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Agenda
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• A real life example
• EAC Analysis Study

– Answer the question:  “Does EVM Work?”  In 
particular: “Does EVM provide advance insight 
into a projects final cost/EAC?”

– Tools and Data
– Findings

• Summary
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The tools
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EAC ANALYSIS STUDY
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What we did..
• Selecting data

– Development work needed to be completed
– Seven NASA projects selected for this study

• Reviewed relevant literature and previous 
studies

• Results are presented in percentages not $
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Findings
• DoD Finding:  Once a contract is more than 15-20% 

complete, the final overrun will be worse than the 
present overrun1
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Project 20% 100%
A 0.3% -6.6%
B 0.4% -6.4%
C -2.4% -22.1%
D -1.9% -2.3%
E 0.7% -17.0%
F 1.2% -1.8%

Avg of $ values -1.0% -10.6%

Project Cost Overrun at 20% and 100% 
Completion Points

Percent Complete
• One of the seven 

projects did not have 
EVM data at the 20% 
completion point

• In all cases the overrun 
only worsened

1Christensen Wilson 1992



Findings
• DoD Finding:  Once a contract is over 20% 

complete, the cumulative Cost Performance Index 
(CPI) does not change by more than 10 percent, 
and in most cases it only worsens2
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• One project (E) the 
CPI grew by more 
than 10%

• One project (D) the 
CPI improved

• NASA data 
generally supports 
DoD finding

2Christensen Wilson 1992



Findings
• At the 50%, completion point for each of the NASA 

projects the EVM EAC was within 13% or less of the 
final cost to complete the project
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• Prior to 50% completion, 
NASA projects have 
significant budget volatility 
(some projects were 
replanned)

• At 50% completion point the 
baselines stabilized and 
produced accurate EACs for 
each project



Findings
• DoD Finding: “overruns at completion predicted by the contractor and by 

the government program office were unrealistically optimistic
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• NASA data generally supports the DoD study conclusion



Results
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• Once a contract is more than 15-20% 
complete, the final overrun will be worse 
than the present overrun

• Once a contract is over 20% complete, the 
cumulative Cost Performance Index (CPI) 
does not change by more than 10 percent, 
and in most cases it only worsens

• Contractor/Projects EACs are usually more 
optimistic than EVM EACs



Summary
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• EVM can provide early warning signs of 
potential cost and schedule problems

• This study validated that one of the benefits 
of implementing an EVM process is the 
ability to forecast how much a project will 
cost

EVM is effective in forecasting cost growth and predicting 
a realistic EAC



QUESTIONS?
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BACK-UP
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When is EVM required?
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  EVM Flow-Down to 
Contractors and 

Lower Tier 
Subcontractors

 All costs including 
contracts are part of 

Project LCC

Projects that are valued to have a LCC =>$250M anytime prior to KDP-C require EVM.
Contract thresholds are governed by the NASA FAR Supplement 1852 and 1834

NASA Projects
Life Cycle Costs (LCC)<$250M LCC =>$250M

EVM Optional Use NASA EVM Capability (Full complaince)

NASA Contracts

$0 to $20M

Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of 

DRD

>$100M

32 Guidelines Validated
Full EVM Terms and Conditions of DRDs

EVM Flow-Down to Contractors and Lower Tier Subcontractors
$20M to $100M

32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs

* SMD EVM Guidance for Cat 3, Class D less than requires the Seven Principles of EVM instead of the 32 guidelines for projects and 
contracts


Rev 0

		This table is based on Figure 1-1 NASA EVM Requirements from NASA/SP-2012-599 - Earned Value Management (EVM) Implementation Handbook



				NASA Projects

				$0 to $20M		$20M to $50M		>$50M*

				Non-EVM Performance Mgmt		32 Guidelines NASA System		32 Guidelines NASA System



				Flow-Down to Contractors and Lower Tier Subcontractors



				$0 to $20M		$20M to $50M		>$50M

				Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD		32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs		32 Guidelines Validated
Full EVM Terms and Conditions of DRDs



				* Note Small Category 3 Projects for non-major acquisitions (<$150M) can follow the EVM approach as described in Appendix E:  EVM for Small Cat. 3 Projects





Rev 1

		This table is based on Figure 1-1 NASA EVM Requirements from NASA/SP-2012-599 - Earned Value Management (EVM) Implementation Handbook



				NASA Projects (Category 1 and 2)

				$0 to $20M		$20M to $50M		>$50M

				Non-EVM Performance Mgmt		32 Guidelines NASA System		32 Guidelines NASA System

				NASA Projects (Category 3)

				$0 to $20M		$20M to $150M		>$150M*

				Non-EVM Performance Mgmt		EVM for Small Cat. 3		32 Guidelines NASA System



				Flow-Down to Contractors and Lower Tier Subcontractors



				$0 to $20M		$20M to $50M		>$50M

				Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD		32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs		32 Guidelines Validated
Full EVM Terms and Conditions of DRDs



				* Note Small Category 3 Projects for non-major acquisitions (<$150M) can follow the EVM approach as described in Appendix E:  EVM for Small Cat. 3 Projects





Rev 2 Contractor Only

		Flow-Down to Contractors and Lower Tier Subcontractors





		Current		$0 to $20M		$20M to $50M		>$50M

				Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD		32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs		32 Guidelines Validated
Full EVM Terms and Conditions of DRDs

		New		$0 to $20M		$20M to $100M		>$100M

				Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD		32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs		32 Guidelines Validated
Full EVM Terms and Conditions of DRDs



				* Note Small Category 3 Projects for non-major acquisitions (<$150M) can follow the EVM approach as described in EVM for Small Cat. 3 Projects





Rev 2

		This table is based on Figure 1-1 NASA EVM Requirements from NASA/SP-2012-599 - Earned Value Management (EVM) Implementation Handbook



				NASA Projects (Category 1 and 2)

				$0 to $20M		$20M to $100M		>$100M

				Non-EVM Performance Mgmt		32 Guidelines NASA System		32 Guidelines NASA System

				NASA Projects (Category 3)

				$0 to $20M		$20M to $150M		>$150M*

				Non-EVM Performance Mgmt		EVM for Small Cat. 3		32 Guidelines NASA System



				Flow-Down to Contractors and Lower Tier Subcontractors



				$0 to $20M		$20M to $100M		>$100M

				Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD		32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs		32 Guidelines Validated
Full EVM Terms and Conditions of DRDs



				* Note Small Category 3 Projects for non-major acquisitions (<$150M) can follow the EVM approach as described in Appendix E:  EVM for Small Cat. 3 Projects





Rev 3 Contractor Only

		Flow-Down to Contractors and Lower Tier Subcontractors





				$0 to $20M		$20M to $100M		>$100M

				Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD		32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs		32 Guidelines Validated
Full EVM Terms and Conditions of DRDs









Rev 3





				NASA Projects						CAT 1  are > $250M (and $1B) by definition ---> Validated EVM Required

				EVM Principles Optional				>$250M		CAT 2 can be less <$250M

								32 Guidelines NASA System



				Flow-Down to Contractors and Lower Tier Subcontractors



				$0 to $20M		$20M to $100M		>$100M

				Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD		32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs		32 Guidelines Validated
Full EVM Terms and Conditions of DRDs





				 Source: NASA Space Flight Program and Project Management Handbook





Rev 4 Oct 2017

				NASA Projects

				Life Cycle Costs (LCC)<$250M						LCC >=$250M

				EVM Optional						32 Guidelines NASA System

						  EVM Flow-Down to Contractors and Lower Tier Subcontractors						 All costs including contracts are part of Project LCC

				NASA Contracts

						EVM Flow-Down to Contractors and Lower Tier Subcontractors

				$0 to $20M				$20M to $100M				>$100M

				Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD				32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs				32 Guidelines Validated
Full EVM Terms and Conditions of DRDs



				Projects considered major acquisitions (>=$250M) by the Office and Management and Budget (OMB) require Earned Value Management. 

				Projects that are valued to have a LCC >=$250M anytime prior to KDP-C require EVM.
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				NASA Projects

				Life Cycle Costs (LCC)<$250M								LCC =>$250M

				EVM Optional								Use NASA EVM Capability (Full complaince)

								  EVM Flow-Down to Contractors and Lower Tier Subcontractors						 All costs including contracts are part of Project LCC

						NASA Contracts

						EVM Flow-Down to Contractors and Lower Tier Subcontractors

						$0 to $20M				$20M to $100M				>$100M

						Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD				32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs				32 Guidelines Validated
Full EVM Terms and Conditions of DRDs



				Projects that are valued to have a LCC =>$250M anytime prior to KDP-C require EVM.

				Contract thresholds are governed by the NASA FAR Supplement 1852 and 1834











From Jon
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Table 4-1 Project Categorization Guidelines

LcC = 5250 millionand <

LCC> $1 billion, significant radioactive

Priority Level | LCC<5$250 $1billion ‘material, or human space flight
High Category 2 Category 2 Category 1
Medium Category 3 Category 2 Category 1
Low Categonyf3 Category 2 Category 1
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Rev 0


			This table is based on Figure 1-1 NASA EVM Requirements from NASA/SP-2012-599 - Earned Value Management (EVM) Implementation Handbook





						NASA Projects


						$0 to $20M			$20M to $50M			>$50M*


						Non-EVM Performance Mgmt			32 Guidelines NASA System			32 Guidelines NASA System





						Flow-Down to Contractors and Lower Tier Subcontractors





						$0 to $20M			$20M to $50M			>$50M


						Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD			32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs			32 Guidelines Validated
Full EVM Terms and Conditions of DRDs





						* Note Small Category 3 Projects for non-major acquisitions (<$150M) can follow the EVM approach as described in Appendix E:  EVM for Small Cat. 3 Projects








Rev 1


			This table is based on Figure 1-1 NASA EVM Requirements from NASA/SP-2012-599 - Earned Value Management (EVM) Implementation Handbook





						NASA Projects (Category 1 and 2)


						$0 to $20M			$20M to $50M			>$50M


						Non-EVM Performance Mgmt			32 Guidelines NASA System			32 Guidelines NASA System


						NASA Projects (Category 3)


						$0 to $20M			$20M to $150M			>$150M*


						Non-EVM Performance Mgmt			EVM for Small Cat. 3			32 Guidelines NASA System





						Flow-Down to Contractors and Lower Tier Subcontractors





						$0 to $20M			$20M to $50M			>$50M


						Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD			32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs			32 Guidelines Validated
Full EVM Terms and Conditions of DRDs





						* Note Small Category 3 Projects for non-major acquisitions (<$150M) can follow the EVM approach as described in Appendix E:  EVM for Small Cat. 3 Projects








Rev 2 Contractor Only


			Flow-Down to Contractors and Lower Tier Subcontractors








			Current			$0 to $20M			$20M to $50M			>$50M


						Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD			32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs			32 Guidelines Validated
Full EVM Terms and Conditions of DRDs


			New			$0 to $20M			$20M to $100M			>$100M


						Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD			32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs			32 Guidelines Validated
Full EVM Terms and Conditions of DRDs





						* Note Small Category 3 Projects for non-major acquisitions (<$150M) can follow the EVM approach as described in EVM for Small Cat. 3 Projects








Rev 2


			This table is based on Figure 1-1 NASA EVM Requirements from NASA/SP-2012-599 - Earned Value Management (EVM) Implementation Handbook





						NASA Projects (Category 1 and 2)


						$0 to $20M			$20M to $100M			>$100M


						Non-EVM Performance Mgmt			32 Guidelines NASA System			32 Guidelines NASA System


						NASA Projects (Category 3)


						$0 to $20M			$20M to $150M			>$150M*


						Non-EVM Performance Mgmt			EVM for Small Cat. 3			32 Guidelines NASA System





						Flow-Down to Contractors and Lower Tier Subcontractors





						$0 to $20M			$20M to $100M			>$100M


						Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD			32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs			32 Guidelines Validated
Full EVM Terms and Conditions of DRDs





						* Note Small Category 3 Projects for non-major acquisitions (<$150M) can follow the EVM approach as described in Appendix E:  EVM for Small Cat. 3 Projects
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						NASA Projects 


						<$250M						≥$250M


						EVM Optional						32 Guidelines/NASA EVM System Description





						EVMS Flow-Down to Contractors and Lower Tier Subcontractors





						$0 to $20M			$20M to $100M			>$100M


						Non-EVM Performance Mgmt
Terms and Conditions of DRD			32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs			32 Guidelines Validated
Full EVM Terms and Conditions of DRDs





						* Note Small Category 3 Projects for non-major acquisitions (<$150M) can follow the EVM approach as described in Appendix E:  EVM for Small Cat. 3 Projects








Rev 3 Contractor Only


			Flow-Down to Contractors and Lower Tier Subcontractors








						$0 to $20M			$20M to $100M			>$100M


						Non-EVM Performance Mgmt
Performance Mgmt Terms and Conditions of DRD			32 Guidelines Compliance
Full EVM Terms and Conditions of DRDs			32 Guidelines Validated
Full EVM Terms and Conditions of DRDs
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≥$250M


32 Guidelines/NASA EVM System Description


$0 to $20M $20M to $100M >$100M


Non-EVM 


Performance Mgmt


Terms and Conditions 


of DRD


32 Guidelines 


Compliance


Full EVM Terms and 


Conditions of DRDs


32 Guidelines Validated


Full EVM Terms and Conditions of DRDs


NASA Projects 


EVMS Flow-Down to Contractors and Lower Tier Subcontractors


<$250M


EVM Optional
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EAC Forecasting Formulas





















Overview



In wInsight 5.0, all forecasting formulas exclude management reserve (MR) when calculated for the

PMB element.  All forecasting formulas include MR when calculated for the top level element (i.e., at the CBB).  In prior versions of wInsight, the inclusion or exclusion of MR at the top level is controlled

by selecting the “Include MR in Level 1 forecast” Recalculate option.





3 Period (Month) Average



This method is calculated using a performance factor based on a three-period average of current period cost performance. Step by step, it is calculated as follows.  The example assumes that the current

period is March 1990.



1.  Compute the Performance Factor (PF):



PF = (March 90) BCWP (CUM) - (Dec 89) BCWP (CUM)



(March 90) ACWP (CUM) - (Dec 89) ACWP (CUM)





2.  Compute the quantity of Work Remaining (BCWR):



At the PMB BCWR = BAC - MR- BCWP (CUM) At Other Levels BCWR = BAC - BCWP (CUM)





3.  Compute the Estimate to Complete (ETC): ETC = BCWR

PF





4.  Compute the Cost at Completion (CAC): CAC = ETC + ACWP (CUM)



     EAC Forecasting Formulas	wInsight Formulas









6 Period (Month) Average



Same as the 3 Period (Month) Average except compute the CPI's and performance factor using six periods.





Cumulative CPI



This method is calculated using a performance factor based on cumulative cost performance.  Step by step, it is calculated as follows.  The example assumes that the current period is 30 June 1990.



1.  Compute the Performance Factor (PF): PF = (30June90) BCWP (CUM)

(30June90) ACWP (CUM)





2.  Compute the quantity of work remaining (BCWR): BCWR = BAC - BCWP (CUM)





3.  Compute the Estimate to Complete (ETC): ETC = BCWR

PF





4.  Compute the Cost at Completion (CAC): CAC = ETC + ACWP (CUM)



Current CPI



Same as Cumulative CPI except current period data in used in step 1.





Cost & Schedule



This method is calculated using a performance factor based on a combination of cost and schedule performance, and user chosen performance weightings.  It is calculated as follows:



CAC =  	BAC - BCWP (CUM) 	 + ACWP (CUM) ((A) x CPI (CUM)) + ((B) x SPI (CUM))





where A = the cost weighting (e.g., 0.80)



B = the schedule weighting (e.g., 0.20)





The sum of A and B must equal 1, and the BAC excludes MR.  This formula is further explained in the

AFSC Guide to Analysis of Contractor Cost Data, I September 1989, page 20.







Linear Regression



The linear regression formula is calculated by finding the formula for the straight line that best fits the plot of cumulative ACWP vs. cumulative BCWP (Figure 1), then entering the BAC into that formula

to calculate the EAC (Figure 2).
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BCWP at Different Periods





FIGURE 1



Figure one shows a plot of cumulative ACWP vs. cumulative BCWP for a number of periods, along with a “best-fit” straight line passing through the points.  The straight line can be used to estimate the ACWP for any given BCWP.
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BCWP at Different Periods	BAC





FIGURE 2



Figure 2 illustrates how the best-fit straight line is used to calculate the EAC.  The EAC is the value given by the straight line formula for the point at which the BCWP equals the BAC.



The best-fit straight line (like any straight line) can be expressed by an equation of the form:



Y = (slope) * X + (y-intercept)





In this case, the slope and y-intercept are calculated using a standard technique called “linear regression”, as follows:



Sx = Sum of  BCWP (CUM) Sy = Sum of  ACWP (CUM)

Sxx = Sum of  (BCWP (CUM)  *  BCWP (CUM)) Sxy = Sum of  (BCWP (CUM)  * ACWP (CUM )) N = Number of data points (periods)

slope =  (Sxy – (Sx * Sy) / N) / (Sxx – (Sx * Sx) / N)



y-intercept = (Sy – (slope * Sx)) / N





The resulting formula is used to calculate EAC, as shown: EAC = (slope) * BAC + (y-intercept)



Performance Factor



Same as the 3 Period (Month) Average calculation, except, in Step 2, the performance factor is user specified instead of calculated.  In addition, in Step 3 the work remaining (BCWR) is multiplied by the performance factor instead of dividing by it.  Therefore, to project a 10% overrun in work remaining,

the performance factor would be 1.10.







CPI*SPI








This method is calculated using a performance factor based on a combination of cost and schedule performance.  It is calculated as follows:

CAC =     BAC - BCWP (CUM)  . + ACWP (CUM) CPI (CUM) x SPI (CUM)











MICOM EAC



The example assumes that the current period is 30 June 1990.



1.	Compute the six period average cumulative CPI:



6pCPI = (30June90) BCWP (CUM) - (31Dec89) BCWP (CUM)



(30June90) ACWP (CUM) - (31Dec89) ACWP (CUM)





2.  Compute the Cumulative SPI: SPI = BCWP (CUM)

BCWS (CUM)





3.  Compute Performance Factor: PF = 6pCPI x SPI





4.  Compute the Budgeted Cost of Work Remaining (BCWR): BCWR = BAC - BCWP (CUM)





5.  Compute the Estimate to Complete (ETC): ETC = BCWR

PF





6.  Compute the Cost at Complete (CAC): CAC = ETC + ACWP (CUM)















EAC Formula Substitutions





















Overview



EACs cannot be calculated using the specified formulas under certain conditions.  Such a condition occurs, for example, when wInsight attempts to calculated the six period average EAC for a contact with only one period of data.  In other instances, data exists but is considered invalid.  For example, when BCWP, BCWS, or ACWP values cause a formula to attempt division by zero.  When these conditions arise, other values are substituted for the EAC calculations.





Substitutions





Lack of Data



Some formulas require multiple periods of data for their calculations.  For instance, the Three Period

(Month) Average requires four periods of data (the example in the previous chapter used Dec 89 to

Mar 90, which equals four months).  wInsight will perform the calculation using the required number

of periods, or as many periods as are available.  For example, if only Dec 89, Jan 90, and Feb 90 data exists, wInsight will still perform the Three Period (Month) Average calculation, but using only three months of data (i.e., a two month average).





Division By Zero



In general, EACs follow the form:



EAC = [BAC – BCWP (CUM)] / Performance Factor





If the Performance factor is zero for any reason, the EAC cannot be calculated, since division by zero

is never permissible.  For example, the CUM CPI forecast uses a performance factor given by (BCWP (CUM)) / ACWP (CUM)).  If ACWP (CUM) is zero for the given period, the Performance Factor, and hence the EAC, cannot be calculated.



Whenever a division by zero prevents a formula from being calculated, the following substitutions are made for the EAC:



	If BCWP  BAC, then the larger of ACWP or LRE is used



	If BCWP < BAC, then the larger of BAC or LRE is used



	For MR or UB calculations, the larger of BAC or LRE is used.
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Linear Regression



The Linear Regression formula can fail due to a division-by-zero error when calculating the slope of the best-fit line (see the discussion of Linear Regression above).  In this case, substitutions follow the

Division by Zero rules.





MR & UB Calculations



All calculations involving MR and UB use a level-1 performance factor.
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