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AbstractAbstractAbstractAbstract

Abstract: This presentation will discuss the ongoing work toward 
completing a Joint Confidence Level of cost and schedule uncertainty 

ith h i l h i d th i t f lwith emphasis on annual phasing, and the impact of annual resource 
availability on a JCL. The author(s) will show how a schedule network 
with uncertainty can be replicated in ACEIT, and how the cost estimate 

ith t i t b li k d ith th h d l Th t ti illwith uncertainty can be linked with the schedule. The presentation will 
illustrate how the schedule and uncertainty can impact both the total 
cost and the cost phasing of the cost estimate. The presentation will 
l d t t h th t i ACEIT 7 2 b d talso demonstrate how the new reports in ACEIT 7.2 can be used to 

visualize the JCL annual results. 

Presentation Purpose: Provide background on Joint Confidence Level 
analysis Discuss JCL methodologies and implementation in cost andanalysis.  Discuss JCL methodologies and implementation in cost and 
schedule applications.  Show examples of JCL analysis and reports –
both cumulative and annual.
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OverviewOverviewOverviewOverview

Joint Confidence Level (JCL) Introduction
Background & Overview

JCL Details
Cost & Schedule Methodology OverviewCost & Schedule Methodology Overview
Project JCL Goals & Solution
Reliance on Project Data

Annual View of Cost Uncertainty

JCL Methodology Overview
Schedule Replication in Cost Modelp
ACE Implementation
Standard Visualizations
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Joint Confidence LevelJoint Confidence LevelJoint Confidence LevelJoint Confidence Level

A view of cost and schedule confidence level, together

Probability that a given program’s cost will be equal or less then the 
targeted cost AND schedule will be equal or less then the targeted 
schedule dateschedule date

Analysis that provides insight to decision makers regarding the y p g g g
probability of success for a given program plan

It i NOT t l d t ifi li tiIt is NOT a tool, product, or specific application

It is a “Systematic process” of integrating cost, schedule, and riskIt is a Systematic process  of integrating cost, schedule, and risk 
into a cohesive picture of the program’s ability to achieve cost and 
schedule goals
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Source Data & Results Source Data & Results 
VisualizationVisualization

Source Data & Results Source Data & Results 
VisualizationVisualization

COSTCOST JCL

PLAN

DRIVERS
RISKS

DRIVERS
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Identification of Two Separate Identification of Two Separate 
Cost BehaviorsCost Behaviors

Identification of Two Separate Identification of Two Separate 
Cost BehaviorsCost Behaviors

Time-Dependent (TD)
[LOE]

Time-Independent (TI)
[End-Item Related Effort]
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JCL Models Cost as a Function JCL Models Cost as a Function 
of Scheduleof Schedule

JCL Models Cost as a Function JCL Models Cost as a Function 
of Scheduleof Schedule

TD CostTI Cost

Schedule

Requires Multiple Items
Costs Broken into TD and TI Cost Behavior Schedule Uncertainty

TI C t U t i tTD Cost Modeled as a Function of Schedule 
(Duration * Burn Rate)
TD Burn Rate Uncertainty

TI Cost Uncertainty
Correlation between Schedule and TI-
derived costs
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Typical Project JCL GoalsTypical Project JCL GoalsTypical Project JCL GoalsTypical Project JCL Goals

Timely: Complete the JCL analysis for the milestone event in the given 
timeframe

Transparency: Utilize the current cost, schedule, and threat information 
to allow for thorough review during senior level review

Defendable: Support all analysis with relevant project data to ensure 
successful project advocacysuccessful project advocacy  

Traceable: Perform comparisons to prior analysis cycles and ensure 
that current results continue to show the evolution of the project 
position

Annual: Provide insight into the annual cost/schedule requirements of 
the project and the adequacy of the current funds and timeline
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Focus on Quality and Adherence to NASA HQ JCL Quality Standards
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A Solution for Meeting All GoalsA Solution for Meeting All GoalsA Solution for Meeting All GoalsA Solution for Meeting All Goals

1. Use Existing Tools:
Use a schedule application to build the Schedule and perform theUse a schedule application to build the Schedule and perform the 
Schedule Risk Analysis
Use ACEIT model to house cost estimate and JCL-A implementation

Id tif S h d l A ti iti d Obt i St ti ti2. Identify Schedule Activities and Obtain Statistics:
Identify the summary schedule activities that are linked to the cost 
model (those activities that would otherwise be cost loaded in the (
schedule tool)
Extract risk statistics for identified schedule activities
Analyze resulting correlationAnalyze resulting correlation
Import schedule activities risk statistics into cost model

3. Create JCL-Annual Model in ACE
Make cost model phasing and calculation sensitive to schedule duration
Run risk simulation to calculate results for dates, duration, costs, and 
phasing
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phasing
Total Cost is a Function of Duration and Costs are Phased Annually
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JCL Relies on Project DataJCL Relies on Project DataJCL Relies on Project DataJCL Relies on Project Data

Cost Estimate

P i S b it
NonPrime Estimate

Schedule Estimate

A ti iti &

JCL

A il B d tPrime Submit
Prime Estimate

Activities &
Logic Network

Avail. Budget

Cost Uncert.
Cost Threats

NAFCOM

SEER-H

Duration Uncert.
Schedule Threats JCL Modeling

SEER-SEM

Risk List
S h d Ri k St t

TD/TI Breakout Cost Loading
Sched Risk Stats

TD/TI Values

Cost
S-Curves

Cost
Drivers

Sched
S-Curves

Sched
Drivers

Cumul.
JCL

Cost 
w/SRA

S-Curve
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Annual 
Risk Stats
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JCL with Insight into JCL with Insight into 
Annual ValuesAnnual Values

JCL with Insight into JCL with Insight into 
Annual ValuesAnnual Values

Annual View of Cost Risk Statistics with Schedule Uncertainty
Ability to compare Time-Phased Risk against Annual Budget
Ability to display impact in out-years of rephased cost and scheduleAbility to display impact in out-years of rephased cost and schedule
Available Visualizations Include:  Cumulative & Annual

Able to display delta value between requirements and confidence level target

Period of 
increasing 
uncertainty

Cumulative 
$ Delta to 

Targety g
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Additional Benefits from Additional Benefits from 
Annual ValuesAnnual Values

Additional Benefits from Additional Benefits from 
Annual ValuesAnnual ValuesAnnual ValuesAnnual ValuesAnnual ValuesAnnual Values

Provide insight into sizing of reserve levels required by year
Indicates years (periods of time) of low and high funding 
relative to the underlying effort
Data can be normalized as % delta to current funds
Delta can be shown as Annual values or Cumulative totalDelta can be shown as Annual values or Cumulative total

Dollar Delta to 
Budget on 

Annual Basis
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Key Enablers for JCLKey Enablers for JCL--AAKey Enablers for JCLKey Enablers for JCL--AA

U t i t (C t d S h d l ) U t i t t b li d t t dUncertainty (Cost and Schedule): Uncertainty must be applied to cost and 
schedule parameters

Correlation: Must be able to correlate uncertainties

Discrete Risk Modeling: Allow for impact of discrete threats on cost and schedule

Cost Re-Phasing: Cost must be rephased according to new schedule dates from 
simulation (e.g. time-independent)

Cost ReCalculation: Cost must be recalculated and spread over new schedule 
duration from simulation (e.g. time-dependent)

Result: Must have capability to extract both cumulative and annual risk statistics
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Integrating Schedule in Cost ModelIntegrating Schedule in Cost ModelIntegrating Schedule in Cost ModelIntegrating Schedule in Cost Model

Key to JCL is to have Cost linked to Schedule

• Schedule sensitizing a cost model means :
– Cost Linked Schedule activities are captured in cost model with 

associated dates and uncertainty
– TD (LOE) costs are functionally related to schedule durationTD (LOE) costs are functionally related to schedule duration
– Cost is phased over the schedule duration
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Schedule Logic in ACESchedule Logic in ACESchedule Logic in ACESchedule Logic in ACE
Replication of Schedule is Key

Rollup Schedules are calculated based on Min/Max of lower level elements, not summation

Methodology Applies the Mathematical Technique That a Rollup Schedule is Determined 
by the Max of Lower Level Schedule Activities.

Each activity FD is modeled as a separate distribution using CDF generated from schedule 
risk toolrisk tool
Rollup FD in cost model is calculated based on the max of the lower level activities
Resultant Correlation from the schedule risk tool is used to correlate the lower level 
schedule  items

Rollup Duration

MAX
Element 1

CORREL MATRIX

Element 2

El t 3
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Element 3

15



Steps to Replicate Schedule Steps to Replicate Schedule Steps to Replicate Schedule Steps to Replicate Schedule 

Identify activities in 
schedule for which costs 

ill b li k dwill be linked

Conduct Schedule Risk 
Assessment in schedule 
tool, including 
incorporation of Risk items

Extract statistics for allExtract statistics for all 
activities at same level of 
cost-linked activities

Extract resultingExtract resulting 
correlation between these 
elements (use JCL 
schedule extraction utility)y)

Import into cost model
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ACE ImplementationACE ImplementationACE ImplementationACE Implementation

ACE contains functionality to enable JCL calculations usingACE contains functionality to enable JCL calculations using 
Schedule Uncertainty Data

Schedule Calculation Methods
Duration/Finish Date Calculations
Schedule Uncertainty Statistic Incorporation
Summary Schedule Calculations (Start Date, Finish Date, Correlation)

Duration Sensitive Cost Estimation Methods
Burn Rate Calculations
Cost as Function of Duration CalculationsCost as Function of Duration Calculations
Cost Re-phasing

JCL Results
S-Curves and Risk Statistics Reports (Cost  / Schedule)
Cost vs Schedule Scatter Plot
Annual Cost Risk Results Over Time
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Duration CalculationsDuration CalculationsDuration CalculationsDuration Calculations
Importing Start Date and Calculating Duration from Finish Date with Schedule Risk
Including Duration from PertMaster in Import allows for comparison during 
validation

S h d l A ti iti i t d Schedule Activities contain the Schedule Activities imported 
have a Plan Start Date, Finish 
Date from the Schedule Risk 
Simulation, and Calculated 

Duration

Calculated Duration from 
PertMaster as well as the 
Calculated Duration using 

Custom CDFs – compare for 
Validation 

ComparisonComparison
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Incorporating Schedule StatisticsIncorporating Schedule StatisticsIncorporating Schedule StatisticsIncorporating Schedule Statistics
Importing Schedule Risks from PertMaster captures results from Schedule 
risk simulation as multipliers to a Plan Baseline Finish Date (Custom CDFs)

Schedule Activities are 
Imported with Plan Finish 

Date and Custom CDF with 
Unique Keyword Name

Schedule CDFs for each 
Activity available for use in 
JCL-A Model via Unique ID

Custom CDFs replicate 
the results from 
PertMaster with 

Multipliers to a Plan 
Finish Date Confidence
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Custom CDFs are stored in 
the model representing the 
results of the Schedule risk 
simulations in PertMaster

Finish Date Confidence 
Intervals
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ACEIT ACEIT vsvs Schedule Schedule 
Uncertainty ComparisonUncertainty Comparison

ACEIT ACEIT vsvs Schedule Schedule 
Uncertainty ComparisonUncertainty ComparisonUncertainty ComparisonUncertainty ComparisonUncertainty ComparisonUncertainty Comparison
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JCLJCL--A provides Standard JCL A provides Standard JCL 
VisualizationsVisualizations

JCLJCL--A provides Standard JCL A provides Standard JCL 
VisualizationsVisualizations

JCL-A model continues to provide Total Cost and Finish Date as a 
pair of values for plotting on an XY or Contour Graph
Can use either C-SPOT or features in ACEIT 7.2 Total Cost and Finish 

Date results asCan use either C SPOT or features in ACEIT 7.2 Date results as 
simulation pair for JCL 

plotting
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ConclusionConclusionConclusionConclusion

Key Lessons Learned:
Joint Confidence Level analysis provides integrated look at cost and 
schedule risk
Cost and schedule tools can be used to calculate JCL
Results can be viewed either cumulatively or annuallyResults can be viewed either cumulatively or annually
Schedule sensitizing a cost model can provide the ability to calculate 
cost as a function of schedule duration
It i ibl t li t S S h d l d D t il S h d lIt is possible to replicate a Summary Schedule, and Detail Schedules, 
with schedule risk stats and resulting correlation

Leveraging both Schedule & Cost platforms to complete JCL ensures 
the “best of both worlds”

Schedule Platform completes a robust and thorough Schedule RiskSchedule Platform completes a robust and thorough Schedule Risk 
Analysis
Cost Platform completes an integrated Cost Risk Analysis 
Pl tf d f h t th d b t
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Platforms are used for what they do best
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THANK YOU!
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