acquisition University (DAU), the CARD contains “…a description 
of the salient features of the acquisition program and of the system itself…” including 
“description of the technical and programmatic features of the program”. 

We found that the CARD data, while there is some overlap with our current process, adds 
significant additional information that would also be useful to the contractor developing 
estimates of their own systems.

1.1. System Characterization
Guidance: This section discusses the basic attributes of the system -- its configuration, the missions it will perform and 

threats it will counter, its relationship to other systems, and the major factors that will influence its cost.  The 
presentation should be structured as follows:

1.1.1. System Description
Guidance: This paragraph provides a general description of the system, including the functions it will perform and key 

performance parameters.  The parameters should be those most often used by cost estimators to predict system 
cost.  Examples of key system characteristics and performance parameters are provided in Enclosure 2.  

1.1.1.1. System Diagram.
Guidance: Include a diagram or picture of the system, with the major parts and subsystems appropriately labeled.
1.1.2. System Functional Relationships. 
1.1.3. System Configuration. 
1.1.4. Government-Furnished Equipment and Property. 
1.2. System Characteristics. 
1.2.1. System Performance Parameters and Characteristics.
1.2.1.1. Technical and Physical Description. 
1.2.1.1.1. Physical Design Parameters. 
1.2.2. Software Description. 
: : : : 

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com
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System Overview

System Characterization

Guidance: This section discusses the basic attributes of the system -- its configuration, the missions it will perform and threats it will counter, its relationship to other systems, and the major factors that will influence its cost.  The presentation should be structured as follows:

System Description

Guidance: This paragraph provides a general description of the system, including the functions it will perform and key performance parameters.  The parameters should be those most often used by cost estimators to predict system cost.  Examples of key system characteristics and performance parameters are provided in Enclosure 2.  

System Diagram.

Guidance: Include a diagram or picture of the system, with the major parts and subsystems appropriately labeled.

System Functional Relationships. 

Guidance: This paragraph describes the "top-level" functional and physical relationships among the subsystems within the system (System A). The paragraph also describes System A's relationship to other systems. 

System Configuration. 

Guidance: Configure a table that identifies the equipment (hardware and software) work breakdown structure (WBS) for the system.  If there is an approved CCDR Plan for the system, the WBS in the Plan should be the basis for the WBS presented here. If the CCDR Plan has not yet been approved, then the WBS contained in the CCDR Plan submitted to the OSD CAIG (or, if the program is an ACAT II, Ill, or IV program, the designated Service CCDR focal point) should be the basis for the WBS included here. Any differences between the WBS presented in this section and the WBS in the CCDR Plan should be identified and explained. 

Government-Furnished Equipment and Property. 

Click here to enter table and text.

Guidance: Construct a table that identifies the subsystems that will be furnished by the Government and included in the life-cycle cost estimates for the system. Any Government-furnished commercial off-the-shelf (COTS) software should be addressed in the discussion. Where Government-furnished equipment or property is common to other weapon systems, the text should identify how the costs will be accounted for. 

System Characteristics. 

System Performance Parameters and Characteristics.

Click here to enter text.

Guidance: This section provides a technical description of the hardware, software, and human characteristics of the system. It is divided into the following sub-elements:

Technical and Physical Description. 

Click here to enter table(s) and text.

Guidance: Describe the physical design parameters of the system. Provide a separate discussion for each equipment (hardware and software) work breakdown structure (WBS) item. 

Physical Design Parameters.  

Click here to enter table and text.

Guidance: Physical design parameters should include performance, operational (including system design life), and material (weight and material composition) characteristics. The planned sequence of changes in weight, performance, or operational characteristics that are expected to occur or have historically occurred as the program progresses through the acquisition and operating phases -- demonstration and validation (DEM/VAL), engineering and manufacturing development (EMD), production, and operation and support (O&S) -- should be noted here. These parameters should be reconciled with the system requirements in the Operational Requirements Document (ORD) (reference (b) to show that the system is being consistently and realistically defined. 

Software Description. 

Click here to enter table(s) and text.

Guidance: Insert a table to describe the software resources associated with the system. Distinguish among operational, application, and support software and identify which items must be developed and which can be acquired off-the-shelf. This applies to all systems that use computer and software resources. A DoD Form 2630 should be attached to the CARD submission providing more information on the factors that will influence software development and maintenance costs. Use of this form is not mandatory if the same information can be provided in the table. Additionally, this information should be tailored to satisfy specific software model requirements. Definitions of the terms used in DD Form 2630 are in Enclosure 4.

Human Performance Engineering (HPE).

HPE Documentation.

Click here to enter text.

Guidance: Reference applicable documents (i.e., MIL-STD-1472G). 

HPE Characteristics.

Click here to enter text.

 Guidance: Identify any special or unique human performance and engineering characteristics (i.e., constraints on allocation of functions to personnel and communication, and personnel and equipment interactions).

HPE Cost/Cost Risks.

Click here to enter text.

Guidance: Extract appropriate sections from the Human Systems Integration (HSI) Plan (required by DoD Instruction 5000.02, Enclosure 8) which concern cost or address cost risks, if available.

System Safety.

Click here to enter text.

Guidance: This paragraph references applicable documents (e.g., MIL-STD-882B (reference (d)), MIL-STD-454M (reference (e)), etc.) and identifies any special or unique system safety considerations (e.g., "fail safe" design, automatic safety, explosive safety needs, etc.).

System Survivability. 

Click here to enter text.

Guidance: This paragraph discusses the survivability capabilities and features of the system. It describes the environments (e.g., nuclear, chemical, biological, fire, etc.) in which the system will be expected to operate, and identifies any unique materials incorporated in the system's design that contribute to its survivability.

1.2.5. x. Subsystem Description. 

Guidance: This series of paragraphs (repeated for each subsystem) describes the major equipment (hardware/software) WBS components of the system.

1.2.5.x.0.1. Major Equipment WBS Components.

Click here to enter table and text.

 Guidance:  For each system, describe the major equipment (hardware/software) WBS components of the system.

1.2.5.x.0.2. Off-the-Shelf  Items.

Click here to enter table and text.

Guidance: For each system, describe the major equipment items that are off-the-shelf.

1.2.5.x.0.3. Technical Issues.

Click here to enter text.

Guidance: For each system, discuss the technical issues associated with development and production of individual subsystems.

1.2.5.x.0.4. Risk Issues.

Click here to enter text.

Guidance: For each system, discuss the risk issues associated with development and production of individual subsystems.

1.2.5.x.1.Functional and Performance Description.  

1.2.5.x.1.1. Functional Description.

Click here to enter table(s) and text.

Guidance: This subparagraph identifies the function(s) the (...x...) subsystem is to perform. 

1.2.5.x.1.2. Performance Description.

Click here to enter text.

Guidance: Describe the associated performance characteristics. 

1.2.5.x.1.3. Firmware Development.

Click here to enter text.

Guidance: List any firmware to be developed for data processing equipment.

1.2.5.x.2.  Environmental Conditions. 

1.2.5.x.2.1. Expected Environmental Conditions.

Click here to enter text.

Guidance: This subparagraph identifies the environmental conditions expected to be encountered during development, production, transportation, storage, and operation of the subsystem.

1.2.5.x.2.2. Hazardous, Toxic, or Radiological Materials.

Click here to enter text.

Guidance: Identify any hazardous, toxic, or radiological materials that may be encountered or generated during the subsystem's development, manufacture, transportation, storage, operation, and disposal. The quantities of each hazardous material used or generated over the subsystem's lifetime should be estimated based on the most current operations and maintenance concepts.

1.2.5.x.2.3. Evaluation Methodology.

Click here to enter text.

Guidance: Describe the evaluation methodology for environmentally acceptable alternatives as well as the rationale for selection of alternatives.

1.2.5.x.2.4.  Alternatives Considered and Reasons for Rejection.

Click here to enter text.

Guidance: Identify the alternatives considered, and reasons for rejection. 

1.2.5.x.3.  Material, Processes, and Parts.

1.2.5.x.3.1. Materials.

Click here to enter table(s) and text.

Guidance: This subparagraph describes the materials entailed in the development and fabrication of the subsystem. The discussion should identify the respective amount of each material to be used (e.g., aluminum, steel, etc.).

1.2.5.x.3.2. Processes.

Click here to enter text.

Guidance: This subparagraph describes the processes entailed in the development and fabrication of the subsystem.

1.2.5.x.3.3. Parts.

Click here to enter text.

Guidance: Identify any standard or commercial parts, or parts for which qualified products lists have been established.

1.2.5.x.4.  Workmanship. 

1.2.5.x.4.1. Manufacturing.

Click here to enter text.

Guidance: This subparagraph describes any specific workmanship-related manufacturing pertaining to the subsystem.  

1.2.5.x.4.2. Production Techniques.

Click here to enter text.

Guidance: This subparagraph describes any specific workmanship-related production techniques pertaining to the subsystem.  

1.2.5. x.5.  Commonality. 

Click here to enter text.

Guidance: This subparagraph identifies software that is analogous or interchangeable among sub-elements.

1.2.6. x.  Software Sub-elements. 

Click here to enter text.

Guidance: This set of paragraphs (repeated for each software sub-element) describes the design and intended uses of system software.

1.2.6. x.1.  Host Computer Hardware Description. 

Click here to enter text.

Guidance: This subparagraph describes the host computer system on which the software sub-element will be operating. This host system should be readily identifiable in the WBS given in paragraph 1.1.3. above.

1.2.6. x.2.  Programming Description.

Click here to enter text.

Guidance: This subparagraph identifies programming requirements that will influence the development and cost of the software sub-element. The discussion should address the programming language and programming support environment (including standard tools and modem programming practices) and the compiler(s) and/or assembler(s) to be used.

1.2.6. x.3.  Design and Coding Constraints. 

Click here to enter text.

Guidance: This subparagraph describes the design and coding constraints under which the software will be developed (i.e., protocols, standards, etc.). 

1.2.6. x.4. Commonality.   

Click here to enter text.

Guidance: Equipment that is analogous or interchangeable among sub-systems should be identified here. Commonality with subsystems of other weapon systems, or with variants of the basic system, should be identified. Breakouts, by weight, of common and system-specific components should be provided, if applicable.

System Quality Factors. 

Click here to enter text.

Guidance: This section identifies key system quality characteristics.  System operational availability (Ao) and the flow down of reliability, availability and maintainability (RAM) requirements should be addressed as follows:

Reliability. 

Click here to enter table and text.

Guidance: Construct a table to define system reliability goals in quantitative terms, and define the conditions under which the goals are to be met. 

Maintainability.

Click here to enter table(s) and text.

Guidance: This paragraph focuses on maintainability characteristics. Construct a table(s) to identify the planned maintenance and support concept in the following quantitative terms: 
System maintenance man-hours per operating hour, maintenance man-hours per operating hour by major component part of the system, operational ready rate, and frequency of preventative maintenance;
Maintenance man-hours per overhaul;
System mean and maximum down time, reaction time, turnaround time, mean and maximum time to repair, and mean time between maintenance actions;
Number of people required and the associated skill levels at the unit maintenance level;
Maximum effort required to locate and fix a failure; and
Specialized support equipment requirements.

Availability. 

Click here to enter table and text.

Guidance: Construct a table to define, in quantitative terms, the availability goals for specific missions of the system. It should identify the percentage of the systems expected to be operable both at the start of a mission and at unspecified (random) points in time. 

Portability and Transportability. 

Click here to enter text.

Guidance: This paragraph discusses the portability and transportability features of the system (equipment and software) and describes how they affect employment, deployment, and logistic support requirements. Any subsystems whose operational or functional characteristics make them unsuitable for transportation by normal methods should be identified.

Additional Quality Factors. 

Click here to enter text.

Guidance: This paragraph describes any quality features not addressed in the preceding paragraphs (i.e., interoperability, integrity, and efficiency features of the system).

Embedded Security. 

Click here to enter text.

Guidance: If there is embedded security in the system, the software and hardware requirements should be fully identified in paragraph 1.1.3. above, and described here.

Predecessor and/or Reference System. 

Click here to enter table and text.

Guidance: This section describes the predecessor and/or reference system. A predecessor and/or reference system is a currently operational or pre-existing system with a mission similar to that of the proposed system. It is often the system being replaced or augmented by the new acquisition. The discussion should identify key system-level characteristics of both the predecessor and/or reference system and the new or proposed system. (Use the table in enclosure 3 as a guide for formatting this information.)

Problems Accociated with Predecessor System.

Click here to enter text.

Guidance: Any problems associated with the predecessor system should be discussed, along with any significant differences between the predecessor system and the proposed system. 

Replacing Predecessor System with Proposed System

Click here to enter text.

Guidance: The narrative should describe how the predecessor system is to be replaced with the proposed system (e.g., one-for-one replacements, etc.). Information on the planned disposition of the replaced systems should be provided so that disposal costs and benefits can be considered in the cost estimate. The above information should also be provided on analogous subsystem and components that can be used to scope or estimate the new system.

Risk.

Program Manager’s Assessment/Risk Reduction. 

Click here to enter text.

Guidance: This section identifies the program manager's assessment of the program and the measures being taken or planned to reduce those risks. Relevant sources of risk include: design concept, technology development, test requirements, schedule, acquisition strategy, funding availability, contract stability, or any other aspect that might cause a significant deviation from the planned program. 

Related External Technology Programs.

Click here to enter text.

Guidance: Any related external technology programs (planned or on-going) should be identified, their potential contribution to the program described, and their funding prospects and potential for success assessed. This section should identify these risks for each acquisition phase (DEM/VAL, EMD, production and deployment, and O&S).

System Operational Concept

Organizational Structure. 

Click here to enter table, charts, or text.

Guidance: This section identifies the force structure elements associated with the operation of the system. A unit manpower document should be provided, along with supporting text describing the functions and relationships of the organizational elements. In some cases, unit manpower documents may not be available for a system until after Milestone II. In those instances, notional unit manpower documents showing the relationship to the unit manpower documents for the predecessor system should be provided. 

Basing and Deployment Description. 

Click here to enter text.

Guidance: This paragraph describes the peacetime basing and wartime deployment plans for the system. It identifies the number and location of peacetime bases both in the continental United States (CONUS) and overseas, and describes any new bases or facilities that will be required. 

Anticipated Deployment Method of the System.

Click here to enter text.

Guidance: This paragraph should describe the anticipated deployment method of the system in terms of number of sites and operating locations.

Security. 

Click here to enter text.

Guidance: This paragraph describes the system's physical security, information security, and operations security features. 

Hardware and Software Security Aspects.

Click here to enter text.

Guidance:  Address hardware and software aspects of communications and computer security.

Logistics.

Click here to enter text.

Guidance: This paragraph summarizes key elements of the Integrated Logistics Support Plan (ILSP). The information is divided into the following subparagraphs:

Support Concept. 

Hardware Support Concept. 

Organic versus Contractor Requirements.

Click here to enter text.

Guidance: Describe the hardware support concept in light of service (organic) versus contractor support requirements.

Fielding Plans.

Click here to enter text.

Guidance: Describe the hardware support concept in light of interim support (fielding) plans.

Maintenance Intervals and Overhaul Points.

Click here to enter text.

Guidance: Describe the hardware support concept in light of scheduled maintenance intervals and major overhaul points.

Maintenance Levels and Repair Responsibilities.

Click here to enter text.

Guidance: Describe the hardware support concept in light of maintenance schedules and repair responsibilities.

Repair versus Replacement Criteria.

Click here to enter text.

Guidance: Describe the hardware support concept in light of repair versus replacement criteria.

Standard Support Equipment.

Click here to enter text.

Guidance: Describe the hardware support concept in light of standard support equipment to be used.

Specialized Repair Activities.

Click here to enter text.

Guidance: Describe the hardware support concept in light of specialized repair activities (SRAs).

Critical Survivability Characteristics.

Click here to enter text.

Guidance: Describe the hardware support concept in light of hardness assurance, maintenance, and surveillance plans for systems with critical survivability characteristics (e.g., hardness to high altitude electromagnetic pulse).

Other Requirements.

Click here to enter text.

Guidance: Describe the hardware support concept in light of other requirements not previously mentioned.

Software Support Concept. 

Methods.

Click here to enter text.

Guidance: Describe methods for planned upgrades.

Technology Insertions.

Click here to enter text.

Guidance: Describe planned technology insertions.

Post Development Software Support.

Click here to enter text.

Guidance: Address post-development software support requirements.

Supply. 

Provisioning Strategy.

Click here to enter text.

Guidance: This paragraph should identify the provisioning strategy.


Location of Stocks and Resupply.

Click here to enter text.

Guidance: This paragraph should identify the location of system stocks and the methods of resupply.

Effects on Supply System.

Click here to enter text.

Guidance: This paragraph should identify other effects of the weapon system on the supply system.

Training. 

Click here to enter table(s) and/or text. 

Guidance: This paragraph summarizes the training plans for system operators, maintenance personnel, and support personnel. This paragraph should reference or extract appropriate sections from the Total System Training Plan (TSTP) required by Part 7, section B. of DoD Instruction 5000.02 (reference (a), if available. In the absence of a firm plan, it identifies the following:
The training that needs to be accomplished and the organizations that will conduct the training;
The number of systems that must be acquired solely for training purposes;
The need for auxiliary training devices, the skills to be developed by those devices, and computer simulation requirements;
Training times and locations;
Source materials and other training aids; and
Other training requirements not previously mentioned.

Quantity Requirements. 

Click here to enter text.

Guidance: This section consists of a matrix identifying the quantities of the system to be developed, tested, produced, and deployed by acquisition phase and year. The quantities identified should be sufficient for maintenance and readiness floats as well as for peacetime attrition requirements. For complete system end-items such as whole engines, the quantities allocated for initial spares and replacement spares should be separately identified.

System Quantities Matrix

Click here to enter table(s) and text.

Guidance: Construct a matrix that identifies the quantities of the system. Quantities identified should be sufficient for maintenance and readiness floats as well as for peacetime attrition requirements.

System Manpower Requirements. 

Click here to enter table(s) and text.

Guidance: This section describes the manpower needed to support the system. The requirements identified should be consistent with the appropriate cost element structures in appendices B through G of the  (reference (f)) and with the projections given in the ). 

System Activity Rates. 

Click here to enter table(s) and text.

Guidance: This section defines the activity rates (e.g., number of operating hours per year, flight hours per month or year, operating shifts per day, etc.) for each system or subsystem. 

System Milestone Schedule. 

Click here to enter text.

Guidance: This section describes the acquisition schedule for the system. Both hardware and software schedules should be discussed. 

System Milestone Schedule Graphic.

Click here to enter text and graphic.

Guidance:  Provide a Gantt chart showing the major milestones of the program by phase (e.g., design reviews, first flights or builder's trials, significant test events, system light-offs (for ships), Defense Acquisition Board (DAB) and DoD Component-unique milestone reviews, initial deployment data, and final operational capability) should be provided. A more detailed program master schedule should be included as a reference or appendix. Specific element schedules, if known, should be presented with the descriptions of those elements.

Acquisition Plan and/or Strategy. 

Contractors. 

Click here to enter table and text.

Guidance: This paragraph identifies the number of prime contractors expected to compete during each acquisition phase. The specific contractors and subcontractors involved in each phase should be identified, if known. If this information is source selection sensitive, special labeling of the overall CARD may be required. 

Contract Type. 

Click here to enter table and text.

Guidance: This paragraph describes the type of contracts to be awarded in each phase of the program. The status of any existing contracts should be discussed. 

System Development Plan

Development Phases. 

Click here to enter text.

Guidance: This paragraph summarizes the DEM/VAL and EMD plans for the system. Software reuse from the DEM/VAL phase in the EMD phase should be discussed.

Development Test and Evaluation. 

Click here to enter table(s) and text.

Guidance: Describe all testing to be accomplished during the development program.

Hardware and Software Tests.

Click here to enter table(s) and text.

Guidance: Identify the number, type, location, and expected duration of tests (for both hardware and software). Include the following tests as applicable: contractor flight tests, static and fatigue testing, logistic testing to evaluate the achievement of supportability goals.  Contractor and Government-conducted tests should be separately identified.

Organizations Conducting Tests.

Click here to enter table(s) and text.

Guidance: Identify the organizations that will conduct the test programs.

Operational Test and Evaluation. 

Click here to enter table(s) and text.

Guidance: This paragraph describes all testing to be conducted by Agencies other than the developing command to assess the system's military utility, operational effectiveness, operational suitability, logistics supportability, etc. The number, type, location, and expected duration of tests (for both hardware and software) should be identified, along with organizations that will conduct the test programs. 

Element Facilities Requirements

Test and Production Facilities. 

Click here to enter table(s) and text.

Guidance: Describe the type and number of hardware and software test and production facilities (both contractor and Government owned) required during all phases of program acquisition. 

Separately Funded Facilities.

Click here to enter table(s) and text.

Guidance: Separately identify those facilities funded as part of the acquisition prime contract, those separately funded by the program office, and those provided by other activities -- such as a Government test organization or facility. Existing facilities that can be modified and/or utilized should be noted. 

Facility Characteristics

Click here to enter table(s) and text.

 Guidance: Describe the size and design characteristics of the respective facilities, along with any land acquisition requirements. 

Hazardous Materials.

Click here to enter table(s) and text.

Guidance: Assess the impacts of hazardous, toxic, or radiological materials used or generated during system tests or production.

Operational Support Facilities. 

Click here to enter table(s) and text.

Guidance: This paragraph describes the type and number of hardware and software facilities required for system deployment, operation and support (including training, personnel, depot maintenance, etc.). Existing facilities that can be modified and/or utilized should be noted. The discussion should describe the size and design characteristics of the respective facilities, along with any land acquisition requirements. The impacts of hazardous, toxic, or radiological materials consumed or generated by the system should be assessed. 

Facilities Commonality. 

Click here to enter table(s) and text.

Guidance: This paragraph identifies the facilities and equipment that are common to this and other programs.

Facilities and Equipment Cost Estimates.

Click here to enter table(s) and text.

Guidance: Specify how these common facility items will be accounted for in the cost estimates.

Environmental Impact Analysis. 

Click here to enter text.

Guidance: This paragraph identifies how environmental impact analysis requirements (including impacts on land, personnel, and facilities) will be accomplished for operational, depot, and training locations, and how the results will be incorporated into the program.

Track to Prior CARD. 

Changes in Design.

Click here to enter table(s) and text.

Guidance: The discussion should address changes in system design. 

Changes in Program Schedule and Direction.

Click here to enter table(s) and text.

Guidance: Address changes in the program schedule, as well as in program direction. 

Contractor Cost Data Reporting (CCDR) Plan. 

Click here to enter text.

Guidance: This section contains a copy of the CCDR Plan approved for the program. If the Plan has not yet been approved, include a copy of the proposed CCDR Plan as submitted to the OSD CAIG (or the designated Service CCDR focal point, if the program is an ACAT II, III, or IV program). 

Enclosures - 4

E1. Input Options Available to CARD Preparers
E2. Examples of Key System Characteristics and Performance Parameters
E3. Predecessor and/or Reference System Description
E4. Software Glossary






E1. ENCLOSURE 1    INPUT OPTIONS AVAILABLE TO CARD PREPARERS

Condition of Data	CARD Input	
1. The required data are available.		Provide the data in the appropriate section of the CARD.	
2. The data are contained in another document.		Summarize the data pertinent to cost in the appropriate section of the CARD and append the source document (or relevant passages from it) as an attachment.	
3. There are no significant cost implications associated with the CARD section.		The CARD section should be identified as Not Relevant (N/R).	
4. Sufficiently detailed data are not yet available.		The available data should be provided and the remainder of the information should be identified as "to be determined" (TBD).	
5. Uncertainty is associated with this area.		A range of values can be specified as opposed to a discrete value. If a range is used, it should be associated with a base case. Include rationale for the range as well as a discussion of the significance of its variation for other parts of the system. If possible, designate a most likely or design value.	


As the system or program evolves and matures, additional data, which will resolve TBDs
and uncertainties, will become available and can be incorporated into the CARD.






E2. ENCLOSURE 2  EXAMPLES OF KEY SYSTEM CHARACTERISTICS AND PERFORMANCE PARAMETERS

Examples of Key System Characteristics and Performance Parameters

Aircraft:	Airframe unit weight (AUW); breakdown of AUW by material type; empty weight; structure weight; length; wingspan; wing area; wing loading; combat weight; maximum gross weight; payload weight; internal fuel capacity; useful load; maximum speed (knots at sea level (SL)/maximum altitude); combat ceiling; combat speed; wetted area.	
Engines:	Maximum thrust at sea level; specific fuel consumption; dry weight; turbine inlet temperature (degrees Rankine) at maximum value and maximum continuous value; maximum airflow.	
Missiles:	Weight, length, width, height, type propulsion, payload, range, sensor characteristics (e.g., millimeter wavelength(s) for MMW sensors).	
Ships:	Length overall (LOA) (ft); maximum beam (ft); displacement (full) (T); draft (full load) (ft) [Note appendages, such as sonar dome]; propulsion type (nuclear, gas turbine, conventional steam, etc.); number of screws; shaft horsepower (SHP) (HP); lift capacity (troops, vehicles, (KSqFt), cargo (KCuFt), bulk fuel, (K Gal), LCAC, AAAV, VTOL L/L and VTOL M/S).	
Tanks and Trucks:	Weight, length, width, height, engine horsepower, and payload (i.e., ammunition loads and tonnage ratings).	
Data 	Automation/ADPE:		Type (mainframe, mini, micro); processor (MIPS, MPLOPS, MOPS, SPECMARKS); memory (size in megabytes); architecture (monolithic, distributed).	





Examples of Key System Characteristics and Performance Parameters, Continued

Electronics:	Weight by Type of System:
	


TYPE SYSTEM	PERFORMANCE MEASURES	TECHNOLOGY	OTHER
Radar	Output Power	Range	Resolution	Classification Capable	Frequency	Number Phase Shifters	Number of Elements	MIMIC	TWT	VHSIC	Stealth	SOS, etc.	Software	Phased Array	Type Scan	Installation	Reliability	Waveform	Quantity
Communications	Frequency	Power	Number Channels	Interoperability	LPI	Range/LOS/NLOS		MIMIC	Antenna Type	SOS, etc.	Stealth	Software		Tactical/Strategic	Secure	ANTI-Jam	User Community	Data/Voice	
Satellite	Quantity	Orbit	Number of Users	Power	Waveform	Size/Weight	Launch Vehicle	Processors	Bus	Software	Purpose	Coverage	Design Life
EW	Classification Capable	Active/Passive	Automatic/Manual	Programmable	Power/Frequency		MIMIC/TWT	On/Off Board	VHSIC	Integration	Stealth	Packaging	Software		Purpose	Expendable	Installation	Platforms	







E3. ENCLOSURE 3   PREDECESSOR AND/OR REFERENCE SYSTEM DESCRIPTION

Predecessor System 	Proposed System
System Designation and Name

Manpower Requirements
Crew Composition

Performance
Speed (max)
Speed (sustained)
Range
Payload

Configuration
Weight (Airframe Unit)
Weight (empty)
Weight (gross)
Dimensions
Height
Weight
Length

Acquisition
Unit Cost (Prototype/100th Prod. Unit)
Number of Systems
Acquire(d)
Deploy(ed)
Operating Concept
No. of Equipped Deployable Units (sqd/companies)
Average No. Systems/Unit
Operating Hours or Miles/Year/System

Maintenance Concept
Interim Contractor Support
Contractor Logistics Support
In-House Support
Number of Maintenance Levels

Performance Goals
Operational Ready Rate (%)
System Reliability (Mean Time Between Failures)
Maintenance Manhours Per Flying/Operating Hour/Miles
Major Overhaul Point (flying hrs/oper hrs/m/miles)

Note: The elements under each category should be expanded, deleted, or revised to
accommodate the predecessor and/or reference system being described.

[bookmark: _Toc444596794]
E4. ENCLOSURE 4   SOFTWARE GLOSSARY

E4.1.1. The following section lists the software definitions and assumptions to be used in preparing DD Form 2630, "Software Description Annotated Outline."


CATEGORY:	Level of Difficulty For Designing, Producing, or Using Software.	
System	Software:	Software designed for a specific computer system or family of computer systems to facilitate the operation and maintenance of the computer system and associated programs. For example: operating system, communications, computer system health and status, security and fault tolerance (most expensive per line of code within a residence).	
Application	Software:		Software specially produced for the functional use of a computer system. For example:  target tracking, fire control, weapon assignment, navigation, and mission resource management (less expensive per line of code within a residence).	
Support	Software:		Off-line software.  For example: development and diagnostic tools, simulation and/or training, maintenance, site support, delivered test software, report generators (least expensive per line of code within a residence).	
CODE TYPE:	Degree of software code design newness.	
New Code:	Newly developed software.	
Modified	Code:		Pre-developed code that can be incorporated in the software component with a significant amount of effort but less effort than required for a newly developed code (i.e., 30 – 70 percent of code is modified).	
Reused	Code:		Pre-developed code that can be incorporated in the software component with little or no change (i.e., approximately 10 percent is modified).	
SOURCE	LINES OF	CODE	(SLOC):		Until January 15, 1994, either of the following definitions may be used. After that date, only the first will be accepted. Until January 15, 1994, CARDs must specify which definition is used.		Definition 1: Source lines of code are physical source statements: one physical line equals one statement. The delimiter (or, more precisely, the terminator) for physical source statements is usually a special character or character pair such as [newline] or [carriage return]-[Line feed]. If "dead code" (i.e., code that is delivered with a package but is never referenced or used) is excluded, list the methods by which that is done. List all keywords	and symbols that are excluded when they appear on lines of their own, such as [begin], [end], [{], [}], and the like. If separate counts are made for different types of statements, such as format statements, declarations, executable statements, and the like, state the rules used for classifying them. List any other rules used in counting.		Definition 2. "Source line of code" denotes any compilable source instruction, including data declaration, type definitions, and assignments. It excludes comments, null/dummy statements, blank lines, continuation lines, prefaces, file boundary statements, and commercial off-the-shelf software (COTS). Selected high-order languages (HOLs) per DoD Directive 3405.1 (reference (g)) are listed below as well as C and Assembly language:	
LanguageStandard NumberSLOC Counting Criteria	AdaANSI/MIL/-STD-1815A-1983  (FIPS 119) reference (h))	                                                                                                                                       Semicolon (:) terminator	FORTRANANSI X3.9-1978 (FIPS 69-1) (reference (I))Non-comment, non-continuation,	non-blank lines	JOVIAL	(J73)	MIL-STD-1589C reference (j))Non-comment dollar sign ($) terminator	C	Non-comment (;) terminatorASSEMBLYNon-comment line	

INSTANTIATION:	The process of representing an abstraction by a concrete example. In Ada, the instantiation of a generic procedure creates a new subprogram or package that can be used.	
KSLOC:	Thousands of source lines of code.	
PROGRAM	LIBRARY:		An organized repository of reusable code.	
RESIDENCE:	The location where the software will be maintained and used.  	
Space:	Software on an orbiting vehicle and suborbital probes (most expensive per line of code for any given category).	
Air:	Software on an aircraft or missile (less expensive per line of code for any given category).	
Ground-Mobile:	Ground-based software physically maintained and used on a ground-mobile platform.	
Ground-Fixed:	Ground-based software physically maintained and used at a fixed site.	
TERMINAL	SEMICOLONS:		A statement terminated by a semicolon, including data declarations, and code used to instantiate a reusable component the first time it is instantiated.  When multiple semicolons are used with a declaration statement, the terminating semicolon is used to define the termination of the source line of code. Comments, blank lines, and non-deliverable code are not included in the line count.
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Key CARD Elements Most Relevant to our OEM Cost Analysis: 
Discussion 

The list of relevant program attributes to enable better understanding of cost drivers continues: 

• Quality – Reliability, Maintainability, Availability, Portability
• Security - Physical, information, and operations security descriptions 
• Predecessor/derivative systems - similarity to other systems, prior problems, commonality with replaced system as 

well as any analogous systems
• Risks – Technology, TRL, MRL, test, funding, related external projects from program, manager assessment and 

external technology programs 
• Logistics /Support Concepts - force structure elements associated with the operation, basing and deployment plans, 

deployment method, maintenance and repair levels, hardware support concept, Repair versus Replacement, Standard 
Support Equipment, software upgrade plans, location of system stocks and the methods of resupply, training Plans

• Quantities – matrix of systems developed, tested, produced, and deployed by year.  This information may also include 
a count development or production items of other systems that are similar or common to the design under 
consideration.

• Acquisition Plan – type of contracts, suppliers and schedules to system or subsystem considered.  This plan should be 
understood from both the customer and OEM supplier perspectives.

• Development Plan – DEM/VAL and EMD plans, schedules, testing during development, number, type, location, and 
expected duration of hardware and software tests, responsible organizations for test and operational test plans

• Facilities – type and number of hardware and software test and production facilities, type and number of hardware and 
software facilities for deployment, operation and support, and common facilities to other programs

• Changes – tracks changes in design, schedule and program direction (objectives) 
• Program Reporting requirements – induces CCDR plans (e.g. 1921 reports) 

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com
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Examples of Key System Technical Characteristics

These “technical” parameters may provide insight to the cost drivers when analyzed against 
various cost metrics including development and unit cost --

• Aircraft: Aircraft empty weight; weight by material type, structure/electronics weight; length; volume, wingspan; wing 
area; wing loading; combat weight; maximum gross weight; payload weight; internal fuel capacity; useful load; 
maximum speed (knots at sea level (SL)/maximum altitude); combat ceiling; combat speed; wetted area.  
Additionally, parametric cost analysts would use weight by Work Breakdown Structure (WBS) to define subsystem 
costs.  For other systems like helicopters, UAVs, etc. there may be other information that might be useful including 
number of rotor blades, type of vertical lift and primary technologies (e.g. Single Main Rotor, Tilt Rotor, X2, pusher 
prop), etc.

• Engines: Maximum thrust at sea level; specific fuel consumption; dry weight; turbine inlet temperature at maximum 
value and maximum continuous value; maximum airflow.

• Missiles: Weight, length, width, height, type propulsion, payload, range, sensor characteristics 
(e.g., millimeter wavelength(s) for MMW sensors).

• Ships: Length overall (LOA) (ft); maximum beam (ft); displacement (full) (T); draft (full load) (ft) [Note appendages, 
such as sonar dome]; propulsion type (nuclear, gas turbine, conventional steam, etc.); number of screws; shaft 
horsepower (SHP) (HP); lift capacity (troops, vehicles, (KSqFt), cargo (KCuFt), bulk fuel, (K Gal), LCAC, AAAV, 
VTOL L/L and VTOL M/S).

• Tanks and Trucks: Weight, length, width, height, engine horsepower, and payload (i.e., ammunition loads and 
tonnage ratings).

• Data Automation/ADPE (Automatic Data Processing Equipment):  Type (mainframe, mini, micro); processor 
(MIPS, MPLOPS, MOPS, SPECMARKS); memory (size in megabytes); architecture (monolithic, distributed).

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com
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Examples of Key Electronics Characteristics 
Electronic systems naturally require a view of different characteristics and attributes from 
structures to best represent the drivers of development, production and support costs.  The 
CARD outlines many of the Electronics Characteristics and Performance Parameters that at 
are used to estimate costs in CERs and commercial cost models. 

TYPE SYSTEM PERFORMANCE 
MEASURES

TECHNOLOGY OTHER

Radar Output Power MIMIC Phased Array
Range TWT Type Scan
Resolution VHSIC Reliability
Classification 
Capable

Stealth Waveform

Frequency SOS, etc Quantity
Number Phase Software
Shifters
Number of 
Elements

Communications Frequency MIMIC Tactical/Strategic
Power Antenna Type Secure
Number Channels SOS, etc. ANTI-Jam
Interoperability Stealth User Community
LPI Software Data/Voice
Range/LOS/NLOS

TYPE SYSTEM PERFORMANCE 
MEASURES

TECHNOLOGY OTHER

Satellite Quantity Size/Weight Purpose

Orbit Launch Vehicle Coverage

Number of Users Processors Design Life

Power Bus

Waveform Software

EW Classification 
Capable

MIMIC/TWT Purpose

Active/Passive On/Off Board Expendable

Automatic/Manual VHSIC Installation

Programmable Integration Platforms

Power/Frequency Stealth

Packaging

Software

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com
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Predecessor Data 

It’s important to understand predecessor or “similar to” systems that may be the 
foundation for the new or modified design.

Many CERs and commercial cost models account for benefits of prior work impacting 
factors including percent new design, experience of design team, prior production quantity 
(learning), design and production commonality across programs, and reliability, 
maintainability and logistics support.

Often OEMs will have the detail level information and understanding of “commonality” 
(by weight or by drawing) that the government would not normally receive in their CDRL 
program reports received from the contractor --

System Designation and Name
Manpower Requirements
• Flight Crew Composition
Performance
• Speed (max)
• Speed (sustained)
• Range
• Payload
Configuration
• Key technologies (lifting mechanisms, 

materials by subsystem 
• Weight (Airframe Unit)
• Weight (empty)
• Weight (gross)
• Dimensions
• Height
• Weight
• Length

Acquisition
• Unit Cost (Prototype/100th Prod. Unit)
• Number of Systems
• Acquire(d)
• Deploy(ed)
• Operating Concept
• No. of Equipped Deployable Units 

(sqd/companies)
• Average No. Systems/Unit
• Operating Hours or Miles/Year/System
Maintenance Concept
• Interim Contractor Support
• Contractor Logistics Support
• In-House Support
• Number of Maintenance Levels

Performance Goals
• Operational Ready Rate (%)
• System Reliability (Mean Time Between 

Failures)
• Maintenance Manhours Per 

Flying/Operating Hour/Miles
• Major Overhaul Point (flying hrs/oper

hrs/m/miles)

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com



9THIS DOCUMENT DOES NOT CONTAIN EXPORT CONTROLLED TECHNICAL DATA 

NASA’s Cost Analysis Data Requirement (CADRe) 
CADRe provides NASA estimators visibility to cost/schedule/technical/programmatic data, 
collected in a consistent and quality-enforced manner, for defendable estimating of current 
and future missions. 
This three Part document is completed for each milestone {System Requirements Review 
(SRR), Preliminary Design Review (PDR), Critical Design Review (CDR), Systems Integration 
Review (SIR), Launch and End of Mission (EOM)} per Figure below, from the NASA Cost 
Estimating Handbook: 

Part A, captures programmatics 
and narrative descriptions of 
significant changes .
Part B, follows an Excel template 
and describes technical 
parameters at spacecraft-bus and 
payload-instrument component 
levels, typically WBS-2 level.
Part C, also follows an Excel 
template and describes both 
project estimated and actual costs, 
to a WBS-2 or lower level.

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com
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Comparison of CARD to OEM Data Collection 

While the objective of both government and OEMs is to develop a good preliminary estimate 
of proposed system costs, the focus and access to data for each group are somewhat 
different. For example:
• OEM focus is also primarily on the costs that they can control.
• Government teams have access to a broad set of similar programs not available to OEMs, 

but do not typically have data at levels below 4th level WBS that may better provide 
details that may better describe cost drivers in a system or subsystem.

From the perspective of the OEM, collecting and analyzing some of the characteristics that 
the government team requires in the CARD may provide a better understanding of 
government needs to meet higher level budget considerations.

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com
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Comparison of CARD to OEM Data Collection 
The following provides a comparison between our current OEM data collection and those 
outlined in the CARD.  This comparison may help to understand the differences in focus.

General Information
In OEM In CARD Comments

WBS Number Yes Yes OEMs may map parts to WBS
WBS Name/Description Yes Yes
Alternate Name of System or 
Subsystem

Yes Yes

Part Number(s) Yes No OEMs can evaluate part level costs not reported to government
Physical/Functional Description 
(brief descrip)

Sometimes Yes at 
WBS level

Describes in general the purpose and technologies used for the part or system

If Purch - Supplier name Yes Yes For subsystem – not in CARD or OEM summaries at part level.  
Number of units per 
aircraft/assembly

Yes No Count of lower level parts (like rotor blades) per assembly is needed for cost 
evaluation and cost improvement curves

Names of Interfacing Units Yes Yes For govt at system level only.  OEMs may capture each level of integration
Weight of Unit (Structure) Yes Yes Early design weights are parametric – mature designs are part based.
% Material Type Yes Yes Available from technical mass properties data but not always captured for 

historical purposes – proposed CSDR report1921-T may help
Volume of Unit No No May be helpful for electronics estimating— can usually be found in technical data.  

Cabin volume may be useful for high level CERs
WBS Weight (unit weight x # units 
per Aircraft/ assembly)

Yes No WBS weights are mapped by mass properties to the WBS standard – not 
generally provided to government teams

CAM Name/contact info Yes No
Similar prior uses/ commonality Not typically Yes Description at high level

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com



12THIS DOCUMENT DOES NOT CONTAIN EXPORT CONTROLLED TECHNICAL DATA 

Comparison of CARD to OEM Data Collection 
Technical Information – Aircraft  

Aircraft In OEM In CARD Comments

Airframe unit weight (AUW) Yes Yes
Breakdown of AUW by material type Yes Yes

Empty weight Yes Yes
Structure weight Yes Yes
Common Weight or Drawing Count 
to prior program/product

Yes No Better understanding for cost impact on design and 
production

Length Yes Yes
Wingspan Yes Yes
Wing area Yes Yes
Wing loading Yes Yes
Combat weight Yes Yes
Maximum gross weight Yes Yes
Payload weight Yes Yes
Internal fuel capacity Yes Yes
Useful load Yes Yes
Maximum speed (knots at sea level 
(SL)/maximum altitude)

Yes Yes

Combat ceiling Yes Yes
Combat speed Yes Yes
Wetted area. Yes Yes

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com
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Comparison of CARD to OEM Data Collection 
Technical Information – Engines

Engines Yes Yes

Maximum thrust at sea level Yes Yes

Specific fuel consumption Yes Yes

Dry weight Yes Yes

Turbine inlet temperature (degrees 
Rankine) at maximum value and 
maximum continuous value

Yes Yes

Maximum airflow Yes Yes

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com
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Comparison of CARD to OEM data collection 
Technical Information – Other Systems

Missiles: Weight, Length, Width, Height, type propulsion, Payload, Range, Sensor 
characteristics (e.g. millimeter wavelength(s) for MMW sensors).
Ships: Length overall (LOA) (ft); Maximum beam (ft); Displacement (full) (T); Draft (full load) 
(ft) [Note appendages, such as sonar dome]; Propulsion type (nuclear, gas turbine, 
conventional steam, etc.); Number of screws; shaft horsepower (SHP) (HP); Lift capacity 
(troops, vehicles, (KSqFt), cargo (KCuFt), bulk fuel, (K Gal), LCAC, AAAV, VTOL L/L and 
VTOL M/S)
Tanks and Trucks: Weight: Length; Width; Height; Engine horsepower; Payload (i.e., 
ammunition loads and tonnage ratings)
Software: Size, functional requirements, Product requirements, Application, Operating 
Environment, etc.

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com
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Conclusion

Whether aligning with DoD’s CARD or NASA’s CADRe (or both), the OEM has an 
opportunity to codify a structured data collection methodology that also solves for 
reporting compliance. It would stand to reason that redundant effort is eliminated if 
an OEM’s data collection/mapping is designed up-front to satisfy both internal and 
external requirements. 

Again, the value of standardized data collection is multi-fold. The OEMs have an 
opportunity to utilize the CARDs multi-dimensional views of programmatic, cost 
and technical data to standardize their cost analysis and modelling/calibration 
studies across comparable past projects.

There is government/industry support for the broader view that adds 
CARD/CADRe information to the OEM data set.  It’s clear from recent participation 
in government/ OEM Aviation Cost IPT meetings that new information (typically 
held by contractors) is being requested for new programs.  These new reports 
using electronic “FlexFiles” and containing new data from 1921-T, Q, R and other 
reports provide additional detail as suggested in this paper. 
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Predecessor data 
“Similar to” systems that may be the foundation for the new or modified design. Many CERs 
and commercial cost models account for benefits of prior work impacting factors including 
percent new design, experience of design team, prior production quantity (learning), design 
and production commonality across programs, and reliability, maintainability and logistics 
support. OEM/ contractors should ensure they include this information in their own data 
collection efforts that may extend beyond CARD guidance.

Examples of Predecessor or Reference System to Proposed System contained in 
CARD data

• System Designation and Name
• Manpower Requirements

- Flight Crew Composition
• Performance

- Speed (max)
- Speed (sustained)
- Range
- Payload

• Configuration
- Key technologies (lifting mechanisms, materials 

by subsystem 
- Weight (Airframe Unit)
- Weight (empty)
- Weight (gross)
- Dimensions
- Height
- Weight
- Length

• Acquisition
- Unit Cost (Prototype/100th Prod. Unit)
- Number of Systems

- Acquire(d)
- Deploy(ed)

- Operating Concept
- No. of Equipped Deployable Units (sqd/companies)
- Average No. Systems/Unit
- Operating Hours or Miles/Year/System

• Maintenance Concept
- Interim Contractor Support
- Contractor Logistics Support
- In-House Support
- Number of Maintenance Levels

• Performance Goals
- Operational Ready Rate (%)
- System Reliability (Mean Time Between Failures)
- Maintenance Manhours Per Flying/Operating Hour/Miles
- Major Overhaul Point (flying hrs/oper hrs/m/miles)

Presented at the 2018 ICEAA Professional Development & Training Workshop - www.iceaaonline.com


	Improved Cost and Technical Data Collection for Government Contractors
	Abstract Review
	Contractors increasingly have the same motivation as our government customers to collect, analyze and apply historical program data …
	Cost Analysis Requirements Description (CARD)
	Key CARD Elements Most Relevant to our OEM Cost Analysis: Discussion 
	Examples of Key System Technical Characteristics
	Examples of Key Electronics Characteristics 
	Predecessor Data 
	NASA’s Cost Analysis Data Requirement (CADRe) 
	Comparison of CARD to OEM Data Collection 
	Comparison of CARD to OEM Data Collection 
	Comparison of CARD to OEM Data Collection 
	Comparison of CARD to OEM Data Collection 
	Comparison of CARD to OEM data collection 
	Conclusion
	Slide Number 16
	Predecessor data 



