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Overview

B Abstract

e Technical characteristics are known to influence cost and as such are integral to cost estimating
methods. Cost-driver data is an enduring cost community need yet is often an afterthought to cost
data collection. This presentation is an overview of CADE’s Technical Data Report (TDR) to
systemically capture this must-needed information as part of the CSDR process. Also a sample

Power Bl case will illustrate the powerful analysis empowered by integrating TDR data with FlexFile
cost data.

m QOutline

e The Enduring Need for Technical Data
e Controlled Vocabulary

e Sample Case

e Summary and Conclusion
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Performance and Technical Data as Cost Drivers

| Performance data describes what the systems
| it i can/must do. Technical data describes
physical and functional characteristics of the
T S remecormien || | SYStem. Speed, range, depth, survivability,

— — — ) Negative Correlation

----- > cesoricavarave ||| @NA NOise reduction are examples of

Platform Type
Land, Sea (surface/
subsurface), Air, Space ,

Commereial o ')’Electronic ltem Cost <— —  Prior Quantites performance characteristic data. Size,
| LT Y AKX O~ weight, and power (SWaP) are examples of
Noworvodned .- f N Shared Producton Line technical characteristic data. Source lines of
s : \\ code (SLOC), function points, and story points
ot Type e Prc o Technology Readiness are examples of software technical data.

Time and Materials
Source: NCCA, Joint Agency Cost Estimating Relationship (CER) Development Handbook, 2018 Source: DoD Cost Estimating Guide, December 2020

Cost Drivers are Inseparable From Cost

TECOLOTE RESEARCH PRT-282 5/20/2021
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Simple Rendering of a Cost Metric

Cost
Non-cost

Metric =

We know the best sources of cost data but what are the technical data sources?

TECOLOTE RESEARCH PRT-282 5/20/2021
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How Did We Collect Technical Data Without the Technical Data Report

Please Sir ...
may | have some
technical data

Technical data collection has been ad-hoc, inefficient, and random within DoD

TECOLOTE RESEARCH PRT-282 5/20/2021
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Data Collection Instrument Progress

3 Paper Excel XML
% 1940s 1950s 1960s 1970s 1980s
§ Ad-hoc AMPR DCPR CIR CCDR CSDR FlexFile
3 (and others)
Central Repository
Cost
Non-cost
- 19505 19605 19705 19805 —
E e s i B SRDR PCR Technical Data Report
S o o (Three

characteristic
fields on 1921-2)

AMPR — Aeronautical Manufacture's Planning Report
DCPR — Defense Contractors’ Planning Report

CIR = Cost Information Report

CCDR — Contractor Cost Data Report

CSDR - Cost and Software Data Reporting

SRDR — Software Resources Data Report

PCR — Progress Curve Report

TECOLOTE RESEARCH PRT-282 5/20/2021
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Data Preparation in Machine Learning

Engineering, Test & Technology

Boeing Research & Technology
Presented at the 2019 ICEAA Professional Deve opment & [raining Workshop - Wi, Ceaaon ine.com

Machine Learning Data Analysis Approach

DATASOURCES
v — Need for aggregation
» Python NLP Toolkit

Cleanse the data

Egateiqg Machine Leaming
* Preprocess data: coplert to computer-readable format
FEEE et -eatures & Targets

DATANORMALIZATION

Automatically

Apply Machine Learning
= Select algorithm(s); Eliminate non-significant features
= Train, test and validate model

COST PREDICTION AND
FRONTEND

Predict in real-time
» With user-friendly front end

Data Analysis & Normalization steps extremely important

2

Mourikas, Machine Learning and Language Processing,
Proceedings of the 2019 ICEAA Workshop

Relationships Between Topics

MACHINE
LEARNING

Data Science

) Data science is where statistics, computer science and domain

knowledge meet

~" RESEARCH
Machine Learning

DOMAIN ) isthe statistics
KNOWLEDGE science

Presented at the 2019 ICEAA Professional Development & Training Workshop - wwiw.iceaaonline. com e

Roye and Smart, “Beyond Regression,” Proceedings of the 2019 ICEAA
Conference

TECOLOTE RESEARCH

Presented at the 2019 ICEAA i & Training om

o - wiceasont
DATA AND FEATURE ENGINEERING IN EXCEL VS
PYTHON

* Data Cleaning (Data Engil

Quantitative Valugs Correct inconsistent Apply Dictionaries to

everything 1s on the same scale entries by hand automate fixing
Qualitative Values: Correcting ~  Difficult to trace inconsistent data
different spellings, and inconsistent previous steps across large amounts

data entries of data
Maintain visibility into
previous steps

g Data (Data

Manually copy and Utilize open source

Transforming data into a ‘Label -> paste transformed libraries such as

Attribute’ format data for each Pandas to employ

“Un-pivoting’ data tables attribute built-in functions like
‘melt’

Feature

Creating Dummy Variabl@(

eering) Create formulas for Employ ‘get dummies’
> PTG models require each separate dummy function in Python
categorical features be converted to variable column

‘dummy variables’

Booz | Allen | Hamilton® .

Johnson and Shafer, “Don’t Be Scared, Machine Learning is
Easy!”, Proceedings of the 2019 ICEAA Workshop

st Tet the" matHi res take BVetr-Tost yeer -
Aim high...start small.

« Research Benchmark

« Get Your Data into Sha
lean it u

« No Bias

e vioe)

So...no pressure.

Eskue, “The Robot Forecaster: Our A.l. Journey — Year
2,” Proceedings of the 2019 ICEAA Workshop

Informal description

Problem Description | Formal description

{ \__Assumptions

( Constraints imposed ﬂn data}
| Provide .@

1. Problem Definition |- ~—~"_ Define each attribute
)

e
1

\ Motivation

/' Motivation | Benefits

\ | Use

Summariz. g

!FU cture

f / \

)istributions
/ 2. Analy3 @ NS g
- " Attribute Histograms

Pairwise scatterplots of attributes

{ Formatting
|' ) Preproce‘s Data ’ Cleaning
- — it 3 Prepa. . e \_ Sampling
(:_'_-f\pplied Machine Learnin ~—~ Scaling

1
Transforr‘ Data ) Decomposition
h N

\__Aggregation

Test Harness and Options

\\ 4. Evaluate Algorithms /" Explore and select algorithms

\__Interpret and report results

Algorithm Tuning

i Bagging
\ “_ 5. Improve Results | Ensemble methods / Boosting

\ \ \.__ Blending
\_ Extreme Feature Engineering

Context
' [ Problem

Solution

' B. Present Results Findings
' Limitations
| ' Conclusions

|
\_ Operationalize Algorithm

e-

<

//machinelearningmastery.com/4-steps-to-get-started-in-m

https

learnin
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A Semantic Path to Machine Learning

Increasing levels of semantic precision

(and understanding by machines)

* aka glossary of terms e Controlled Vocabulary plus: e Taxonomy, plus:
* Natural language definitions * Hierarchical tree(s) of broader / ¢ Terms = Concepts identified by
» May include synonyms narrower terms some unique identifier as well as
« Cannot include homonyms * Similar to mathematical sub- all relationships between them
without further qualification, setting or OO generalization / * Conforming to (some) formal logic
since each term should be unique specialization ¢ Machine interpretable semantics
 May include citations to a * Some formal structure, but still « In addition label to name each
reference source usually represented in natural concept for human understanding
 May include some “see also” language * Multiple labels (aliases)
cross references * Can range from informal to more supported — e.g. to support
e Term definitions should not be formal taxonomy different natural languages
circular * SKOS (Simple Knowledge « Homonym labels allowed, but not
Organization System, W3C recommended because confusing
standard) is an example of a more for humans

formal taxonomy specified in RDF

Expression of Domain Knowledge is a matter of semantic precision

TECOLOTE RESEARCH PRT-282 5/20/2021
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Data Organization Considerations

TECOLOTE RESEARCH

Common parameters for each hardware WBS element

Size, Weight, and Power (SWAP)
» Volume (Cubic Feet)

»  Weight (Pounds)

»  Max Power Consumed (Watts)
Heritage

» Percent New Design

» Predecessor System

Unique parameters for each hardware WBS element

Varies by Item Type. Examples:

» Antenna: Aperture, Effective Radiated Power, etc.

» Engine: Inlet Temperature, TSFC, etc.

» Wing: Area, Wingspan, Number of Movable Surfaces, etc.

Unique parameters by end item

Varies by Commodity. Examples:
» Spacecraft: Orbit Regime, Mission Duration, Pointing Accuracy, etc.
» Aircraft: Combat Radius, Max Speed, Max Useful Load, etc.

» Missile: Speed, Max Effective Range, Burnout Weight, etc.

PRT-282
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CADE Technical Vocabulary

The CADE Technical Vocabulary is comprised of two parts.

1.
2.

CSDR Standard Plan WBS

A glossary of parameter names, units, and definitions organized by Item Type

Commodity Work Breakdown Structures with associated Item Types

G H
Aircraft System
Aircraft System, Integration, Assembly, Test, and Checkout
Air Vehicle AirVehicleAircraft
Air Vehicle Integration, Assembly, Test, and Checkout Heritage IAT&CO
Integration and Assembly
Test and Checkout
Rate Tooling
Airframe Heritage PhysicalOther PhysicalStruc  Airframe
Airframe Integration, Assembly. Test, and Checkout Heritage IAT&CO
Fuselage Heritage PhysicalOther PhysicalStruc |:
Forward Fuselage Heritage PhysicalOther PhysicalStruc
Center Fuselage PhysicalOther PhysicalStruc
Aft Fuselage PhysicalOther PhysicalStruc
Other Fuselage (specify) PhysicalOther PhysicalStruc
Wing Heritage PhysicalOther PhysicalStruc ~ WingFin
Empennage Heritage PhysicalOther PhysicalStruc  WingFin
Nacelle Heritage PhysicalOther i
Other Airframe Components 1..n (Specify) Heritage PhysicalOther
Propulsion Heritage PhysicalOther PhysicalStruc
Propulsion Integration, Assembly, Test, and Checkont Heritage TAT&CO
Propulsion Hardware Heritage PhysicalOther PhysicalStruc ~ Engine EngineTurbine  Eng
Propulsion Software Release 1_.n (Specify) SoftwareNonSRDR
Propulsion Software CSCI 1..n (Specify)
Vehicle Subsystems Heritage
Vehicle Subsystem Integration, Assembly, Test, and Checkout Heritage IAT&CO
Flight Control Subsystem
Flight Control Hardware Integration, Assembly, Test and Checkout IAT&CO
Flight Control Hardware 1..n (Specify) PhysicalOther PhysicalStruc Actuator Computer ElecBox Ele|
Flight Control Software Release 1..n (Specify) SoftwareNonSRDR
Aircraft Sys || TUAV|TAvionics sys || Missiles ||l Electronics | | Rac ... () y
ici 0 - '} + 10

TECOLOTE RESEARCH

Commodity WBS Sheets

- - ) -
. A C @
4 B D F G H |
7]
5
ITEM TYPE SUBTYPE PARAMETER NAME UNIT OF MEASURE UNIT OF MEASURE QUALIFER| REPEATABLE | GROUP KEY DEFINITION
6 - - - - - -
UUVProp Sortie Endurance Hours Maximum length of mission
1484
(Warhead Insensitive Munitions Requirements List Denotes if the Payload Target Defeat Mechanism is subject to insensitive
1436 munitions requirements
Warhead [Weight- Explosive Founds, The Payload Target Defeat Mechanism's Warnead Explosive Weight
1487
Warhead Warhead Penetration Inches The Payload Target Defeat Mechanism's Warhead Penelration.
1489
WaterPropul Type of Prapulsion Descriptor Describe the ype of waler propulsion
1495
WaterPropul [Maximum Thrust [Kilograms The maximum thrust the propulsion unitis capable of generating
1496
WaterPropul [Water Propulsion Power System Descriptor Describe the characteristics of the water propulsion water system
1500 Characteristics
WaterPropul Water Propulsion Assembly Characierisiics |Descriptar Describe the characienislics of (e waler propulsion assemaly
1501
WaterPropul Other Water Propulsion Parts & Systems Descriptor Describe the characteristics of other water propulsion parts and systems
1502 Characteristics
WingFin Wing Area Square Feet The projected area of the planform and is bounded by the leading and
1502 trailing edges and the wing tips.
[WingFin TNumber of Surfaces - Movable Quantty Movable Surfaces The number of movable surfaces providing aerodynamic steerng
1504
(WingFin [Wingspan Feet Distance from one tip to the other wingtip in feet
1506
1507

Ready  Filter Mode

DD Form 2794, Pg & (TECH RQTS)

Pg 8a (TECH RQTS Defintions) | caro [ -

Vocabulary Sheet

Controlled Vocabulary Exists

PRT-282
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Data Best Practices
Human Readable vs Machine Readable

Weak:

Better:

Or:

WBS Element Technical Parameter Name Value

Subsystem n.n.n.n [Power (Avg / Peak) (W) 786.1/876.2

WBS Element Technical Parameter Name Value Unit of Measure Qualifier
Subsystem n.n.n.n |Power - Average 786.1 Watts

Subsystem n.n.n.n |Power - Peak 876.2 Watts

WBS Element Technical Parameter Name Value Unit of Measure Qualifier
Subsystem n.n.n.n |Power 786.1 Watts Average
Subsystem n.n.n.n |Power 876.2 Watts Peak

Notional Data

Data Friction

TECOLOTE RESEARCH

PRT-282
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How Do We Collect Technical Data
v’ Start with WBS Structure DD2794

PRT-282

COST AND SOFTWARE DATA REPORTING PLAN
11. WORK BREAKDOWN STRUCTURE (WBS) 12. COST 13. TECHNICAL DATA
ST - « Start with WBS
a. WBS b. WBS . WBS ELEMENT NAME a. ACTUALS TO b. LEGACY c. LEGACY d. LEGACY e. EAC/FAC " ~ b. SRDR MAINT. &
CODE LEVEL DATE (ATD) 1921-1 19212 1921-5 (See item 10d) | [ QUANTITY ii. GFE FORMATS REPAIR
oy | souenny Structure to

'1.0 ] Aircraft System X X
11 2 Alr Vehicle X X H 1
5| e x : - determine which
1.1.2 3 Propulsion X X X
143 3 Vehicle Subsystems X b pa ram ete rs to
1.1.31 4 Flight Control Subsystem X X X
1132 4 Hydraulic Subsystem X X X I
1.1:3:3 4 Electrical Subsystem X X X p ace O n
1.1.3.4 4 Landing Gear X X X
1.1.3.5 4 Fuel Subsystem X X X CO n tra Ct
1.1.4 3 Avionics X X
1.1.4.1 4 Communication/ldentification X X X
1.1.42 4 Navigation/Guidance X X X
11.43 4 Mission Computer/Processing X X X
1.1.4.4 4 Fire Control X X X
:1.2 Z Systems Engineering X X
s 2 Program Management COST AND SOFTWARE DATA REPORTING PLAN - TECHNICAL PARAMETER REQUIREMENTS
1.4 2 System Test and Evaluation
1.5 2 Training 29. TECHNICAL PARAMETER
:1.8 % Data 26. WBS
17 2 Industrial Facilities ELEMENT 27. WBS ELEMENT NAME 28. ITEM TYPE
a o Initial Spares and Repair Parts CODE a. PARAMETER NAME b. UNIT OF MEASURE | © UNg'Ur:\ql:-'l\':;;suns d. REPEATABLE e. REMARKS

11 Aur Vehicle AirVehicleAircraft | Crew Size Quantity Crew Members

11 Air Vehicle AirVehicleAircraft |Number of Engines Quantity Engines

1.1 Air Vehicle AirVehicleAircraft [ Combat Radius Nautical Miles

g 4 Aur Vehicle AirVehicleAircraft | Engine Type List

11 Air Vehicle AirVehicleAircraft | Weight - Fmpty Pounds

11 Air Vehicle AirVehicleAircraft | Speed - Maximum Knots

1l Air Vehicle AirVehicleAircrait | Stealih Features List

11 Aur Vehicle AirVehicleAircraft | Nuclear Environment Survivability List

14 Air Vehicle AirVehicleAircraft | Supersonic Survivability List

11 Air Vehicle AirVehicleAircraft | Combat Ceiling Feet

11 Aur Vehicle AurVehicleAircraft | Weight - Internal Fuel Pounds

11 Air Vehicle AirVehicleAircraft | Weight - Maximum Gross Pounds

1.1 Air Vehicle AirVehicleAircraft | Weight - Maximum Ordnance Gross Pounds

14 Aur Vehicle AirVehicleAircraft | Weight - Useful Load Pounds

11 Air Vehicle AirVehicleAircraft | Airfframe Unit Weight Pounds per Cubic Meter

11 Air Vehicle AirVehicleAircraft | Empty Weight Pounds

11 Aur Vehicle AirVehicleAircraft | Structure Weight Pounds

11 Air Vehicle AirVehicleAircraft | Crew Size Quantity Crew Members

11 Air Vehicle AirVehicleAircraft |Number of Engines Quantity Engines

1 Air Vehicle AirVehicleAircraft | Combat Radius Nautical Miles
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Examples of Parameter Selection

* Selecting Parameters
* Development Contracts - Heritage

 Hardware Products - SWAP
* Hardware Products - Unique parameters

TECOLOTE RESEARCH PRT-282 5/20/2021
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Design Heritage

* Is this a development contract?

e If so, then future estimators will want design and development metrics to make full use of the CSDR’s nonrecurring
cost.

* For hardware WBS elements use heritage parameters:

e The magnitude of nonrecurring design and development effort will be influenced by the extent to which an existing
design 1s modified. A pair of heritage parameters, New Design and Predecessor System, are available to capture this
information.

At what WBS level is heritage meaningful? The level at which nonrecurring engineering cost is captured is a best
practice (e.g. every child element). If pressure to decrease the parameter count is present, consider placing heritage
parameters on only the subsystem parent levels.

26.WBS 29. TECHNICAL PARAMETER
ELEMENT 27. WBS ELEMENT NAME 28. ITEM TYPE
CODE a. PARAMETER NAME b. UNIT OF MEASURE

1.1.3.2.2.1 |Altimeter Heritage New Design Percent .

1.1.3.2.2.1 |Altimeter Heritage _ Predecessor System Descriptor H eri ta g e at

1.1.3.2.2.1 lAlftimeter PhysicalElec | Weight Pounds .

1.1.3.2.2.2 |Altitude Heading Reference Heritage New Design Percent Ch | |d

1.1.3.2.2.2 |Altitude Heading_Reference Heritage_ Predecessor System Descriptor

1.1.3.2.2.2 [Altitude Heading Reference PhysicalElec Weight Pounds

1.1.3.2.2.3 |Pitot Static System Heritage NewEDesign Percent e I e m e n tS

1.1.3.2.2.3 |Pitot Static System Heritage Predecessor System Descriptor

T.1.3.2.2.3 |Prot Static System PhysicalElec Weight Pounds

26.WBS 29. TECHNICAL PARAMETER
. ELEMENT 27. WBS ELEMENT NAME 28. ITEM TYPE
Hentage at CODE a. PARAMETER NAME b. UNIT OF MEASURE
1.1.3.2.2 Navigation Sensor Heritage New Design Percent
p are nt 1.1.3.2.2  |Navigation Sensor Heritage Predecessor System Descriptor
1.1.3.2.2.1 |Altimeter PhysicalElec Weight Pounds
e I e m e ntS 1.1.3.2.2.2 |Altitude Heading Reference PhysicalElec Weight Pounds

1.1.3.2.2.3 |Pitot Static System PhysicalElec Weight Pounds

TECOLOTE RESEARCH PRT-282 5/20/2021
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Size, Weight, and Power for Hardware Products

* Does this contract produce hardware (production or development prototypes)?

* If so, then future estimators will want product characteristics to make full use of the CSDR’s recurring
cost.

* For hardware WBS elements use size, weight, and power (SWAP) parameters:
* Hardware costs are often influenced by SWAP parameters. Typically this is a minimum to obtain for

every hardware child element. Three often-used parameters are: Use the subtype to get Weight, Volume,
and Power — Maximum Consumption Rate.

* For structural and mechanical items, Power does not of course need not be listed.
* Structure costs are often influenced by material choices. When applicable also add Material Mix.

TECOLOTE RESEARCH PRT-282
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Unique Parameters for Hardware Products

* Does this contract produce hardware (production or development prototypes)?
* If so, then future estimators will want product characteristics to make full use of the CSDR’s recurring

COst.

* In addition to SWAP, many hardware production have unique characteristics
* Additional general-purpose parameters for specific products are available. A sample 1s shown below.
Determine 1f there 1s a need for unique parameters for certain WBS elements. Further determine 1f these
are most applicable at child or parent levels.

TECOLOTE RESEARCH

COST AND SOFTWARE DATA REPORTING PLAN - TECHNICAL PARAMETER REQUIREMENTS
TECHNICAL PARAMETER REQUIREMENTS
26.WBS
| ELement 27.WBS ELEMENT NAME 28. ITEM TYPE 29. TECHNICAL PARAMETER
1.1.2221 |Antenna 1..n (Specify) Antenna Frequency Band List
1.1.2221 |Antenna 1...n (Specify) Antenna Aperture - Antenna Inches
1.1.2221 |Antenna 1...n (Specify) Antenna Number of Sub Arrays Quantity
112221 |Antenna 1._.n (Specify) Antenna Tunable Bandwidth Gigahertz
112221 |Antenna 1._.n (Specify) Antenna Type of Steering List
112221 |Antenna 1._.n (Specify) Antenna Bandwidth Gigahertz
1.1.4.2.1 Mission Computer Computer Simultaneous Multi-Mode Operation List
1.1.4.21 Mission Computer Computer Processor Type Descriptor
1.1.4.21 Mission Computer Computer Computing Performance Millions of Instructi
1.1.8.2.1.1 |Electro-optical System 1..n (Specify) Optics Aperture - Optics Inches
1.1.82.1.1 |Electro-optical System 1..n (Specify) Optics MNumber of Curved Elements Quantity
1.1.8.21.1 |Electro-optical System 1..n (Specify) Optics Number of Flat Mirrors Quantity
1.1.8.2.1.1 |Electro-optical System 1..n (Specify) Optics Number of Optical Companents - Moving Quantity
1.1.8.2.1.1 |Electro-optical System 1..n (Specify) Optics Field of View Degrees (Angle)

Antenna

Frequency Band

Aperture - Antenna

Number of Sub Arrays

Tunable Bandwidth

Type of Steering

Battery

Battery Capacity

Output Voltage

Type of Battery

Number of Battery Cells

Computer

Simultaneous Multi-Mode Operation
Processor Type

Computing Performance

ElecBox

Circuit Cards - Number of

Size of Printed Circuit Board

Circuit Cards - Number of Integrated Circuits
Integrated Circuit (IC) Part Quality

PRT-282

ElecBox

Circuit Cards - Number of

Size of Printed Circuit Board

Circuit Cards - Number of Integrated Circuits
Integrated Circuit (IC) Part Quality
EOIRLaser

Aperture - Optics

Number of Pixels

Pulsed or CW

Operating Band - FPA
GuidanceNav&Cntrl

Gyro Type

Stability - Inertial Reference Unit (IRU)
Redundancy

Number of Control Inputs and Outputs
LiquidEngines

Average chamber pressure

Thrust chamber length

Nozzle exit diameter

Optics

Aperture - Optics

Number of Curved Elements

Number of Flat Mirrors

Number of Optical Components - Moving
Field of View

LiguidEngines

Average chamber pressure
Thrust chamber length
Nozzle exit diameter
Optics

Aperture - Optics

Number of Curved Elements
Number of Flat Mirrors
Number of Optical Components - Moving
Field of View

RocketStage

Thrust - Maximum

Thrust - Average

Mass Fraction
TurretAssembly

Primary Material - Turret
Motorized Turret

Drive Stabilized Turret
Depression

Elevation

Traverse

Cupola Height

5/20/2021
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The Enabling Data Models: FlexFile, Quantity, and Technical

FlexFile Cost and

Hour Report

Quantity Data
Report

Technical Data
Report

TECOLOTE RESEARCH

Identical

r-—=—=—=-=-====="== = = = = = = = = 7

Report Metadata

Approved Plan Number
Submission Event
Period of Performance
Reporting Organization
As of Date

Date Prepared

more in the DID...

DD Form 2794 Data Elements

WBS Element
Order/Lot
End Item

Report Metadata

Approved Plan Number
Submission Event
Period of Performance
Reporting Organization
As of Date

Date Prepared

more in the DID...

DD Form 2794 Data Elements

WBS Element
Order/Lot
End Item

Actuals To Date (ATD)

Account

Reporting Period

Nonrecurring or Recurring
Functional Category / Overhead
Standard Functional Category
WBS Element

Order/Lot

End Item

ATD (Dollars and Labor Hours)
more in the DID...

Forecasts At Completion (FAC)

FAC (Dollars)
FAC (Labor Hours)

Quantity at Completion

WBS Element

Order/Lot

End Item

Delivered Quantity At Completion
more in the DID...

Assessed Quantity to Date

WBS Element

Order/Lot

Quantity Completed To Date
Quantity In Process

Remarks

Report Metadata

Approved Plan Number
Submission Event
Period of Performance
Reporting Organization
As of Date

Date Prepared

more in the DID...

DD Form 2794 Data Elements

WBS Element
Order/Lot
End ltem

Technical Data Parameters

Mapping ID

Item Type

Technical Parameter Name
Value

Unit of Measure
Estimate/Actual

more in the DID...

Technical Data WBS Mapping ID

Mapping ID
WBS Element
End ltem
Order/Lot
Remarks

PRT-282

Definitions and Remarks
WBS Element Definitions
Remarks by WBS Element
Summary Remarks

Summary Elements
Order/Lot

Subtotal

General and Administrative
Undistributed Budget
Management Reserve

Facilities Capital Cost of Money
Contract Fee

Contract Price

Allocation Methodology

Allacation Method

Sequencing (as required by Plan)

First Unit Number
Last Unit Number
Is Internal

5/20/2021
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Power Bl Sample Case Assumptions

B The Submission File has the following assumptions:

e File Information:
— The WBS Structure is based off of MIL STD 881E for Aircraft
— The FlexFile is reporting to three Lots
— There is a single variant (VAR A)

e Lifecycle of the Files:
— The contract is a development contract delivering the first lots in the phase Low Rate Initial Product
(LRIP)

— The Submission File is the Final FlexFile, Quantity File, and Technical Data Report to be submitted on
the contract effort/ plan task
This means that the cost To Date has to be more than 95% complete

TECOLOTE RESEARCH PRT-282 5/20/2021
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Power Bl Import Submission Data

File Home Insert Modeling View Help
4 Ble (@ BE b B [ dEd B & o
[] I co F B H ©) _f - =+ A ﬁ ax axx al”
Paste ) Get |Excel PowerBl SQL Enter Recent Transform Refresh New Text More New Quick Publish
¥ Fo dataw datasets Server data sourcesw datawv visual box visuals« measure measure
Clipboard Data Queries Insert Calculations Share e
il Y Filters % >  Visualizations > Fields >
@ l /O Search I % I.E.H. E ﬂ]ﬂ E lﬂ.ﬂ. /O Search
4 P A M B e &2
Filters on this page |[E|] g |£ @ @ ﬁ
(GIRZIEN
Add data fields here @ @ R py E
=8 [1 f# @

B Import three Excel files:
e FlexFile Cost and Hour Report
e Quantity Data Report
e Technical Data Report

PRT-282 5/20/2021

TECOLOTE RESEARCH



Presented for the ICEAA 2021 Online Workshop - www.iceaaonline.com

Power Bl Data Preparation

File Home Help Table tools
Gl e ["EEE (o B[ =8 B & B A AL " Clean Data.
45 HH EHH 1 ’
A .
Lin H LA LD @ o B Lo =] cEH H q A [l e Create Mapping
Paste ~ Get  Excel Power Bl Enter Recent Transform Refresh Manage New  Quick New New Manage View Publish .
datav datasets Server data sourcesv data~ relationships =~ measure measure column table roles as I D f|e | d fOF the
Clipboard Data 1ps Calculations Security Share F I ex FI Ie A C tu a /
@ Transform data C t H D t
iul X Vv ost-Aour vata
I_%., Data source settings Table an d
E Order or Lot ID Iz’ CLIN ID E‘ End Item ID IZ’ WBS Element ID E g or Recurring ID E' Functional Category ID El FunctionalOverhead Category ID E|
1 CLIN1 Var-A 1.1.31 2| Edit paramete ING EngOH OverheadCategoryl ENGINEERING Quantlty File
@E 1 CLIN1 Var-A 1.1.3.1 ING EngOH OverheadCategory1 ENGINEERING Quan tities At
1 CLIN1 Var-A 1.1.31 ING EngOH OverheadCat 1 ENGINEERING H
o i b il Completion table
1 CLIN1 Var-A 1.1.3.1 JTPH-SCHI-QYXY NONRECURRING EngOH OverheadCategoryl ENGINEERING .
1 CLIN1 Var-A 1.1.31 JTPH-SCHJ-QYXY NONRECURRING EngOH OverheadCategoryl ENGINEERING ¢ CO m b In e
T CLINL _ VarA Bl JTPH-SCHJ-QYXY NONRECURRING EngOH OverheadCategoryl ENGINEERING TEChnICG/ Data
Home Transform Add Column View Tools Help ~ Report a N d
=1 x‘ D D EE. [:25 Properties L Y EBX 4 |_|'_| % Data Type: Text ~ @ Merge Queries *  — Text Analytics F I ex Fi Ie A Ctua/
= @ [}Advanced Editor x EEEI EEEI Ei ! "1 Use First Row as Headers ~ & & Append Queries ¥ €@ Vision d
Close & Recent  Enter Data source Manage Refresh Choose  Remove Keep Remove Split  Group . . COS t-HO Ur a ta
Apply ~ Source ~ Sources™ Data settings Parameters ™  Preview ™ [ Manage © Columns ¥ Columns™ Rows~™ Rows~ Column~ By 2 Repiace Vallies - | Gornhipe flles A Azie Madhine fearning table a n d
Close New Query Data Sources  Parameters Query Manage Columns Reduce Rows Sort Transform Combine Al Insights Q . . I
| | uantity File
Queries [15] < fk = Table.AddColumn(#"Changed Typel", "Mapping_ID", each [WBS Element ID]&"_"&[End Item ID]&" "&[Order Query Settings X . ),
~ | - J Quantities At
Lo Actual Cost-Hour Data 7. A% Order or Lot ID > | ABc End Item ID = | AB- WBS Element ID ¥ ||123 Delivered Quantity At...| > | 123 Internal Quantity At... |* 4 PROPERTIES .
o ] = — 2| Mo Completion Table
Technical Data Parameters 1 |11 Var-A 1:1 i3 b . M H
A o
Quantities At Completion 2 | Var-A 199 1 Quantities At Completion y usl ng d p p N g
WBS Mapping 3 |1 Var-A 1422 2 All Properties ID from three
FAC Cost-Hour Data + & il =2 1 4 APPLIED STEPS ta b I es
. 5 |4 Var-A 1.1.3.1 9
Quantities To Date o I
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Mapping_ID

1.1.1_Var-A 1
1.1.1_Var-A_1
1.1.2_Var-A 1

1.1.2_Var-A 1
1.1.2_Var-A 1

1.1.3.1_VarA_1
1.1.3.1_VarA 1
1.1.3.2_VarA 1
1.1.3.2_VarA 1
1.1.3.3 VarA 1
1.1.3.3_VarA 1
1.1.3.4_VarA 1
1.1.3.4_VarA 1
1.1.35 VarA 1

P N L T
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Power Bl Report: Explore Metrics

WHBS Element

Alrframe
Airframe
Propulsion

Propulsion

Propulsion

Flight Control Subsystem
Flight Control Subsystem
Hydraulic Subsystem
Hydraulic Subsystem
Electrical Subsystem
Electrical Subsystem
Landing Gear

Landing Gear

Fuel Subsystem

[

Technical Parameter Name

Volume
Weight
Thrust (at Sea Level, Standard
Conditions)
Volume
Weight
Volume
Weight
Volume
Weight
Volume
Weight
Volume
Weight
Volume

P

Value

700.0
7000.0
8000.0

525.0
1000.0
1225.0
7000.0
1225.0
8000.0

175.0
4000.0

700.0
7000.0
1400.0

Ao o

Unit of Measure Value (Dollars)

Cubic Inches
Pounds
Pounds

Cubic Inches
Pounds
Cubic Inches
Pounds
Cubic Inches
Pounds
Cubic Inches
Pounds
Cubic Inches
Pounds
Cubic Inches

[ T

$16,361,566
$16,361,566
$38,578,854

148,419.00
148,419.00
391,020.00

$38,578,854
$38,578,854
$112,053,550
$112,053,550
$873,382,856 7,953,400.00
$873,382,856 7,953,400.00
$1,341,614,304 12,091,891.00
$1,341,614,304 12,091,891.00
$17,165,745 156,331.00
$17,165,745 156,331.00
$717,183,680 6,512,547.00

STa T ann e ~ ran e Ao

351,020.00
351,020.00
1,021,644.00
1,021,644.00

2337367
233737
4,822 36

73,483.53
38,578.85
91,472.29
16,007.65

712,965.60
109,172.86
7,666,367.45
335,403.58

24,522 49
245225

512,274 06

e e

Technical Parameter Name

Value (Hours) Metric in Dollars Metric in Hours

212.03
21.20
43.88

668.61
351.02
534.00
145.95
6,492 57
994.18
69,096.52
3,022.97
22333
22 33
4,651.82

N

WBS5

Nonrecurring or Recu._. Standard Category ID Functional Categ._.

TECOLOTE RESEARCH

Select all

NONRECURRING

RECURRING

Order or Lot ID

m] selectall
1

2

3

Select all
DIRECT_ENGINEERING_LABCR

DIRECT_MANUFACTURING_OTHER_...
DIRECT_MANUFACTURING_TOUCH_...

DIRECT_MATERIALS
ENGINEERING_LABOR_OVERHEAD

FACILITIES_CAPITAL_COST_OF_MO.__.

GENERAL _AND_ADMINISTRATIVE

MANUFACTURING_OPERATIONS_LA...

MATERIAL_OVERHEAD
OTHER_DIRECT_COSTS
OTHER_OVERHEAD

Select all
DirEngLab
DirEnglLab2?
DirEngLab3
DirEngLab4
DirEngLab5
Dirat
DirvifgOpsLabi
DirlifigOpsLab2
EngOH

FCCM

GA

MatoH
MigOpsCOH
OtherDir
OtherOH

PRT-282

Power - Supply Performance Period

Power Specific Fuel Consumption (S...

Power-to-Weight Ratio

Range - Radar

Reflector Area

Rotor Inlet Temperature

Shaft Horsepower (SHP)
[] Technology Readiness Level (TRL)
[] Test Flight Points
[] Test Flight Sorties

Thrust (at Sea Level, Standard Condi...

[] Thrust to Weight ratio
Volume

[] volume of Electrical Power System
Weight

[] Weight - Electronics

] Weight - Structural

Select all

1.0 Aircraft System

1.1 Air Vehicle

1.1.1 Airframe

1.1.2 Propulsion

1.1.3 Vehicle Subsystems

1.1.3.1 Flight Control Subsy

1.1.3.2 Hydraulic Subsystem
1.1.3.3 Electrical Subsystem
1.1.3.4 Landing Gear
1.1.3.5 Fuel Subsystem
1.1.4 Avionics

1.1.4.1 Communication/lden...

1.1.4.2 Navigation/Guidance
11 A 2 Miccinn ("nmm er/D

Notional Data
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Power Bl Report: Explore Unit Cost Metrics

WBS Element

111 VarA 3  Airframe Weight 7000.0 Pounds
112 VarA 3  Propulsion Weight T
1.1.3.1_Var-A_3 Flight Control Subsystem Weight 7000.0 Pounds
1132 VarA_3 Hydraulic Subsystem Weight 8000.0 Pounds
1.1.3.3 VarA 3 Eleclrical Subsystem Weight 4000.0 Pounds
1.1.3.4 VarA 3 Landing Gear Weight 7000.0 Pounds
1135 VarA_3 Fuel Subsystem Weight 3000.0 Pounds
1.1.4.1_VarA_3 Communication/identification Weight 8000.0 Pounds
1.1.4.2 VarA 3 Navigaion/Guidance Weight 4000.0 Pounds
1143 VarA_3 Mission Computer/Processing Weight 7000.0 Pounds
1.1.4.4 Var-A_3 Fire Control Weight 7000.0 Pounds

Technical Parameter Name Value  Unit of Measure Value (Dollars) Value (Hours) Quantity Unit Metric in Dollars  Unit Metric in Hours

$4,355,457 41,200.00 155.95 1.47
$8,811,026 83,690.00 1,101.38 10.49
$26,818,236  252874.00 957.79 9.03
$224.842 149 2,120,142.00 7,026.32 66.25
$344,035,513 3,227,799.00 21,502.22 201.74
$4,710,282 43,699.00 168.22 1.96
$200,352,110 1,838,820.00 16,696.01 153.24
$3,352,949 31,260.00 104.78 0.98
$5,864,353 94,991.00 366.52 3.41
$6,127.445 57,520.00 218.684 205
$14983977  140,854.00 535.14 5.03

Mapping_ID
F

P - - - Y

Technical Parameter Name WBS

[m] Select all Select all

[] Aperture - Antenna 1.0 Aircraft System

[] Application Specific Integrated Circuit. | 1.1 AIr Vehicle

Array Beams 1.1.1 Airframe

Bandwidth 1.1.2 Propulsion

Battery Capacity 1.1.3 Vehicle Subsystems
Circuit Cards - Number of 1.1.3.1 Flight Control Subsy. &

MNonrecurring or Recu. ..

[m] Select all

[] NONRECURRING
RECURRING

Standard Category ID
Select all
DIRECT_EMNGINEERING_LABOR
DIRECT_MANUFACTURING_OTHER_...
DIRECT MANUFACTURING TOUCH ...
DIRECT MATERIALS DirEngLab4
ENGINEERING_LABOR_OVERHEAD DirEnglab5
FACILITIES_CAPITAL_COST_OF MO. Dirtvat

Functional Categ. ..
Select all
DirEngLab1
DirEngLab?
DirEngLab3

Order or Lot ID
[m] Select all

TECOLOTE RESEARCH

L1 GENERAL_AND_ADMINISTRATIVE

12
3

MANUFACTURING_OPERATIONS LA ..

MATERIAL_OVERHEAD
OTHER_DIRECT_COSTS
OTHER_OVERHEAD

DifvifgOpsLab1
DifMfgOpsLab2
EngOH

FCCM

GA

MatCoH
MigCpsOH
OtherDir
OtherOH

PRT-282

O0000oooOoood

L
0

Computing Performance

Depth of Discharge

Field Programmable Gate Array (FPG...
Frequency of Government Program ...
Frequency Range

Fuel Capacity

Fuel Consumption Rate

Gyro Random Walk

Inertial Measurement Unit (IMU) Drift ...
Maximum Power Density

1.1.3.2 Hydraulic Subsystem
1.1.3.3 Electrical Subsystem
1.1.3.4 Landing Gear

1.1.3.5 Fuel Subsystem

1.1.4 Avionics

1.1.4.1 Communication/lden...

1.1.4.2 Navigation/Guidance
1 1 A 3 Miccinn (Cnmmder/B

Notional Data
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OrderorlotlD & v
[w] Selectall

12
13

Technical Parameter Name
W] Selectall
New Design
[] Technology Readiness Level (TRL)

WBS
[m] Selectall
[ 1.0 Aircraft System
1 1.1 Air Vehicle
1.1.1 Airframe
1.1.2 Propulsion
[1 1.1.3 Vehicle Subsystems
1.1.3.1 Flight Control Subsystem
1.1.3.2 Hydraulic Subsystem
1.1.3.3 Elecirical Subsystem
1.1.3.4 Landing Gear
1.1.3.5 Fuel Subsystem
1.1.4 Avionics
1.1.4.1 Communication/ldentification
1.1.4.2 Navigation/Guidance
1.1.4.3 Mission Computer/Processing
1.1.4_4 Fire Control
1.2 Systems Engineering
1.3 Program Management
1.4 System Test and Evaluation

TECOLOTE RESEARCH
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Power Bl Report: Explore Nonrecurring/Recurring Metrics

Ratio Nonrec/Rec by Name

Hydraulic Subsystem
Landing Gear
Communication/ident. ..
Flight Control Subsy ...
Mission Computer/Pr. ..
Airframe

Fire Control

Electrical Subsystem
Fuel Subsystem
Propulsion

Navigation/Guidance

)
(=}
=
tn
-
-]
o

Ratio Nohrec:‘Rec

Ratio Nonrec/Rec vs Percent New Design

Ratio Nonrec/Rec

20

50
Percent New Design

PRT-282

Order or Lot ID
[m] Select all
1
=2
3

Technical Parameter Name
[m] Select all
[] New Design
Technology Readiness Level (TRL)

WBS

[m] Select all

[] 1.0 Aircraft System

[1 1.1 Air Vehicle
1.1.1 Airframe
1.1.2 Propulsion

[] 1.1.3 Vehicle Subsystems
1.1.3.1 Flight Control Subsystem
1.1.3.2 Hydraulic Subsystem
1.1.3.3 Electrical Subsystem
1.1.3.4 Landing Gear
1.1.3.5 Fuel Subsystem
1.1.4 Avionics

1.1.4.1 Communication/Identification

1.1.4.2 Navigation/Guidance

1.1.4.3 Mission Computer/Processing

1.1.4.4 Fire Control
[] 1.2 Systems Engineering
[1 1.3 Program Management
[1 1.4 System Test and Evaluation

Ratio Nonrec/Rec by Name

Ratio Nonrec/Rec vs TRL

Ratio Nonrec/Rec

Hydraulic Subsystem
Landing Gear
Communication/ldent...
Flight Control Subsy...
Mission Computer/Pr...
Airframe

Fire Control

Electrical Subsystem
Fuel Subsystem
Propulsion

Mavigation/Guidance

20

10
Ratio Nonrec/Rec

5
Technology Readiness Level (TRL)

15

Notional Data
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Repeatable Tech Data Process

Core by Phase
ITEM UNIT OF
TYPE SUBTYPE FARAMETER NAME MEASURE Dev |Prod (O&5
ElecBox Clock Speed Megahertz A
ElecBox ASIC -Gate Count Quuantity A
E lecBox FPGA -Gate Count Quantity X | X
ElecBox Transmitter Power Output - P eak Watls XX
ElecBox Numberof Receiver Channels Quant'rt'.r XX
Government CWIPT T TT— T

v' Start with Core Parameters by Commodity & Phase
v" Refine Contract-Specific Parameters using Technical
Data Vocabulary Database

Standard CSDR Plans and CADE Technical

Vocabulary

v Review other Contractual CDRL Requirements to Bor Te chnolooy Readiness Lewe AL | Lt
e e . . . Identification |MSH Name/Number X | X
Minimize Duplication Operational _|Maintenance Level List X | x
H H H H Cperational  [M Time Bet Failure (MTBF} H XX B
v Flnallzg Reqwrement_s for the Contractlng Process E%hé:g TﬁszE'zsgir;ﬁm HEEE X% TWTA unit cost = 72.6 x (WT}*0.632 x (Q)-0.293 x (Power}*0.38
*Technical Data Reporting, DD 2794 Supplement & Re=0787
Submission Events [———
*Revise generic Technical Data CDRL (DD 1423) to Program FAT -l N T
Specifics CODE NAME a. PARAMETER NAME  |b. UNIT OF MEASURE| c. UNIT OF MEASURE QUALIFIER |d. REPEATABLE|  e. REMARKS
- - [Air Vehicle [Air Vehicle Crew Size Quantiy
v' Participate in pre / post award conferences to ensure P O e i A
Tech Data requirements are well understood e | Tmcaoner st et
Industry
v Receive requirement via RFP e —— Future Quality
v Bid accordingly " i |1 Estimates
v Participate in pre / post award conferences to ensure ; ew

g Weight Pounds . .
Nacele Phys\ca\Omer Material Mix 1...n -

heceke il o AR o Data-rich CADE Repository
Nacelle Phys\ca\S(ruc Volume
Nacelle PhysicalStruc | Weight

Tech Data requirements are well understood and can
be effectively met
v' Submit report(s) as required with cost reports
Government DCARC/TURF Team

PREVIOUS EDITION IS OBSOLETE

v" Validate Submission w =
v" Place into CADE T
Contractor submits s e

1.1.1.2 ElecBox

technical data by WBS L)oo f Bo it ____L___ti e e e o
element per plan

Source: Technical Data Advocacy for Industry 6/26/2019;
https://cade.osd.mil/policy/techdata
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CARDs Using Same Vocabulary

il UNCLASSIFIED, Controlled Unclassified Information

* Best Practice: Use the same vocabulary in the Program CARD [ #Re Tevte: Fue arduare Technical Table
and in the TDR R s

WBS/CRS Element Parameter Name Value Unit of Measure Unit Qualifier
Number

A Tech Data Report pertains to a contract; A CARD pertainstoan [, et sytem
entire program life cyde. m Neombur of Engines ooty S

11 Combat Radius Nautical Miles
. . 1 . 12 Weight - Empty Pounds
* An early CARD will contain the Government's forecast prior to
14 Combat Ceiling Feet
M 15 Weight - Internal Fuel Pounds
delivery of a contract Tech Data Report : Wit G
17 Weight - Maximum Ordnance Gross Pounds
H 1 18 Weight - Useful Load Pounds
* A Program Office may use the Tech Data Report to satisfy or el desh)ond
. . . 20 Empty Weight Pounds
augment their CARD requirements after a Tech Data Report is e g
pry 1.1.1 Airframe
. 23 New Design Percent
O bta I n e d . 24 Technology Readiness Level (TRL) List
25 Volume Cubic Inches
26 Weight
27 Wing Chord
28 Wingspan
Py 1.1.2 Propulsion
30 New Design
q q q COST AND SOFTWARE DATA REPORTING PLAN - TECHNICAL PARAMETER REQUIREMENTS E
CARD captures a subset of total requirements — primarily a program
. . . 29. TECHNICAL PARAMETER
office point of view. 26. wes
: : EI.;E:DEENT 27. WBS ELEMENT NAME 28. ITEM TYPE R ) o |8 UNg UOAT_::ESU
Total Cost Community Requirements
: Air Vehicle AirVehicleAircraft | Crew Size Quantity Crew Members
f' 2 Air Vehicle AirVehicleAircraft | Number of Engines Quantity Engines
PMP - Air Vehicle AirVehicleAircraft | Combat Radius Nautical Miles
e 11 Air Vehicle AirVeh@cleA@rcraﬁ Engine Type List
o roved | onmsea [ | TSt | T oas | software : Air Velicle AiVohicieAkoral | Spood - aman Ko
ss‘t:,,':i Roles Contract ;:::f:y M:::::e Data, Te:)l;r:;cal 08s Detail Detail cost : Air Vehicle AirVehicleAircraft mms List
SWAP, 1.1 Air Vehicle AirVehicleAircraft | Nuclear Environment Survivability List
Heritage % Air Vehicle AirVehicleAircraft | Supersonic Survivability List
g Air Vehicle AirVehicleAircraft | Combat Ceiling Feet
= Air Vehicle AirVehicleAircraft |Weight - Internal Fuel Pounds
11 Air Vehicle AirVehicleAircraft | Weight - Maximum Gross Pounds
: Air Vehicle AirVehicleAircraft | Weight - Maximum Ordnance Gross Pounds
Technical Data Report M/R SRDREIEXF” E Air Vehicle AirVehicleAircraft [Weight - Useful Load Pounds
. Air Vehicle AirVehicleAircraft | Aiframe Unit Weight Pounds per Cubic Meter
11 Air Vehicle AirVehicleAircraft | Empty Weight Pounds
/ : Air Vehicle AirVehicleAircraft Pounds
CDRLs _captgre a subset of total_ requ:rgments : FVTE AirVenicloAircrat Quantity Crow NMembers
\ - Pr[mar],’y a contractor’s pomt of view : Air Vehicle AirVehicleAircraft TD R P I a n Quantity _ Engines
11 Air Vehicle AirVehicleAircraft Nautical Miles
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Conclusion

Controlled Vocabulary Taxonomy —
£

>

=z

Cost
Non-cost

S

@

= Controlled Vocabulary Taxonomy —
g

Where is the cost community on the path to machine understanding?
Where is your organization on the path to machine understanding?

Where are you on the path to machine understanding?
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