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Abstract
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 There 1s a clear need for complete and thorough data in any analysis:

 The best methodology and analysis are limited efforts without a firm
basis in sound, applicable, and well-documented data

* The Missile Defense Agency’s (MDA’s) contractor cost data
collection and validation process enhances data resources

- Importance of cost data

- Sources of contractor cost data

- Data collection challenges

- Validation of contractor cost data
- Successes

- Challenges

- Path Forward
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Importance of Data



Six Degrees of Separation
— Travers & Milgram
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* 1969 study examining the “small world problem™
- “What is the probability that any two people [in a large population]
will know each other?”

- Given a target individual, can we form a chains of acquaintances
between arbitrary members of the population and the target?

» Attempted to reach a particular stockbroker in Boston with a
given set of personal information (name, hometown, college, etc.)
 Chain started with 296 volunteers:

- 100 Nebraska residents (random)
- 96 Nebraska stockholders
- 100 Boston-area residents (random)

* Of the original 296 volunteers, 217 mailed the materials to
acquaintances

(Travers & Milgram, 1969)



Six Degrees of Separation
— Travers & Milgram (2)
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The final sample contained only 64 successful chains to the target
 Results: .

- Mean of complete chains: 5.2 links
- Two underlying distributions:

— Via hometown: mean 6.1 links

— Via Boston business contacts: mean
4.6 links

 The mean number of intermediaries
“somewhat greater than five”
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 Eventually, this research lead to the
popular i1dea of “six degrees of
separation”
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(Travers & Milgram, 1969)



Introduction: More Data is Powerful
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* More recently, Microsoft researchers Leskovec & Horvitz
examined 30 billion conversations among 180 million users

* The volume and resolution of the data allowed researchers to:

- Support a larger “degree of separation,” approx. 7

- Examine conversation trends across distance, time, and user
characteristics

- Demonstrate increased conversation frequency and duration based on
users’:

— Similar age
— Similar language
— Similar location

— Opposite gender
* Key point: more data yields deeper insights

(Leskovec & Horvitz, 2007) °



Introduction: More Data is Powerful (2)

(Leskovec & Horvitz, 2007) /
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Introduction: More Data is Powerful (3)
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The conclusions made from analysis of small data sets can
predisposition decision-makers even in the face of more thorough
analysis.

The prevalence of the “6 degrees of separation” notion lies in
repetition bias.

The Microsoft research clearly disproves the popular notion.
Intuitively, people seem more connected today than in 1969;
however, if the amount of data points analyzed recently could have
been analyzed 1n 1969, then the notion of “6 degrees of separation™
may never have been concluded or popularized.

This should serve as a warning to analysts and decision-makers to
question the size of data sets and stress the importance of robust,
verified data.



Data Are the Foundation of Cost Estimating
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g * The quality of a cost estimate depends largely
on the quality of the data collected

Analysis

* History of cost estimating demonstrates that, to
/ Ground Rules \ successfully defend a cost estimate, we need:

&
Assumptions . . .
- - Sound, quantitative cost data (not conjecture)
ata , :
/ (Cost, Technical, Schedule) \ = A detalled understandlng Of the data
(MDA, 2012) (costs, prices, technical and programmatic
aspects)
Analysts spend the - Awareness of problems or weaknesses in the
majority of their time data

developing techniques and

honing tools, when the - Willingness to discuss or share data with critics
most important focus

should be on the quality | °® Data are the lowest level of abstraction from
and quantity of data. which information and knowledge are derived
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How Much Data Do We Need?
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* Spoiler Alert: More!

* The complex environment of cost
analysis requires that estimators respond
to an ever-increasing number of
programmatic and technical changes
when developing a cost estimate

 The need for data grows as we add more
variates to a regression model

- General rule of thumb:

(Public Domain) — >10 data points in the training set for
every variable

— 1/3 of data kept aside for a test set

- Then, for a 10-variate model, we would
need at least 150 data points

10



Common Challenge: Specialized Hardware
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* To further complicate the subject of data
quantity, the U.S. Government produces
specialized hardware with few directly
applicable analogies

 Analysis 1s greatly limited when analysts
only have access to cost data at the top
level, like the Kill Vehicle level

 However, lower levels of cost and technical
detail (attitude control system level or
power system level) will have many more
analogous data points

* To this end, the MDA developed a Kill
Vehicle WBS proposed for inclusion in
Kill Vehicle Photo, MDA Public Website VI I[L-STD-881C

(MDA, 2002)
11



Interceptor on Launch Pad,
MDA Public Website

(MDA, 2002)

Kill Vehicles - Overview
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« Kill Vehicle is a guided weapon that utilizes hit-to-kill
technology after separation from a boosting vehicle

* MDA 1s developing and fielding ballistic missiles that
are multi-stage solid fuel boosters with kill vehicle
payloads, these include:

- Ground-Based Midcourse Defense (GMD) Exo-
atmospheric Kill Vehicle (EKV)

- Aegis Ballistic Missile Defense (ABMD) Kinetic
Warhead (KW)

- Terminal High Altitude Area Defense (THAAD) Kill
Vehicle (KV)

* New WBS needs to support existing and new
Kill Vehicle technologies that may include
common KV component developments

(Tarin, Tetrault, & Smart, 2014)
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Proposed Hybrid KV WBS

C.3 WORK BREAKDOWN STRUCTURE LEVELS
WBS# 1 2 3 4 5 6

DOC - Cost Estimating and Analysis Directorate =

C.3 WORK BREAKDOWN STRUCTURE LEVELS
WBS# 1 2 3 4 5 6

1.1.8 Kill Vehicle

1.1.8.1 Kill Vehicle Structure and Harnesses

1.1.8.2 Divert and Attitude Control System (DACS)

1.1.8.2.1 DACS Integration, Assembly, Test and Checkout
1.1.8.2.2 Divert Subsystem

1.1.8.2.3 Attitude Control System

1.1.8.24 Gas Generator/Structure

1.1.8.2.5 Controller Electronics

1.1.8.2.6 Ordnance Initiation Set

1.1.8.2.7 Flight Termination System

1.1.8.2.8 DACS Software Release 1...n

1.1.8.3 Power and Distribution

1.1.8.3.1 Power and Distribution Integration, Assembly, Test and Checkout
1.1.8.3.2 Primary Power

1.1.8.3.3 Power Conditioning Electronics

1.1.8.34 Distribution Harness

1.1.8.3.5 Power and Distribution Software Release 1...n

1.1.8.4 Guidance and Control Processing

1.1.8.4.1 Guidance and Control Processing Integration, Assembly, Test and Checkout
1.1.8.4.2 Seeker Assembly

1.1.8.4.3.1 Seeker Integration, Assembly, Test and Checkout
1.1.8.4.3.2 Optical Telescope Assembly

1.1.8.4.3.3 Focal Plane Array

1.1.8.4.3.4 Cooling Assembly

1.1.8.4.3.5 Electronics

1.1.8.4.3.6 Gimbal Assembly

1.1.8.4.3.7 Seeker Software Release 1...n

1.1.8.4.3 Guidance Computer

1.1.844 Guidance and Control Processing Software Release 1...n

(Tarin, Tetrault, & Smart, 2014)

1.1.8.5 Navigation

1.1.8.5.1 Navigation Integration, Assembly, Test and Checkout
1.1.8.5.2 Sensor Assemblies

1.1.8.5.3 Navigation Software Release 1...n

1.1.8.6 Communications

1.1.8.6.1 Communications Integration, Assembly, Test and Checkout
1.1.8.6.2 Communications Subsystem

1.1.8.6.3 Antenna Assembly

1.1.8.6.4 Communications Software Release 1...n

1.1.8.7 Reserved

1.1.8.8 Kill Vehicle Integration, Assembly, Test and Checkout
1.1.8.9 Systems Engineering

1.1.8.10 Program Management

1.1.8.11 System Test and Evaluation

1.1.8.12 Peculiar Support Equipment

1.1.8.13 Common Support Equipment

13
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Sources of Contractor Cost Data

14



Complexity of Financial Data

e Variations:

- Detail:

— System Level (“Kill Vehicle,” “Missile System™)

— Component Level (“Focal Plane Array,” “Guidance Control Processor”)
- Insight:

— Government purchase price

— Actual cost and effort expended in design or production
- Break-Outs Shown:

— Material / Labor

— Recurring / Non-Recurring

— Cost / General and Administrative Cost / Fee or Profit or Loss
— Direct / Overhead

 Analysts must understand the context of data

15
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Contract Data
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“Contract data” 1s available, but not optimal for cost estimation:

* Negotiated price may not be representative of the contractor’s actual
expenditures due to confounding factors:

- Contractor and government projections of cost and risk throughout
contract

- Budget stability

- Performance and profit incentives and other program context

 Consider a Firm-Fixed Price contract or Contract Line Item (CLIN):

- The cost estimator cannot extract the actual cost, general and
administrative expenses, the cost of money, or profit/loss

- Therefore, the cost estimator cannot accurately predict a comparable
future effort, particularly if the new effort requires a different
contracting strategy

16



Earned Value Data
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e Earned Value data may not be 1deal for cost estimation

* Improvements over contract data:

- Based on a product-oriented Work Breakdown Structure (WBS)
- Captures program evolution over time

* However, because Earned Value focus on value and management of
high-risk efforts, there are shortfalls when used for cost estimation:

- General and Administrative (G&A) costs not segregated

- Fee may not be included

- WBS detail may not be deep enough to identify cost drivers
- Non-recurring and recurring costs are not segregated

- May not represent full contract scope

17



Contractor Cost Data Reports
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* Contractor Cost Data Reports (CCDR) are designed to fully capture
the actual costs needed for future estimation

* In accordance with DoD policy, MDA policy requires that CCDRs
are placed on:

- All contracts and subcontracts >$50 Million

- High-risk or high-technical-interest contracts >$20 Million

* CCDR should follow the product oriented Work Breakdown
Structure (WBS) and should be:

- Consistent with Earned Value Integrated Program Management Report
(IPMR) or Contractor Performance Report (CPR)
- Consistent with the WBS defined in MIL-STD-881C

* MDA regularly consults with OSD-CAPE 1n the determination of

requirements and processes .



What Is “Actual Cost?”
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e “Contractors must submit actual cost data.”
Data Item Description for DD Form 1921, DI-FNCL-81565C Use/Relationship

» “Actual Costs: the costs sustained in fact, on the basis of costs
incurred, as opposed to standard or predetermined costs. Estimated
actual costs may be used for actual costs that have not been recorded
in the books of record, when based on verifiable records such as
invoices and journal vouchers that have not yet been accrued in the
books of record, to ensure all valid costs are included. Actual costs to
date include cost of direct labor, direct material, and other direct
charges specifically identified to appropriate control accounts as
incurred, and any costs and general administrative expenses allocated
to control accounts.”

DoDM 5000.04-M-1 Glossary Part Il (Cost and Software Data Reporting (CSDR) Manual)

19



Information in CSDRs

Cost Reports
1921: Cost Data Summary Report

Nonrecurring/recurring breakout
Cost to date and at completion
Cost only, i.e. without Fee, G&A, FCCM, UB, ...

1921-1: Functional Cost Hour Report

* Nonrecurring/recurring broken out by Engineering,

Manufacturing, Materials, and Other Costs
Cost to date and at completion
Labor Hours reported for Labor Dollars

1921-2: Progress Curve Report:

Technical characteristics (weight, speed, power)
Recurring costs by unit and/or lot
Cost to date

1921-3 : Contractor Business Base:

Entire business base of department that includes MDA
contract

Engineering, Manufacturing, Materials, and Other
Costs

Direct cost, hours, and manpower
Indirect labor, benefits, payroll taxes, etc.

DOC - Cost Estimating and Analysis Directorate
1921-4: Contractor Sustainment Report

* Nonrecurring and recurring breakout
* Cost to date and at completion

* Unit-level manpower, unit operations, maintenance,
sustaining support, continuing system improvements

Software Reports

2630-2: Software Resources Data Reporting: FINAL
* New, reused, generated SLOC

* Hours by Software Activity Name

2630-3: Software Resources Data Reporting: FINAL:

Final metrics of all reported information on the initial
report

MDA’s Cost Estimating and Analysis
Directorate decides which reports to
require based on the content of the
procurement.

20
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Data Collection

21



Contract Setup
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Proper contract setup 1s the first
step to collect high-quality cost
data.

For that step, the most important
1ssue becomes coordination.

Why?




CSDR Contract Requirements
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CPR/IPMR* \ [ MDA/DOV Prepares Contract

I Coordinates.gn Document
N MDA/DOC
Contract WBS Contr.ac.tor
(CWBS) & WBS Used By or Maps To g Prepares Prepares Submission
Dictionary CSDR* Plan <
p e DD 2794 ! Stakeholder
efines I
Defines Per-Element ; :
Requirements ! Policy
(DD 1921) = i Document
& SRDRs* !
(DD 2630) 1 References
Defines K C(;;lt:'act
. : ata
Contractually Requires & Defines
Data Item A A Requirement |«
Descriptions | Authorizes p List (CDRL)
(bIps) '\ » DD 1423 Approves
] I
& Templates i I MDA/DAP
IReferences | Statement of *References :
Prepares Work (SOW) €¢——
OSD/CAPE Includes
) |_Contract |- MDA/DAC
C Perf R CPR)/I dp .
Mc;zggg:neirt %ren;irrltc(elpl\tﬂag?rt( ) / Integrated Program T Prepares/Manages/Negotiates
Contractor Cost Data Reports (CCDRs) (DD 1921 Series) 23

Software Resource Data Reports (SRDRs)
Cost & Software Data Reporting Plan (CSDR Plan)



MDA Stakeholder Coordination
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 There are numerous MDA stakeholders in the CCDR process:

- Cost Estimating and Analysis Directorate

- Acquisition Policy Directorate

- Contracts Directorate

- Earned Value Directorate

- Program Office Engineering, Data Management, Etc.
* All parties are responsible for the following:

- CWBS
— Captures entire effort
— High-risk/highly-technical elements defined to adequate precision
— Structure correctly partitioned into subcomponents
— Consistent between Cost and Earned Value
- Contract Setup
— Contract Data Requirements Lists (CDRLs, DD Form 1423-1) for CCDRs
— Cost & Software Data Reporting Plan (CSDR Plan, DD Form 2794)
— Statement of Work language

* Early Planning = Better Compliance & Cheaper Data

24



Post-Award Coordination
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* Post-award coordination with reporting contractors can:
- Simplify reporting
- Identify edits to reporting plans
- Define recurring and non-recurring costs
- Reduce reporting errors
- Determine delivery schedule

e [deal coordination includes:

- Contracting Officer
- Contractor Business & Engineering representatives (all contractors)
- Program Office Engineering, Earned Value, & Cost Representatives

* Defense Cost & Resource Center (DCARC) representatives from the Office

of the Secretary of Defense Cost Analysis & Program Evaluation (OSD
CAPE)

* The CSDR Plan (DD 2794) should be circulated to above parties ASAP

25



Collecting Cost Data
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* Once CCDR requirements are in place, cost estimators must be
vigilant in collection and validation of data!

* At this time, the MDA does not have a single, Agency-wide CDRL
management system, so the Cost Estimating and Analysis Directorate

must be flexible with each program office and contractor in order to
collect data. Methods include:

- CDRL management systems (such as CDRLVue)

- Microsoft SharePoint portals

- Prime contractor proprietary document delivery systems

- Cost & Software Data Reporting Submit-Review site (OSD CAPE)
- mailbox

- And, occasionally, delivery of data on CD via the mail!

26
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Validation of CCDRs

27



Process Overview
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Step 2: Detailed

— . ~— Step 4: Acceptance
{+ DOC Research Team ) Review g Compile Validation h P P
Report
« Contractor * CCDR, Validation
 { Coordination Report, Acceptance
. * Send feedback via
Research Team Contracting Officer * Posted to DACIMS* &
s i Coordination MDA electronic library
\ Step 1: Prghmmary \* Program Office y \ Step 3: Revisions? \ y
Review
Contractor resubmits data if
revisions are required
28
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Validating Contractor Cost Data

DOC — Cost Estimating and Analysis Directorate =
Research Team Rule of Thumb:
Five years from now, will this report alone make sense to a new analyst?

1. Preliminary Checks:

a) Summation of children to parents, non-recurring & recurring totals,
consistency across multiple forms, etc.

b) The Research Team uses OSD CAPE’s CSDR Planning & Execution Tool
(cPet)

2. Research Team coordinates with Program Office cost estimators for
detailed review:

a) Accurate unit reporting, understanding of non-recurring & recurring cost
basis, full and complete CWBS definitions

b) Appropriate functional breakouts (engineering, labor, manufacturing,
material), appropriate subcontractor reporting

c) Consistency with prior reports, concurrent contracts, and program context

d) Appropriate non-recurring and recurring cost breakout y



Introduction to CPET

DOC - Cost Estimating and Analysis Directorate =

« CPET (CSDR Planning & Execution Tool) is
OSD/CAPE-produced software for CCDR
production and validation

» Used by OSD/CAPE and MDA to validate
CCDR

- Performs nearly all arithmetic &
correspondence checks

- Highlights areas for manual review

- Increases efficiency of validation process

» Converts between multiple formats:

- MS Excel “DD Form” Format
- MS Excel “Flat File” Format
- OSD/CAPE XML Format

« MDA recommends that contractors use CPET
for quality control before submission

30



Validation Responsibilities
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Research Team

*Is WBS consistent with prior report? (If initial
submission, is report consistent with contract plan?)

*Are quantities reported for each hardware element?

*Are quantities reported for both Number of Units to Date
and Number of Units at Completion?

*Are Number of Units at Completion quantities greater
than or equal to Number of Units to Date quantities?

*Are current Number of Units at Completion quantities
greater than or equal to prior Number of Units at
Completion quantities? (Not applicable to initial
submissions.)

*Does the sum of children equal parents?

*Do Costs Incurred to Date Non-Recurring plus Costs
Incurred to Date Recurring equal Costs Incurred to Date
Total?

*Do Costs Incurred at Completion Non-Recurring plus
Costs Incurred at Completion Recurring equal Costs

Incurred at Completion Total?

*Are all subcontractors reporting?

*Are Costs Incurred at Completion greater than or equal
to Costs Incurred to Date?

*Are current Costs Incurred to Date greater than or equal
to prior Costs Incurred to Date? (Not applicable to initial
submissions.)

*Are Costs Incurred at Completion significantly different
than previous report?

*Are Security Classification markings included?

*Does the report metadata match the contract plan?
*Are Summary Reporting Elements reported?

*Are all Remarks understandable?

*Are Total Costs Incurred to Date consistent with
corresponding CPR Cumulative to Date Actual Cost of
Work Performed at the Summary Level?

*Are Total Costs Incurred at Completion consistent with
corresponding CPR Latest Revised Estimate at

Completion at the Summary Level?

*Are prime contractor and subcontractor reports

consistent? 31



Validation Responsibilities
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Table 1-2: Program Office Validation Responsibilities

Program Office
*Has the 1921 been delivered to the Research Team within two business days of Program Office receipt?

*Has the approved, corresponding CSDR Plan and CDRL been delivered to the Research Team? (Applies to first
submission only.)

*Has the corresponding CPR been delivered to the Research Team?

*Has any applicable CPR mapping been delivered to the Research Team? (Applies to first submission only.)
*Are the Number of Units to Date and Number of Units at Completion correct?

*Are the top level Total Costs Incurred to Date and Total Costs Incurred at Completion correct?

*Are the recurring and non-recurring costs segregated appropriately?

«Is the full scope of the work included in the report?

*Are all Remarks accurate?

*Is the reporting sufficient to meet the estimators’ needs?

32



Working With CCDR Preparers

DOC — Cost Estimating and Analysis Directorate =

A close working relationship between contractor CCDR prepares and government
CCDR reviewers:

Saves time
Saves money
Results in better data and documentation

 During the detailed review, close examination of the cost data
often reveals critical omissions

* Many of these may be resolved with subject matter expertise from
contractor CCDR preparers

» Often, MDA can avoid requiring revisions by gathering and
documenting supplemental information with the CCDR and
instructing contractors to update the documentation with the next
submission

33



Outcome
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e If revisions are required,

- All errors, inadequacies, and questions are compiled in a validation
report which 1s provided to the Contracting Officer for communication
back to the Prime Contractor.

- Process repeats until data are accepted

o [f data are accurate and well-documented,
- Contractor uploads CCDR to OSD CAPE’s CSDR Submit-Review
system

- MDA’s Cost Estimating and Analysis Directorate approves with memo
date

- Published to OSD CAPE Defense Automated Cost Information System
(DACIMS)

- CCDR and validation notes published to internal MDA electronic library

34



MDA CSDR Validation Report
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Table 2: Validation Report Format

Program Office and MDA/DOC Validation Report
Report As Of Date: Cost Report: Resubmission Number: Severity Key
Program: Date Contractor Submitted: DCARC Submission Number: Critical: Prevents full validation. Leads to rejection.
Contractor: Contract Number: Program Office POC: Substantive: Data inaccuracy. May leads to rejection.

Research Team Reviewer: Date Received by Research Team: Date of Recommendation: Administrative: Does not typically lead to rejection.

Recommendation:

WBS Element Report Section Note Error Severity Contractor Explanation
Action or

Explanation
Required
(Yes/No)

Administrative

Program Office determines if Research Team recommends

Contractor action is required Acceptance/Rejection to
for each discrepancy and Program Office for
adds any additional errors communication to Contractor

Research Team lists errors
and submits report to
Program Office

35



Successes
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What works

36



Successes
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MDA 1nitiated 1ts CCDR
review process January 2012

 We have made significant
accomplishments 1n
improving:
- Timeliness of data
submissions

- Quality of reported data
MDA Implementation of OSD/CAPE Data Quality

Initiatives As-Of July 2014 - Contractual requirements for
data
Coordination with OSD CAPE DCARC has - Working relationships with
resulted in better processes and availability
of MDA data to the entire DoD community. CCDR preparers

37



Case Study: Program A Data Quality
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* Consider “Program A,” one of the MDA’s largest and most complex programs:

- Ten reporting prime contracts (or separately-reporting CLINs) from 2006 — 2014
- 1 —4 reporting subcontractors for each prime contractor CCDR
- No formal validations prior to 2012 in centralized repository
- Many reports unavailable in MDA electronic library or DACIMS
* Majority of data validated starting with 2011 and 2012 data

* Have now obtained full coverage of major contracts & subcontracts in Program A

38



Program A Subcontract CCDR Coverage

39
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Program A: Fundamental CCDR Quality
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« When CCDR preparers use cPet to ensure that data are submitted without fundamental
errors, MDA can focus on building a comprehensive understanding of the data

 Case Study: Annual Validations for a critically important Development Contract

2012
e Rev 0:

- Data submitted with a
significant number of
fundamental errors

- detailed review
impossible

e Rev 1:

- Missing elements of the
WBS Improper
functional designation
of costs

* Rev 2: Accepted

2013
e Rev 0

— Fundamentally correct

— Single WBS element
without proper cost
break-out.

— Significant cost
decrease vs. 2012

— CLIN excluded from
report

» Rev 1: Accepted

2014

* Free of fundamental errors
& well documented due to:

- contractor’s improved
CCDR business
processes

- Contractor’s investment
into capability to
automatically generate

OSD CAPE “Flat File”
format

* DOC validation focused on
understanding designation of
recurring / non-recurring
costs between prime & subs

40




CCDR Documentation
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The MDA has had particular success increasing contractors’ documentation of cost
reporting

Prior CCDR had few DD 1921 general remarks and often had no element-specific
remarks

Current CCDR commonly include several paragraphs’ worth of documentation
Typical DD 1921 Remarks:

- Legacy CCDR:

“Please see tab titled ##### for important information pertaining to WBS structure/format used in this report.”

- Current CCDR:

There were no significant changes to the WBS structure from the prior submittal. Of note is the addition of CLIN #. This report now contains all CLIN's (##,
##, ##, ##, and ##) within the contract. CLIN ## and ## do not have contractual EV reporting requirements, so the total value reported in this report will be
greater than the CPR CDRL as it only includes CLIN’s ###. Both CLIN ## and ## were all NRE in nature and included several [engineering studies]. The fee
structure of CLIN ### was AF. CLIN ### was awarded as an extension of CLIN ### scope but put on a separate CLIN to move away from AF and into Fixed
Fee. The basis for all Quantities reported and recurring vs non-recurring splits is [engineering reference document]. The remarks section of all 1921-1 WBS
with any recurring costs or quantities reported will reference the [that document]. [. . .] All components identified as [configuration] are assumed to be built in a
manufacturing environment, and thus represent recurring costs. [Further description of Non-Recurring and Recurring designations based on program content. ]
The Undistributed Budget of #### is mostly associated with [item] and therefore is all assumed as Non-Recurring. #### is associated with CLIN ## and #####
is associated with CLIN ##. The Profit/Fee value of $#### represents the remaining available schedule/milestone incentives available under the contract, and
an estimated value for the cost incentive given the performance issues and total cost projection and Incentive share ratio. Total Costs at Completion of $####
exceed contract Price of $#### due to the current rate delta on the Program as well as unfavorable cost performance. The [...] cost performance is a
combination of [example 1] and [example 2] issues. #### is the largest subcontract and they have experienced cost growth due to needing additional resources
to get through testing and integration efforts, in addition to supporting late HW deliveries and cost growth at their sub tier suppliers [examples]. The main
[prime contractor] drivers have been: Manual testing of [items], [Item] Integration, [Item] Development, [Item] Development, [Item] through qualification and
build, [Items] integration issues, [Items] design and integration challenges and [Item] effort taking longer than expected to integrate and troubleshoot.
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Challenges
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What can we do better?

42



Challenges
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* Legacy Contracts

- More analysis and record-keeping required to provide useful data
- Not feasible to change reporting structure

- Requires more tacit knowledge of products & historical performance to use
accurately

* Education

- Data collection takes time, and time costs money

- Therefore, program directors, budget financial managers, contracting
officers must be educated on the ongoing value of CCDR

- Collection of data after a contract is let is not optimal!

» Constant communication required to ensure contract requirements are:

- Consistent
- Placed at the appropriate time during acquisition
- Cost Effective
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Fundamental Data Accuracy
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The first challenge to data collection is data accuracy!

A survey of 105 MDA CCDRs between 2013 and 2015
reveal:

- Most CCDRs require revisions before they can be used

- Over 20% require multiple revisions

- The trend is relatively stable over time: despite

- Acceptance rate varies from 20% - 80%*

significant progress, this area needs greater attention
from the entire cost analysis community

MDA CCDR |Total Total
Revisions CCDR %
Required

0 47 45%
1 34 32%
2 17 16%
3 5 5%
4 1 1%
5 1 1%
Grand Total |105 100%

Number of CCDR Revisions
Required

*Variance Drivers:

MDA CCDR |Program A |Program B |Program C |Program D |Program E |Program F |Program G |Program H |Program| |Total Total| Program Size
Revisions CCDR %| . Program
Required |CCDR %| CCDR %| CCDR %| CCDR %| CCDR %| CCDR %| CCDR %| CCDR %| CCDR % Complexity
0 5 21%|3 60%|7 47%|13 68%|5 83%|13 39%[1 100%|0 0%|0 0%|47 45%| * Contractor CCDR
1 10 42%]|2 40%]| 6 40%]| 2 11%|0 0%| 13 39%|0 0%|0 0%]| 1 100%|34 32% Experience
2 7 29%|0 0%| 1 7%| 1 5%| 1 17%|6 18%|0 0%| 1 100%|0 ouli7 164 ° Contractor Data
3 2 8%|0 0%]| 1 7%|1 5%|0 0%]| 1 3%|0 0%|0 0%|0 0%|5 5% “Cﬂzlgﬁgggn
4 0 0%|0 0%|0 0%| 1 5%|0 0%|0 0%|0 0%|0 0%|0 0%|1 1%| « Contractor CCDR
5 0 0%|0 0%|0 0%]| 1 5%|0 0%|0 0%|0 0%|0 0%|0 0%|1 1% business
Grand Total |24 100%|5 100%| 15 100%| 19 100%| 6 100%| 33 100%| 1 100%| 1 100%| 1 100%|105 100% processes
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Common Errors
DOC - Cost Estimating and Analysis Directorate  »
Certain errors are common across programs and contracts:
 Arithmetic errors (often keystroke or copy/paste errors)

* CCDRs that do not capture all costs (often excluding small-dollar or
Firm Fixed Price CLINS)

« CCDRs that do not break out all of the required summary elements:

- General & Administrative, Cost of Money, and Fee
- Often due to confusion with Earned Value reporting formats
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Common Errors
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Common errors can be solved with education, clear
communication, and efficient business processes

 Using cPet to perform quality control
checks before submission

 Defining control account structure to
match CCDR and EV WBS

e Participating in post-award
coordination meetings and WBS
reviews

° ReaChing OUt tO the COSt EStlmatlng DCARC cPET validation results
and Analysis Directorate prior to
submission .



Access to and Organization of Data
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* Both the OSD CAPE DACIMS and the internal MDA electronic
library use a file-tree structure o%\ g\ }} j\ "
* This paradigm can be cumbersome.

 For example, to find costs for a sub-component, the analyst must
know:

- Which programs have analogous subcomponents

- Which contracts were used to develop or procure the subcomponent,
as well as any relevant variants

- Which reports might have been required for those contracts
- Compare and map differing work breakdown structures
- Examine multiple WBS dictionaries

 As aresult, aggregating data across programs is a labor-intensive

process
47



Forthcoming Accessibility Improvements
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* Both OSD CAPE and the MDA are
working complimentary data accessibility
initiatives

- OSD CAPE has an 1nitiative called Cost

Assessment Data Enterprise (CADE) to aid
in accessibility of all DoD cost data

- The MDA has a complimentary effort
called Site Of Useful Records for Cost
Estimating (SOURCE), which will marry:

— Internal MDA CCDR Data
— Technical Parameters & Key Events
— WBS dictionaries
 Easy-to-query repositories will provide for
access to more data and discernable

relationships to support analogous and
parametric cost analysis

(Public Domain) 48




Path Forward
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What 1s the plan to get even better?

49



Path Forward
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MDA’s Cost Estimating and Analysis Directorate must continue to:
* Educate internal and external stakeholders

 Refine and establish MDA operations and acquisition policy
 Lead industry partners in improving CCDR business processes

* Encourage the MDA to incentivize contractors who provide timely, high-
quality data

* Improve processes involving OSD CAPE and the DACIMS repository

» Share validation reports containing findings and supplementary information
in DACIMS

 Serve as a liaison for industry partners seeking to share data with the DoD
cost community

* Participate in external and internal working groups, such as the OSD CSDR
Focus Group and MDA Data Management Working Group
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Considerations
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 Contractor Cost Data Reports (CCDR, DD Form
1921 Series) are designed to provide the most
utility for cost estimation

* To maximize value of the data:

- Requirements must be understood by the Program
Office, Contracting Officers, and Contractors,
defined early 1n the acquisition process, and
applied consistently

- CCDRs must be validated rigorously to ensure
accuracy

- Data should be made easily available to analysts
» Since 2012, the MDA has demonstrated

significant achievement in improving data
quantity and quality

* The MDA’s validated CCDR data has supported
a number of key decision-supporting analyses o
both within the MDA and the OSD CAPE (MDA, 2075) MDA Public Website
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Conclusion
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Cost estimating requires a continual influx of current and relevant
cost data to remain credible. The cost data should be managed by
estimating professionals who understand what the historical data are
based on, can determine whether the data have value 1n future
projections, and can make the data part of the corporate history.”

(U.S. Government Accountability Office [GAO], 2009)
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BACKUP
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Introduction: Six Seven Degrees of Separation
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* A 1969 study indicated that any two people are connected by a chain
of “six degrees of separation” (Travers & Milgram, 1969)

* The notion 1s now entrenched in popular
culture: plays, TV shows, party games

* Based on a sample of only 64 people

 However, research at Microsoft indicates
that the average degree of separation 1s
closer to seven (Leskovec & Horvitz, 2007)

(Getty Images)

Bacon Numbers

(With Only A Little Cheating)
Ms. Petty: 3
Dr. Smart: 3
Mr. Lawlor: 4
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(Public Domain)

Erdos Numbers
Ms. Petty: 4
Dr. Smart: 3
Mr. Lawlor: 4

Erdos-Bacon Numbers
Ms. Petty: 7
Dr. Smart: 6
Mr. Lawlor: 8

Natalie Portman has an Erdos-

Bacon Number of 7!

The Erdos-Bacon Number
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* ErdGs number: Another metric of social
connectedness based on a single, prolific
individual—this time based on co-authorship
for mathematical papers

* “Paul Erdds (1913—-1996) [was a] widely-
traveled and incredibly prolific Hungarian
mathematician of the highest caliber, [who]
wrote hundreds of mathematical research
papers in many different areas, many in
collaboration with others” (Erdos Number

Project, 2015)

 For even better bragging rights combine with
the “Bacon Number” party game to obtain a
Erdds-Bacon Number (Singh, 2002) 56
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Kill Vehicle
Work Breakdown Structure

Jennifer Tarin, Ph.D.
Paul Tetrault
Christian Smart, Ph.D.
MDA/DO

Approved for Public Release
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Hybrid KV WBS
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» Foundation of the proposed Hybrid KV WBS traces
largely to existing MIL-STD-881C appendices

- Missile Systems WBS functions as backbone
- Space vehicle WBS provides details
» Proposed KV WBS will be a substitute for payload
of Appendix C Missile System WBS

* Proposed KV WBS is representative of MDA
current and potential future kill vehicles

Kill Vehicle Photo, MDA Public Website
(MDA, 2001)
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DD Form 1921
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Next slide highlights this section
in a simplified example.
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Simplified DD 1921
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DD-1921 Contractor: Acme Inc. Coffee
11\1431;213 *Costs Incurred-to-Date |
*Costs Incurred-at-Completion
WBS Element Code Units Nonrecurring Recurring Total °Nonrecurring and Recurring
Coffee System 0 3 $1,000 $1,100 $2,100 broken out
9000 *Shows General &
Brewer System 1.1 3 $1,000 $900 $1,900 Administrative (G&A) cost
CoffeePot 1113 [ §750 $300 51050 | *Shows Cost of Money
Water Heater  1.12 3 5250 5600 $850 *Shows Management Reserve
Test Coffee 1210 $0 $200 $200 *Shows Undistributed Budget
*Shows Fee & Total Price
G&A $100
Cost of Money $10
Total Cost $2,210
Fee $1,000
Total Price $3,310
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1921 and 1921-1 Relationship

61
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DD 1921-1 (Functional Cost Hour Report)
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Next slide highlights these
sections in a simplified example. 62




Simplified DD 1921-1 (Functional Cost Hr)

DD-1921-1 WBS Item: 1.1.1 3.0 Units /
Coffee Pot 5.0 Units
Function Nonrecurring Recurring Total
Engineering Hrs 10 10
Engineering Direct $ $700 $700
Eng. Overhead $ $50 - $50
Eng. Total $ $750 - $750
Manufacturing Hrs - 3 3
Manufacturing - $90 $90
Direct $
Man. OH $ - $10 $10
Man. Total $ 8 $100 $100
Materials Direct $ - $200
Total Cost | $750 $300 §1,050 |

DOC - Cost Estimating and Analysis Directorate

*Single WBS element

*Costs Incurred to Date
*Costs Incurred-At-Completion
*Broken Out By nonrecurring
and recurring

*Broken out by labor and
manufacturing operations
*Shows labor hours

1921-1 Functional Data Elements

Direct Engineering Labor Hours & Dollars
Engineering Overhead Dollars

Direct Tooling Labor Hours & Dollars

Direct Tooling & Equipment Dollars

Direct Quality Control Labor Hours & Dollars
Direct Manufacturing Labor Hours & Dollars
Manufacturing Operations Overhead Dollars
Raw Material Dollars

Purchased Parts Dollars

Purchased Equipment Dollars

Material Handling / Overhead Dollars

Other Costs 63



1921-1 and 1921-2 Relationship
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DD 1921-2 (Progress Curve Report)

SECURITY CLASSIFICATION
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PROGRESS CURVE REPORT

Form Approved
OME No. 070407158

Tre QUi reporing burien or iz ool echon of Iformaton 5 esimaed bo average 15 Mours Car maponse, Inciading the dme for reviesing Instnacians, seanching exshng Gats scurtes, gacering and —artaring the data neeted, and tompeeing and reviesing e coledtion f niommation. Send comerts regard)
cther azpent of i coliecTon of INformaton, INCILCNg SUQRESHons for FEoucing e Durden, o Department of Defenze, Wasmingon Hesdouarners Senices, Exscutie Sendoes Dinectorate (I702-01982). Respond
collecon of information ¥ | does not display a currently valld OMB confrol number. PLEAZE DO NOT RETURN YOUR COMPLETED FORM TO THE ABOVE CROANIZATION.

jarts shoukd B2 aware Tl notwiTnding any ofer provisian of [w, no person shall be usject bo any penalty for faling o oomedy Wit a

ing this burden estmate or any

1. PROGRAM 2. PRIME MISSION FRODUCT 3. CONTRACTOR TYPE (X one) 4. NAME/ADDRESS [Inciude ZIP Cods)
a. MDAP: PRIME/ASSOCIATE
b. PHASE: DIRECT-REPORTING SUBCONTRACTOR
5. APPROVED PLAN NUMBER 6. CUSTOMER (Direct-Reporming Subconfractar Use Only) 7. TYPE ACTION .
2 CONTRACT NO.- b. SOLICITATION NO.:
€. LATEST MODIFICATION: 0. NAME:
8. PERIOD OF PERFORMANCE 9. REPORT CYCLE (X ane) 10_ SUBMISSION NUMBER | 11. RESUBMISSION NUMBER. 12. REPORT AS OF [¥¥¥YAMDD)
3. START DATE (YYYYMOD) b. END DATE {¥YYYMMDD): INITIAL INTERIM FINAL
13. NAME (Last, First, Licaie inital) 14. DEPARTMENT 15. TELEPHONE NUMBER (incluce Area Cooz) | 16. EMAIL ADDRESS 17. DATE PREPARED [ ¥¥YyuDD)
18. WES ELEMENT CODE | 19. WBS REFORTING ELEMENT 20. UNITS/LOTS COMPLETED 21. APPROPRIATION
UMNIT TOTAL LOT TOTAL FDTLE PROCUREMENT OAM
A. COMPLETED UNITS/LOTS B. WORK IN PROCESS C. TOTAL DIRECT COSTS AND
DATA ELEMENTS Al A2 AL Ad [WIP) HOURS INCURRED TO DATE
(1) MODEL AND SERIES
(2) FIRST UNIT
{3) LAST UNIT
{4) CONCURRENT UNITS
CHARACTERISTICS
(53]
i)
ENGIMEESINE e curen el
|] DIRECT ENGINEERING LABOR HOURS [ [ | [ [ 000
{T) DIRECT ENGINEERING LADOR DOLLARS | | | [ | Q.00
i T e et T P e T T
{E) DIRECT TOCLING LABOR HOURS 0.00
(%) DIRECT TOOLING LABOR DOLLARS 0.00
[10) DIRECT TOOLING & EQUIPMENT DOLLARS 0.00
[11) DIRECT QUALITY CONTROL LABOR HOURS .00
— 0.00
{13) DIRECT MANUFACTURING LAEOR HOURS "
[14) DIRECT MANUFACTURING LAEOR DOLLARS || 0.00
T10) T TAL DINCCT WM UTACT UG COC A TIONS DOLLATLS [SUM OF TOWS B, 10, 12,800 18) (R PR T [y 0.00 0.00
MATERIALS {Recurring Only)
[16] RAW MATERIAL DOLLARS 0.00
[17) PURCHASED PARTS DOLLARS 0.00
[1E] PURCHASED EQUIPMENT DOLLARS, 0.00
{20] TOTAL DIRECT MATERIAL DOLLARS 700 | T | 700 | E] | [ | 000
urnng Unly)] |
(21) OTHER DIRECT COSTS NOT SHOWN ELSEWHERE (Specify in Remarks) | | | | | .00 |
e M B £ | ¥ 1
[22) TOTAL DIRECT COST 000 | 0.00 | 0.00 | 0,00 [T 0.00

23, REMARKS

PREWVIOLIS FOITION IS OF,

OLETE.

Next slide highlights these

sections in a simplified example.

SECURITY CLASSIFICATION |
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Simplified DD 1921-2 (Progress Curve)

DD-1921-2 WBS 1.1.1 3.0 Units Coffee

Item: Coffee / Maker
Pot 5.0 Units RDT&E

Function Coffee Coffee Coffee Total
Pot #1 Pot #2 Pot #3

Engineering Hrs - - -

Engineering - - -

Direct $

Manufacturing 2 25 3

Hrs

Manufacturing $60 $7.5 $90

Direct $

Materials $ $100 $50 $200

Total Direct $160 $72.5 $57.5 $290

Cost

DOC - Cost Estimating and Analysis Directorate =

*Single WBS item

*Direct costs only

*Cost Incurred-to-Date only
*Recurring Cost only
*Broken out by labor and
manufacturing operations
*Broken out by unit or by lot
*Shows labor hours

1921-2 Functional Data Elements

Direct Engineering Labor Hours & Dollars

Direct Tooling Labor Hours & Dollars

Direct Tooling & Equipment Dollars

Direct Quality Control Labor Hours & Dollars
Direct Manufacturing Labor Hours & Dollars
Raw Material Dollars

Purchased Parts Dollars

Purchased Equipment Dollars

Other Direct Costs
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Cost Performance Report (CPR) (DD 2734)
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CLASSIFICATION Wihen filed i)

CONTRACT PERFORMANCE REFORT

FORMAT 1 - WORK BREAKDOWN STRUCTURE

DOLLARS IN

Form Approved
OUE No. 7040182

Tha pebiic raporting burSan for thiz collaction of Information | actmatsd fo wearage 5.1 hoorz par rcponos, Including tha Bma for reviewing instnuctions, esrching axitting Ssts couronz, getharing mnd maintaining tha duts nasdsd, nd complating snd redewing
tha colsction of nformetion.  Sand commantz momnding this burdsn scHimaty or anw cther coect of this colaction of Indormation, Inchuding Tugoaz@ons for rducing tha burden, to the Dapertmant of Dafencze, Gxscuthes Servioe: Dieschormts (0704-07108;
Anzzondentz chould be swars Bat notwithisnding sry cther provizion of lew, na perzon chail bs sobject % any psnaly for falling o comply with a colisction of informattion ¥ i doaz not Shpiey @ oty valid O8I conteo nomizer.

PLEASE DD NOT RETURN ¥OUR FORM TO THE ABOVE OAGANIZATION. SUEMIT COMPLETED FORMS IN ACCORADANCE WITH CONTRACTUAL RECUAREMENTS.

1. CONTRACTOR 2. CONTRACT 3. PROGRAM 4. REPORT PERIOD
2. NAME = NAME = NAME 2. FAOM (¥ T ¥ YMDD]
b. LOCATION (2csrmaz amd ZIF Codel &. NUMBER . PHASE
b TO (Y¥YYMMDD)
= TWFE 4. SHARE RATIO =. EVME ACCEFTANCE
[ra ] [ YES prrvvamens;

6. CONTRACT DATA
2. QUANTITY b. NEGOTIATED = EST. COST AUTHOREZED | &. TARGET PROFTT/ ». TARGET PRICE | 4. ESTIMATED = CONTRACT k. EST. CONTRACT | DATE OF OTE/OTS

CosT UNFRICED WORK =E PRICE CERING CELNG ¥ ¥y VMM
6. ESTIMATED COST AT COMPLETION 7. AUTHORIZED CONTRACTOR REPRESENTATIVE

MANAGEMENT E5TIMATE COMTRALT GBUDGET WAMEANCE 5. NAME [Lass, Firxs, Midle initiall b. TITLE
AT CORMPLETION ALz
il 2l ™

. BEST CASE . SIGNATURE 4. DATE SIGNED (7¥F FMMOD)
b. WORST CASE
. MOST LIKELY

B. PERFORMAMNCE DATA

CURRENT PERICD COTULE e T DATE REPROGRAMMING AT COMPLETION
ITEM BUCGETED COST ACTUAL WARLANCE BUCGETED COST ACTUAL WARANCE ADJUSTMENTS
COST WORE COST WORE EUDGETED | ESTIMATED | VAMANMCE
WORE O WORE WORE cosT SCHEDULE
SCHEDULED | Fereoanen | FEFOAMED | sozgmums|  cost il scueouien | reneonmen |FERFOAMED | srpcnune | cost  [Juamsascs | vamamce | cuocer
m R ¥ # 1= b 7 el = 1% (L] 1133 (12k] 113} i i i

a. WORE BREAKDODWMN
STRUCTURE ELEMIENT

4

. COST OF MONEY

c. GEMEAAL & ADMINISTRATIVE

8

. UNDISTRIBUTED BUDGET

. SUBTOTAL (Farformasce

J T —— 0.00 0.00 000 0u00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 000 0.00 0001
f. MANAGEMIENT RESERVE
g TOTAL 0.00] 000 000 000 000 000 000 ool 000 000 2000 000 0.00 0.00
9. RECONCILIATION T CONTRACT BUIDGET BASE

a. WARIANCE ADJUSTMENT

b. TOTAL CONTRACT VARIANCE

000 0.00

DD FORM 2734/1, APR 2005

Next slide highlights this section
in a simplified example.

CATION When filed o)/

PREVIOUS EDITION IS5 OBSOLETE.

LOCAL REFRODUCTION AUTHORIZED.
Adote Peolessiomsl 1.0



Simplified CPR / IPMR

Behind Schedule!

DOC - Cost Estimating and Analysis Directorate

CPR Format 1 ATIVE TO DATE

Coffee Maker RDT&E

WBS Element Code

Coffee System 1.0
9000

Brewer 1.1
System

Test Coffee 1.2 $200

COM $10
G&A $75
Total $1,585

$10
$50

$1,060

Actual Cost Schedule Cost

------

______

$10
$100

$2,210

rk Performed Variance Variance

------

§-500]  ($-1,100}

~~~~~~

$-500 $-1,100

o N

. \,

. \,
. '\,
\,
Y "\,
o .
SN - .
N 3
. ,
.

S

.

..

A CPR also has this information for the Current
Period (month) and Estimate At Completion.
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Introduction to CPET
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« CPET (CSDR Planning & Execution Tool) is
OSD/CAPE-produced software for CCDR
production and validation

» Used by OSD/CAPE and MDA to validate
CCDR

- Performs nearly all arithmetic &
correspondence checks

- Highlights areas for manual review

- Increases efficiency of validation process

» Converts between multiple formats:

- MS Excel “DD Form” Format
- MS Excel “Flat File” Format
- OSD/CAPE XML Format

» Research Team recommends that contractors
use CPET for quality control before

submission
69



Example CPET Validation OQutput

70
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CPET: Why (Government)
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» Validate contractor-submitted cost data—-critical!

e Build CSDR Plans/Program Plans/Subcontract Plans (DD
Form 2794)

- Automatically manage WBS numbering & indentation
- Automatically generate subordinate plans (i.e., subcontract
from contract)

e Flat File Format

- Flat File format 1s much more useful for MS Excel analysis
than “DD Form™ format

— Easily copy/paste data
— Data 1s available 1n a single tab
— No merged cells or formatting!

— Common metadata source

- May help reduce work-load (and cost) for contractors 71



CPET: Why (Contractors)

» Error-check before submission—critical!

* Support CAPE XML requirements without re-programming
systems

» Flat File Format

- Flat File format 1s much more useful for MS Excel analysis
than “DD Form™ format

— Easily copy/paste data
— Data is available in a single tab
— No merged cells or formatting!
— Common metadata source
- Flat File format may simplify report creation

— Process accounting system directly to flat file
— Use CPET to generate Excel “DD Form” and/or XML formats

72
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CPET: How
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* Requirements

- CPET installation (does not require administrator install):

- CPET (XML) version of CSDR plan

— CPET uses the WBS relationships stored in the Contract Plan in order to check parent/child
summations

— MDA Cost Estimating and Analysis Research Team can provide our internal use versions
- MS Excel format Cost Reports (“DD Form” or “Flat File” format, no PDFs)

 Importance of following format

- CPET uses formatting & borders to navigate the “DD Form” format
- Significant changes may cause file to be unreadable
- CPET expects specific wording Summary Reporting Elements (G&A, FCCM, etc.)

* Demo / discuss minor 1ssues
* CPET is extremely literal

- E.g.: “Integration and Test” and “Integration & Test” flagged as error

- We manually review each flag to determine if it is an actionable issue
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CPET Workflow
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~
 1: Obtain or import XML version of CSDR Plan
 2: Verify that WBS rolls up correctly within CPET
critical ste
Setup | ( P) )
e 3: Import “DD Form™ Excel Files (1921, 1921-1, 1921-2)
 4: Verify that data imported correctly with green
Import | “validation” file — correct & re-import as necessary y
~
e 5: Run CPET Validation Protocol
. « 6: Examine output & determine corrective actions
Validate P
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