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Abstract: This presentation will discuss the ongoing work toward
completing a Joint Confidence Level of cost and schedule uncertainty
with 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
with uncertainty can be linked with the schedule. The presentation will
llustrate how the schedule and uncertainty can impact both the total
cost and the cost phasing of the cost estimate. The presentation will
also 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 and
schedule applications. Show examples of JCL analysis and reports —
both cumulative and annual.
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Joint Confidence Level (JCL) Introduction
e Background & Overview

JCL Detalls

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

Annual View of Cost Uncertainty

JCL Methodology Overview
e Schedule Replication in Cost Model
e ACE Implementation
e Standard Visualizations

Conclusion

verview
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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 date

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

It is NOT a tool, product, or specific application

It 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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+ Time-dependent cost is a function of the burn rate and task duration
¢ Total Cost = Burn Rate * Duration

A Combined
Uncertainty
Duration
Uncertainty
Time-Dependent Cost
Cost

Duration P>

Senavliors

Time-Dependent (TD)
[LOE]

Time-Independent (TI)
[End-Iltem Related Effort]

¢+ If the Duration of the task changes, cost may be rephased over the new
Duration, but Total Cost remains the same

¢ Burn Rate, = Total Cost / Duration, (BR, = TC/D,)

4 Cost
Uncertainty
Time-Independent Cost
Cost

Duration >
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of Schedule

TD Cost

| I
I B
| Tl Cost| -
' !
| - Al
|
Cest Date

Row 16 17
Cost 16 000| 0.661
Finish Date

A

N -

E 1,620.7}

Finish Date - TD and TI Cost Behavior vs Total Costs - TD and TI Cost Behavior

29.0%

55%

2,620.7}

- TD and TICost Behavior

Total Costs

502%

443%

208%

$¥lczn  stoeczaz  sipeczors

Finish Date - TD and TI Cost Behavior

31 Dec 2018

S1Dec2015 31 Dec 2016 910ec2017 31 DecZ0l8 31 Dec 2019

m Requires Multiple Items
e Costs Broken into TD and Tl Cost Behavior

e TD Cost Modeled as a Function of Schedule

(Duration * Burn Rate)

e TD Burn Rate Uncertainty

Schedule Uncertainty

T1 Cost Uncertainty

Correlation between Schedule and TI-

derived costs

WES/CES Description Approp | Unigue [D Point Estimate TVE?QE? Equation / Throughput F\}sec;arl Units | Start Date |Finish Date Dlslt:rélig;[lnn

**Modeled as TD and Tl Costs
'Total Costs - TD and Tl Cost Behavior $ 1.500.000 (42%) *
Tl Costs - TD and Tl Cost Behaviar 3600 § 1,000.000 (£0%) * BE 10000 2009 &M JLC3_SD JLCS_FD LogMarmal

TD Costs - TD and Tl Cost Behaviar 36800 § 500000 29%) * T= JLC3_BurmRate * JLC3_Duration, 2009 §M JLC3_SD| JLC3_FD
'TD Burn Rate 3800 JLC3_BurmnRate $8.333 (44%) * C 500 /&0 Beta
'Finish Date - TD and TI Cast Behavior JLC3_FD| 15MOW2014 (29%) © C DateAdd(JLC3_S0, 0 JLC3_Duration)
'Duration {Months) JLC3_Duration 60.000 (29%) * C 60 LogMoarmal
- JLC3_SD 15MNOW2009 * C 15Mov2003

Start Date
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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 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

Focus on Quality and Adherence to NASA HQ JCL Quality Standards
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A Solution for Meeting A

1. Use Existing Tools:

e Use a schedule application to build the Schedule and perform the
Schedule Risk Analysis

e Use ACEIT model to house cost estimate and JCL-A implementation

2. ldentify Schedule Activities and Obtain Statistics:

e |dentify the summary schedule activities that are linked to the cost
model (those activities that would otherwise be cost loaded in the
schedule tool)

e Extract risk statistics for identified schedule activities
e Analyze resulting correlation
e Import schedule activities risk statistics into cost model

3. Create JCL-Annual Model in ACE

e Make cost model phasing and calculation sensitive to schedule duration
e Run risk simulation to calculate results for dates, duration, costs, and

Total Cost is a Function of Duration and Costs are Phased Annually

1109
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NonPrime Estimate

JCL Relies on Project Data

Cost Estimate

> Prime Submit

Prime Estimate

I

NAFCOM R

SEER-H
SEER-SEM

Risk List |/

Cost Uncert.
/'Cost Threats

TD/TI Breakout?

10
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Annual VValues

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 schedule
Available Visualizations Include: Cumulative & Annual

e Able to display delta value between requirements and confidence level target

Confidence Band Qver Time Confidence Band Over Time
: Annual Values . Cumulative
5-95% Bound
==Ayailable Budget 1
2 ~+500% Target Level
-+-Mean (Expected Valug) 12

5-95% Bound
=s=Available Budget
—50% Target Level
—+Mean (Expected Value)

05

Fiscal Years Fiscal Years
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Annual VValues

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 total

RY$M - Delta to Budget

Risk Band Over Time

Annual Values - $Delta to Budget

f=1
en

Mo =

/

A\

2008 2000

=]
on

Dollar Delta to
Budget on
Annual Basis

/ 2012

2013 2014

20

5-85% Bound
~+-50% Target Level
—+Mean (Expected Value)
—Budget

Fiscal Years

RYS$M - Delta to Budget

Risk Band Over Time
Cumulative Values - $Delta to Budget

5-95% Bound

Tl ==50% Target Level
-=-Mean (Expected Value)
1| —Budget

= . ‘ ‘ ‘
(066 — 2011 2012 2013 2014 2

Fiscal Years
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Uncertainty (Cost and Schedule): Uncertainty must be applied to cost and

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

Cost ReCalculation: Cost must be recalculated and spread over new schedule

Result: Must have capability to extract both cumulative and annual risk statistics

1109 13
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ing Schedule in Cost Mode

Key to JCL is to have Cost linked to Schedule

¥ 06c - Advanced ...mns (BY2010$K) o Rem
= [} Deseriptian Start Finish
WBS/CES Description Unigue \D| Point Estimate | Equation / Throughput ‘ RI$K Specification ‘ b | 'A010 | Project Start. 12 Oct 05
55 Totel Totel§ | § 764,517 224 (37%) * A020  |Pre e 03 Jan 06 ---
56 ROTSE ROTSES| 93154195 (24%) * A030 | Agree Cartract 120ct05 | 250ct05 [ 10 1
a7 Concept Refinement A A040 | Detailed specification 15 | 2B0Ct05 15 Mow 05 14 15 20
58 Confractor A CEEE ICost Throughpud] b | 2050 | Source subcortractors 50|HH 250ct05 03 Jan 06 a8 &0 75
59 Cartractor B §571.522¢ [Cost Throughput]
B) | Testeobny Deveenent 541230+ (| v— prinis Jtanovie ) | |
B1 Contractor A $2,156.194 20 Initial ciesign 40 04 Jan05  28Feh 06 36 40 44
62 Cortractor B 52156194 ¢ 20 Design guidance system 60 01 War 06 | 23 May 06 54 60 66
53 System Development and Demarestration § 87 553,986 (24%) * S ey 0 T CErdS | 1900 63 9 0 B
54 Devsloprment Enginesring 5 41 483,525 (36%) * SN - 3 || G - - -
&5 Sir Vehicle AVS 10882817 (20%) * i Tl system ar ul
EB Basic Structure $ 5102286 (52%) Struc_T13 * NRT1Rstio Design racket engine 120 15 Mar 06 | 29 Aug 06 108 120 132
67 Navigation/Guidance $1,406380 (41%) * 425 555+25.555°PCDWT Form=hormal, PE=hiean, Design frame 54 15War 06 | 29 May 06 a3 54 0
68 Propuision $2399:545 (41%) * 000 * NREC_Prop_Cpix% Form=hormal, PE=hiean, Final design 5 30 Aug OE 14 Mov 0B 2 66 a3
69 Software AVING 2,086 506 (5%) © SWLak * AVEVHS
Fal on P————— 24 Jul 07

m o o sss azsmana e [Fabrteation | _180| | tstons | 2adior || I
71 Procure OTS Parts 51028375 (17%) * GSUCE * NGndStat Fabricate frame, fuel system and ¢ a0 15 Mow 06 06 Mar 07 72 80 104
72 Design New Parts $ 6427 353 (40%) 4500 * Complexc Form=Mormal, PE=Male, Fabricate guidance system 110 15 Mav 06 17 Spr 07 29 110 143
73 Software $17 524 085 (47%) SHLabl * GESWHrs Assemble 30 13 Jun 07 24 Julo? 29 36 45

Irt & Assy 55,410,885 (39%) © 154 (AYEFYTot + GSEFYTot) Forme=hormal, PE=hadle, i
7 e, CraDHAs, festha | st] ormarsrjozoetor L)
75 Prototype Manufacturing $ 3691 594 (45%) * Test frame, fuel system and engin: 35 OF Mar 07 24 Apr 07 32 35 46

&ir Vehicle 3309167 (50%) * 157 8V TS Formeiormal, PE=hiean, Test guidance system 40 18 Apr 07 | 12 Jun 07 28 48 60
78 CV=025, Seed=522408
77 WMokl Graund Stat 5382 427 (26%) 1754 TG5_T§ Form=tlomml, PE- POeliEE g I 25407 | 02 Oct 07 & i i

tobile Groun o B * ‘orm=hormal, PE=hiean,
. = Delivery w
78 SEPM $31 713 014%) =
= Defivery 10 030ct0?  160ct07 El 1o 11
< | >

RIgK Al Columns {Methodology /WESJCES / A240 | Project completion 0 16 D 16 Oct 07

 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 duration
— Cost is phased over the schedule duration
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m Replication of Schedule is Key
m Rollup Schedules are calculated based on Min/Max of lower level elements, not summation

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

e Each activity FD is modeled as a separate distribution using CDF generated from schedule
risk tool

e Rollup FD in cost model is calculated based on the max of the lower level activities

e Resultant Correlation from the schedule risk tool is used to correlate the lower level
schedule items

Rollup Duration I ;

1109 15
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ldentify activities in
schedule for which costs
will be linked

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

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

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

Import into cost model

Steps to Replicate Schedule

(lli Distribution Graph

File Edit View Format Tools Help

BT R

| [ Search ]

ENI2) <EntirePlan
& ADL0 - Project Start
™ ADZ0 - Preliminaries
7= ADGD - Design
™ A140 - Fabrication
™ A180 - Testing
™ A220 - Delivery
& 5240 - Project completion

Rocket Plan
Entire Plan : Finish Date

120

— 100% 18 Apr D&
- 95% 25Feh 03
 90% 11 Feh 03
- 93% 04 Feh 03
80% 28 Jan 03

100

a0

Hits

~ 7a% 22.Jan 08
~ 70% 17 Jan 08
~ Ba% 11 Jan 08
~ B0% 09 Jan 08
~ 55% 07 Jan 08
30% 02 Jan 05

B0

40

20

25 Mo 07 14 Jan 08 04 tar 0
Distribution (start of interval)

- 43% 28 DecO7
- 40% 27 Dec 07
- 33% 24 DecO7
- 30% 20 DecO7
- 23% 17 Dec 07
- 20% 12Dec 07
- 19% 07 Dec 07
~ 10% 30 Mov OF

- 8% 23 Mov 07
= 0% 26 Oct 07

Cumulative Frequency

Tasks / Resources

Finish Date | Start Date . Duration /, Float | Cost | MPY  IRR.
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m ACE contains functionality to enable JCL calculations using
Schedule Uncertainty Data

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

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

m JCL Results

e S-Curves and Risk Statistics Reports (Cost / Schedule)
e Cost vs Schedule Scatter Plot
e Annual Cost Risk Results Over Time

1109 17
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validation

Schedule Activities imported
have a Plan Start Date, Finish

Date from the Schedule Risk
Simulation, and Calculated

YWBES/CES Descriptio

*=* Cost Loaded Schedules

* Project

Project Stant Date
Praject Finish Date
Praject Finish Date - Fro
Praoject Duration

Perthlaster

Praject Dev Start Date
Project Dev Finish Date
"Rr.nject Dev Duration

L4

L4
L4
[
-
.

*

v
L
a
L ]
oy
LT T .
EEEEEEEEEEE

*T&Y (Flight Tests)
T&N Start Date
T&M Finish Date
T&W Duration
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Duration
. Phasing
Unique D Methad

Project S0 C

Project FD C

C

Praject_Duration C

.l.......

0..

. C

Project Dev SO0 % C

Project_Dev_FD <

Prnject_FSDev_Duratiqn"
“
““

a®
---‘-‘-ll

Ta&Y_SD C
T&N_FD C
T&% _Duration C

¥ 4EEEEEEEEEEEEEEEEEEEEN

Equation / Throughput

PlanDate
ProjectloC_FD

ProjectiOC_PWM_FD

DateDayDiffiProject_SD,

roject_FDj+1

FlanDate

PlanDate
FltTests_FD

DateDayDifiT&Y_SD, T&v_FDj+l

Importing Start Date and Calculating Duration from Finish Date with Schedule Risk
Including Duration from PertMaster in Import allows for comparison during

Schedule Activities contain the
Calculated Duration from
PertMaster as well as the
Calculated Duration using
Custom CDFs — compare for
Validation

PERIDERS (D) BERellis (e PlanDuration (1) Plan Duration

Date

DOMMMYYYY [Enter Plan
ProjectlOC_FD PlanDate

DateDayDiff(Project_SD.PlanDate,
Project_FD PlanDate)+1

DOMMMYYYY [Enter Plan

. Do Haromogk . . . . Py Hagmeek Flanbalg v v s csnsnsnnnnnssnsnnnnns,
(4 DateDayDiffProject_Dev S0, Project_Dev FD)+1 -

e o e e e | DateDayDiffiProject_Dew SD.PlanDate,
Comparison Project_Dev_FD.PlanDate)+1

A EEEEEEEE NN NN NN EEEEEE NN NN NN EEEE NN EEEEE NN NN NI NN EEEEEEE NSNS EEEEEEEEEEEN

DOMMMYYYY [Enter Plan
FliTests_FD PlanDate

DateDayDiffiT&_SD.FlanDate,
T&Y_FD.PlanDate)+1
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Incorporating Schedule Statistics

Importing Schedule Risks from PertMaster captures results from Schedule

risk simulation as multipliers to a Plan Baseline Finish Date (Custom CDFs)

1109
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WBS/CES Description Unigue 1D TVE?]IQE Equation f Throughput PlanDate (Date) Baseline Plan Date D|5’t:r||j|:;t|r‘:|on COF Keyward
|* Schedules with Uncertainty ..
Project 10C - calculated ProjectlOC_FD Max{Reqts_FD, FltTests_FD, SW FD, Max(Reqts_p0. Schedule Activities are
Labs FD,GTA_FD, STA_FD, CornpQual_FD, FltTests_FD.PlanDate, SW/F0.]  Imported with Plan Finish
SysQual_FD, Project1_FD, Project2_FO) Labs_FD.PlanDate GFA_FD Date and Custom CDF with
STA_FD.PlanDate, Compflual_FD ;
Syslual FD.PlanDate, pProject! FD. Unique Keyword Name
SOCLLLE TN Project?_FD.PlanDate)
L
Project 10C- S-Curve '.ﬁrnjectIOC_F'M_.F’D’ PlanDate 1] WYYy [Enter Plan Date] CDF Project 10C
.: “‘ “-l“--------.--. ............llll
Reqgts . Reqts_FD| % c ¢F‘fanDate DOMMARYYYY [Enter Plan Dafeﬁ. CDF Reqgts
Flight Tests ' FitTests_FD| = c ' F'IanDate DOMMATY Y'Y [Enter Flan Datej . CDF Flt_Test
Software H sw FD & c Fﬂ&nDate, . DoMUY Y J’Enterﬂ'an E"c.*?ej CDF Sy
. "EEENEmEw
Labs K Lahs_FD| 2 c PlanDate ool Fat el J’Ente.r Pian Date] COF Lahs
GTA ’0’ GTA, FD' C PlanDate MMATYYYY [Enter FlanDatal COE LTe
.0 LR SEEEEEEEENENYN
ETA — Treaes g‘”:'ig E oottt BADAR "Q?mmﬁﬁ::g E”te i Schedule CDFs for each
omp Llua "“IIIIIIIIIIII IRHRREE sEEEm nEEEREEEEEEEa, : x| v J’ ey ACthlty avallablefor useln
Sys Cual K =l e, 2 e [Frres DEIATYYY [Enter A JCL-A Model via Uniaue ID
Project 1 . BT, (s (et Percam [ T a mustbe inascendngorder. — IEIAIMYYY'Y [Enter B q
3 n ™ : - Thrm:tm.lﬂw:mba:c:'ﬁ:hmm:ﬂm. -
Project 2 . Comgplual s relmaresl DRI £ 1w I T D o percentcae nbe bt 0o 100 DMMIMY Y'Y [Enter Plan Date] COF Froject 7
M O s ol ] ] w n you may have 1.0 at 50% confidence and 1.25 at 75%
: [ ik g:lﬂml W‘Pmﬂ“ﬂ ; : : :
] Gk s ol BeEaE [ e IS T o) u [ ] a
Frod Hammock? - et i 5 = : s [ m&-ﬂuu‘ — M =] DMMMYYYY [Enter Plan Date] CDF Prod_hammock
tl&l Harmmock oron ﬁ;m, CACTHII00 L1130 P " . " | 2 | 100000000000 0.9996800987986 DMMMVVVY J’Ente.r Flan Datej CDF MGMT_Hammnck
Dev Hammock = e o — a5 T[4 om0 oooiemersen MAYYY'Y [Enter Plan Date] CDF Dev_Hammack
P | Soeminem gl 1§ B oeos jmomeof
. J | E . . 7 | £.00000000000 1000335723640 .
[ ] P I Cops I e Fabvaah I (<] I L] " | 8 | 7.00000000000  1.0003357233640 - -
Custom (0 thery . BI00 500000000000 1.co0ssar00ei2 Custom CDFs replicate
] e e Db e e the results from
., | comsi | b | BN 8 | T IIs dscrets distrbution (no termolation) - PertMaster with
....llIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII““ - - Multipliers toaplan
1 oK cancel | b || @ P ;
" s Finish Date Confidence

Custom CDFs are stored in
the model representing the
results of the Schedule risk
simulations in PertMaster

®susssmssssnnsnnnnnnnns®

Intervals
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_ Uncertainty Comparison

Schedule Uncertainty Delta

ACE Replication vs Source Data

30

20

10

—#— Project Total

= Summary 1

—— Summary 2

S S S S T TS ey

ST T A T é’*ﬁ“ﬁ"@“m‘?ﬂ“ﬂ‘?#qﬁ?qﬁq"&“
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Visualizations

m JCL-A model continues to provide Total Cost and Finish Date as a
pair of values for plotting on an XY or Contour Graph

i : Total Cost and Finish

m Can use either C-SPOT or features in ACEIT 7.2 Date results as
simulation pair for JCL
/ plotting
WES/CES Description Linigue D Point Estimate I;'ﬂh;iing i Equation / Throughput

* JCL-A Results (Cost Schedule Pair) - TY$M *JCLA

.F'rnjec:t Total Cost (RYEM)

'F'rnjec:t Finish Date

Project Finish Date vs Project Total Cost (RY$M)

s "

o 1583318 (43%)"/ F

" JSNOV2014 (28%) %o C

29.0% -
apa7| BAE 51.1 %
°
°
°
°
°
L] ® L
o~ 3,647 8 °
= ® o e ® e
] L
-
E °
" o ®
8
T 2,647
Q
e
b
o L ]
)
£
a
1,647
236 % Ld 199%
LRl 15 Moy 2014

316%730 2011 30 Jun 2013 30 Dec 2014 30 Jun 2016

Project Finish Date ()

30 Dec 2017 30 Jun

2019

JCLS TaotalCost * BYtaTY (3600, FYEBY FYYR)

0..‘$

JLC3_FD

Point Estimate

Project Total Cost [RYSM)
annual BY20085M Costs By Year
Calculated with 5000 iterations
Statistics

RISE

43.5%

2011

2012 2013 014 2015

5% 5-50% Bound — EEN m— Pipint Estimate ———
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m Key Lessons Learned:

e Joint Confidence Level analysis provides integrated look at cost and
schedule risk

e Cost and schedule tools can be used to calculate JCL
e Results can be viewed either cumulatively or annually

e Schedule sensitizing a cost model can provide the ability to calculate
cost as a function of schedule duration

e Itis possible to replicate a Summary Schedule, and Detail Schedules,
with schedule risk stats and resulting correlation

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

e Schedule Platform completes a robust and thorough Schedule Risk
Analysis

e Cost Platform completes an integrated Cost Risk Analysis
e Platforms are used for what they do best
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THANK YOU!
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