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Introduction

This presentation is a composite of lessons-learned and
tricks and tips collected over 30 years of performing
program and project risk assessments.

* Trending: Erosion of the deterministic completion date, band-aid
charts.
= Recommended approach for dealing with special issues.

= Tips for programs with multiple projects: Constrain human
resources, facility availability and availability of ground support
equipment.

= Tips on how to find and how to illustrate probabilistic critical paths.
= Best use of cost and schedule scatterplots.

= Tips on modeling planetary missions.

| hope these are helpful to you. | know that some of you already know
some of these and maybe a few know all of them.
However, the NCSS is a great place to show and archive them. |
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Time-line of Experience

Reed Support to NASA Projects
OCFO CID CMSS

NASA JCL Requirement
- 1]
Available . JACS
Monte Polaris
Carlo @Risk
Tools
| 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |
- ] N
MPCV and Constellation* Sage IlI* JWST
. I e - ] I
Projects — Genesis * JWST Orion and ESD* Isat-2 JPSS*
1] ]
MSL MAVEN* s
— RBI*

|
| *Multi-project Programs I
: #Direct support to project, all others are independent reviews |

L o o o — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — ]
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Topics
* Trending and BandAids
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Schedule Risk Analysis Trending for Genesis

Project wanted to display the effectiveness of their RM process over time

Oct. ‘00 _

Improve Estimates
= Improve knowledge PV. ‘00

of risk impact

= Reduce uncertainties [@& ‘00 .

= Begin mitigation
planning

an. ‘01

Ready Early

N

; Current Plan,

Zero Margin

olo

Low likelihood, big
| risk hit, but “ok”

-

o Feb. ‘01

T

%Mar. ‘01

©

D

A Apr. ‘01
May ‘01
Jun ¢ 01

Jul ‘01

PDR

/'__ \/

Launch
Window

Focus on mitigation planning
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BandAid Charts, What are they?

Confidence Level for LRD

|
I | I
' =So called because of the | | |
' resemblance to a BandAid. | i o |
| . | | o® |
i - A few examp’es. : : 0.70 10/10/2021,70% i
: 30%  40%60% 70% : : 3 0.60 :
| | g
: . : : _‘% 0.50 8/22/2621,50% :
: 20 Mean 20 : | Sow :
: A : : 0.30 71412021, 30% :
: 30% 70% : : 0.20 :
|

i . i : 0.10 i
| | 0.2(;. 29/20 3/31/21 7/31/21 11/30/21 4/1/22 8/1/22 |
- = Two examples follow: i . T R ")
. 1. Trend tracking, PDR, CDR to |

| |

| SIR. |

| |, .

. 2. Augmentation of slack erosion | 1% 7

| |

l |

tables. .:(;)]

Central Tendency
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Trending: Evolution of LRD OverTime

= Objective: Observe trends to improve risk estimates
= Slipping ~ 4-5 months/year

" Tends to confirm risk assessment results

= Supports that some inefficiencies should continue

throughout.
AFC
SIR
Re-Plan 3% 70%
A..f’.'?n....,A, — R
e & T 2\ PDR and CDR are
Arian ,/ I reasonably consistent,

PDR o] T | learning used to bias SIR [

Plan \ SRB £ estimates

2
—

A |S O |IN (D |[J F M A (M (] J A |S O |IN |[D |[J F M A M |] J A |S O |IN (D
1 [ —
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Slack Erosion Tables with BandAids

Delivery Date = Slack erosion tables
Activity Jan |Feb |{Mar [Apr [May|Jun |Jul [Aug |Sep |Oct |Nov |Dec are a common

Subsystem 1 AAT 1 reporting format
Subsystem 2 A—AT 1 = Risk assessment
Subsystem 3 Yy v -\ information added
Subsystem 4 A—AD . 1 as BandAids
Subsystem 5 AA T 13 \|| Might be an additional 2 = Display trouble
Subsystem 6 AT months late, try to. | spots, assign actions

reduce the uncertainty H|
Subsystem 7 YV |
Subsystem 8 A-A |:|\ No way in heck youwill | |
Subsystem 9 V' W | make that date; re-plan 1 —;—B—a ;e—“;; —————————— 1:
Subsystem 10 A-AT 1 | | |
Subsystem 11 “ 3 i Q%Current izst Estimate :
Subsystem 12 AANE 1 - B Risk Estimate |
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Topics

" How to Deal with Special Issues
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Creating Useful Decision Support Products

= Draw a picture of what is needed to make a decision,
then figure out how to create that chart.

" Example: Genesis mission: Collect solar wind particles
on witness plates and return to Earth for research.

" Problem: Sample Return Canister battery
overheating. Question, “Will the batteries be able to
support return of the capsule?” “Do we need to

L] L o . |
return early?” “Will we have enough science if we i c Prob of Battery Failure |
return early?” 2 |

Y ¥ S ;

= Whiteboard discussion with Mission Manager. 2 |
| »n

o . . . 1Y |

= Address the question: “What kind of information g Value of Science |

would we need to be able to make a decision?” < —— i
e

. I I

" We needed expected performance of SRC batteries | £ SRR |

I I

I I

versus value of the science collected. Collection Time
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Results and How We Used Them

m . ) . .
>clence team's prope.nS|ty. for risk Propensity for Risk Versus Science Collected
versus sample collection time was 100%
determined via a Delphi survey. o5 Continue Collection

Now 87.4% //

80%

75% - /

70% A

= Concern for the large uncertainty
range on the responses — considered a
2-round Delphi.

90%
87.3%
85% -

75% of PRA results are
above these points

\

= However, after the third update to the
battery PRA, it appeared that we
would be good through completion -
confirmed by ground stress testing.

One Sigma [Spread

Chance of Successful Return Normalized at TCM 1

65% - Return ASAP
So, if you have a tricky problem, sketch 60% | ? | |
something on a whiteboard then go figure 0% 20% 40% 60% 80% 90%
out hOW to produce it, Percent of Concentrator Science Collected
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Topics
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Multi-project Programs

| have been involved in two multi-project programs; Constellation and JPSS

= Constellation (Circa mid-2009) — deconflicting GSE and facilities
* Planning on 2 launches to the lunar surface per year with 180-day stay time.

= Before all schedules were available for integration, e.g. capsule AI&T, ground servicing, launch and
flight, mission ops, return flight landing and recovery, refurbishment and repeat, it was assumed that
three capsules were sufficient.

" Integrating all schedules changed need from 3 to 6.
= JPSS (Circa mid-2019) — deconflicting human resources
= 4 satellites in production.

= When one goes into the launch campaign, there is a conflict for resources — launch campaign and
integration and test (I&T) cannot be executed simultaneously.

= The program’s schedule was structured to account for this by halting start of I&T as a previous vehicle
was ready for launch (LBO, Launch Blockout pseudo-activity).

= However, risks and uncertainties move things around in complex ways and other conflicts may occur.

In the following slides, tips are provided on modeling multi-project programs
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Linking Multiple Project Programs-1, Constellation

Constellation program at PDR

= The initial assumption was that 3 Crew Exploration Vehicles were sufficient to service
continuous 180-day missions on the moon.

= However, when a complete integrated schedule was assembled, risks and other constraints
added, 6 CEVs were needed.

Launch Return Various logic Links

Larinch o o g ope
CEV n Prec . ssing Mission Ops, 180 days jidil | __—1 " Notwo CEVsin same Processing facility

* No two CEVs using same transporter
Launch Return

Refurb AI&T Prl;)acue:z:wg Mission Ops, 180 days Recover
Launch Return
CEV n+1 R3" b AT S 4 Mission Ops, 180 days Recover

Processing

Return

Refurb AIKT Launch Mission Ops, 180 days Recover
Processing

Various logic Links
* No two CEVs in same station
* No two CEVs using same EGSE or MGSE
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Linking Multiple Project Programs-2, Multiple Satellites

Margin and Float

wn
—+
QD
=3

..2 / | PM, SE&I, SMA, Science and Tech
U Yy v
S Instruments| M | Float | M| Float
Q.
€ [ BusSS [Float
O |y
U [ [Bus I&T Bus I&T
v, - §;‘v
| LBO | jSatellite I&T | T
rq'\IJ )! '/ A I
+ | Sat1Llaunch JCTs lLaunch Canfp.
EJ Blockout 1 LRDA
e - 4 APLAR/HRR
nm 7'y
LBO, Launch Blockout, TOREs
to model competition :
for human resources L
> — ~i

oM LBO } Satellite I&T
q) —
= JCTs M | Launch Camp.
v LRD /
© 4
PLAR/HRR
m I MRTs 4
Sat 2 Launch i
Blockout 1 year OREs
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Linking Multiple Project Programs-2, Multiple Satellites

Margin and Float

wn
—+
QU
=
—~

.E / | PM, SE&I, SMA, Science and Tech
© !
S Instruments| M | Float | M| Float : —
S Various logic Links
£ [ BussSS [Float . . .
=% Lk e Sar 7 £ * No two satellites in same I&T station
Y
U | [BusI&T Bus I&T * No two satellites using same GSE
Launch Camp. S— : : & .
(Used Sat 1 JCL () EO | Satlie * No two satellites using the same simulator
PDF results) 5 3% * Major ground/vehicle integrated tests (JCTs)
£ | sat1Launch CTs cannot overlap
2 Blockout 1 year
)
© : PLAR/HRR
wm \ 4 MRTs :
LBO, Launch Blockout,
to model competition
for humanr r :
or human resources -

M [Flod LBO ] \Satellite I&T
— Y
Jks M Launch Camp.

LRD /
A

Satellite 3

ZAXPLAR/HRR

Vl MRTs Post Storage/Launch

Sat 2 Launch
Blockout 1 year | OREs Handover 9/30/32
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= Probabilistic Critical Paths
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Probabilistic critical paths, Tricks

\ T - How to find
C\ % " The three Monte Carlo tools used, @Risk, JACS, and Polaris
Yo can be instructed to collect criticality indices for each task.

= Criticality index counts the number of times that the
activity was on the critical path then computes the
probability of being on the critical path.

= Viewing the criticality indices shows groupings with
negligible differences resulting in a few probabilistic critical
paths.

Three examples:

1. JWST: Schedule Overlay - visual comparison of deterministic
and stochastic CPs

2. Maven: ATLO Activity Flow
3. MISL: Fishbone
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JWST, Schedule Overlay Approach

3131105
JWST Overview 2003 2004 2005 2006 2007 2008 2009 2010 2011
Schedule FY03 | Fo4 FYo5s | Fvos | Fvor FY08 Froo | Fvio | Pyt [Fyn2
. . PD
M!SSIon 00R SRR SR A';'\AC coR PSR LRD  OR
Milestones 5 5 R

Observatory I1&T StatSCIST  Mate P
| | | Op tfc Mate ‘ ate

- OTE ‘ o7, OTE | JoTEl

| | | Final Test
OTE SRR | i . CR SIM OTEIISIM

- § 5 s B e B Cryo Testht
. . . ; Blank  Start ; ; c st PM LastP
Deterministic . 1 Prod. Machjning ‘Start Polishing | sjg.Btchi Batcl

,"if
1

Mirror ; ; : i
critical paths N | 1
. PF Design |__PDR CDR
60%

SRR PDR CDR Prop

Spacecraft L \ Integ
. Cpt.
o, ISIM PDR  ISIM CDR el Fit.

'S',M&T ‘ 12% S ——ne bore Percentage of
VIR G N e o samples that were
NIRSpec e ELANL on the critical path
NIRCam SER i i ETU Del ; |
FGS - — T e o |

Begin Req. CCTS CCTS | [CCTS CT im End/End "on ca‘ll

Ground Segment Analys.—B 01 B1.0 SRR [B1.1 B1.2 PDR D = 48% GS/Q::st Suppqrt

V&v

Rev. A
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MAVEN, ATLO Activity Flowchart Approach

/ Not on Deterministic Critical Path
— Battery

— PDDU 22% On Deterministic Critical Path
— PAPU /
Jo CADH Box+& 2— £
(\‘— Struct and prop assyi% /\ — NGIMS 3% «— Solar Array s (SA)
— Hammesses— — — — PFP — MLI Blankets 1
— FSW 4.0 — RS
«— Electra
«— FSW 5.0 MLI Blankets2 7%
FSW 6.0
v 28% 62% W 83% ¥ 83% 83% 907%
SA I&T SVTs : 100%
Harness, ; . Ship, C/O,
. Subsystems Payloads Env, SVTs, SA Optical Align
-I Avionics, A . . DSN ETE
I&T I&T 1t Motion, Reinstall
I&T . Mate
ATLO T-Vac Insts, Spin Launch
Start A
STATIC
SWEA
«— APP Boom. Platform, Hinge, TAG SWIA e i
— SWEA Boom, hinge, R&R Notes:
— ;’lr’:/‘sljnsors Refurb Black text items are never on the
° critical path; red text are on the

critical path by the percentage
stated; the central path s the
ATLO flow
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«— TWTA1&2
«— Telecom Panel [~ 33%
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MSL, Fishbone Approach

Telecom
(Risk) EQM Fails Thermal Test

Cruise Stage PAM Rover CE

V)O
= CHIMRA Inlet Covers

Cruise Stage Re-integration and Test

Radar
(Risk) Build new TRM

Descent Stage Rework Re-integration

Integrated Spacecraft Testing

PARts —

Rover Re-assembly, Re-integration and Test
(Risk) Actuator Underperformance
(Risk) CHIMRA test fails

ATLO KSC Launch Operations
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21 INTEGRATION, INC.




— § 5~ P o VPR SO, B
e e (s .. ) S bt § B D § e §
R .‘_—'.L—-.'.L:‘.h‘_’.'__.. , [P B

T— — TE=\

REED
22 INTEGRATION, INC.




On Using Scatterplots

A tip. Don’t pick a point! Rather, what does the analysis tell you?

* Understandably, our primary focus is on the JCL and
the “Knee” in order to extract a recommended ABC  [2i3% . AT

and MA - but there is so much more.
= Unfortunately - Misinterpretations:
= “Extend the schedule and save some cost?”
= “Increase the budget, shorten the schedule?”

= Either of the above requires a re-plan and a
reassessment.

= One cannot pick a point — need to look at what the
scatterplot tells us as a whole.

* Finding asymptotes, making “boxes” has been much
more useful.

Cost

= Linear regression — or other curve-fitting:

= Provides short-term approximations for costs , W —
associated with schedule changes Schedule

REED
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Scatter-plot for Delivery to KSC; PDR

120000.00 :
% Cost Schedule Scatter plot |
! y 3% project will
E| Pt .
115000.00 |z / . exceed estimate
] ) - -
§ = :;C;'f‘ . Proj Est & HQ UFE=4¢112,000K plUS HQ held UFE
: — 110000.00 5 AR
Linear regression fit \ a2 ':."!:":' .
S /
105000.00 \\\ ":‘ 70% Cost Asymptote = $104.180K
Y
7 d e 1 T T
o VAL | Proj Est & Reserve= $101,858K
7] -
2 100000.00 $
V)
Planned completion,
_ 95000.00
within budget = 51%
Green shaded area
90000.00 /
. /
68.6% that project 85000700 |
will finish within the S S 3 3 I I 908 08 9 9 8 8 5 S 38
o o o o o o o o o o o o o o o o
red bounded box < 4 €& & &£ & & & & & d& ¢ 4d o« 49«
L 2L d 5§ 08 & ¥ @9 9 o9 o9 9 9 -g
i

Date, On-dock, KSC
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Combined Scatter-plot Trend Plot - PDR to CDR Mitigated Case

120000.00 T
70% Schedule o
115000.00 Asymptote 3/28/2015 Eﬁi oa
33 | Proj Est & HQ UFE=$112,000K
110000.00 o
.:'.;:,-..“ )
PDR ~\i&g§-:
105000.00 e
.-':-ac‘-i."
g ,QS: Proj Est & Reserves=4$101,858K
100000.00 o
Planned completion, 55000.00 : EY 70% Cost Asymptote $94,983K
within budget = 59% —_ 7 " = AN
Green shaded area —— I \
90000.00 N ¥ ~ CDR .
. Question: How
’ o [
85000.00 — | effective is our
% that project will 3 S S 5 5 2 2 2 8 28 & 5 £ g g  riskmitigation
o that project wi O O O O O O O O o o o o o o o
frisnwithinthereat— & & 5 & 5 3 £ 8§ £ 888885 B
S PR I2 22 FFRFIIS SR planning:
bounded box ® 8 9 -
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Combined Scatter-plot Trend Plot - PDR to CDR - Unmitigated

120000.00 | | | |
70% Schedule
Asymptote Laissez-fare: ~J R
115000.00 Jashots |
Al Proj Est & HQ UFE=4112,000K
110000.00 1 5 (R
PDR - A8y
\.."}:;:o
105000.00 s .
N e . 3t
..°--=¢‘-i.' JRREX -
ol '&:" '_Eét & Reserve=$101,858K
100000.00 . - R S
- AR A
On-time, within Y Cost Asvmotot
_ 95000.00 70% COSt ASymptote
bUdget - 24% Laissez-faire: $94,983K
Green shaded area . |
90000.00 ™~ CDR
4
% to0 99% _—
66% to 997% 85000.00 —
5 S e T T T T
66% that project will finish N~ & & & &8 &8 & &8 8 &8 &8 &8 & & & &
S 9 8 9 9 3 8 3 Jd 5 9 33 I I
within the red bounded box s 85 r 22 2§ 5 R S I T e s RS
i —
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" Planetary Missions

l ; , ] "-/ 3.% —— —
e —

x \ — : 5
O - O O O O O O -Xf - =X
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Some Tips on Planetary Missions

= On modeling, a pseudo-task must be added to
model burn-rate for cases that finish early and
need to await opening of the launch window.

= Cases that exit the l[aunch window are irrational

upless a modelis ad.ded for storage L!ntil the next B Rate to Costs for storage
window opens - typically, never considered, at window opens > to next window
least not on the reviews that | have done. S
= Typical JCL results, i.e. finding 30, 50 and 70 =
percentiles are not always useful since they may =
include irrational points: N 5 N
= A 30% LRD may be before the launch window opens T’;‘;‘ﬁ?';ﬁih Typ'cald]::h e
= 70% LRD may be after the window closes

= 50% is not really 50% because of the two points
above

= MAVEN and MSL example following.
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Typical Mars Mission Scatterplot

LaunchWindow

S390

PIIY

Cost Schedule Scatter pl

-

These solutions have a cost
burn-rate model to the
opening of the window

These solutions
/| are irrational

$14M down to

70™ percentile -,,,
(Unknown/Unknowns) P
": . R3] : . :..- © . . ://

Successful AL R BN S (e

Solutions = 82% N 7 | ‘

To close of window =94%

0

(85/91% at PDR) 350
o (90} o o (90} < < <
i i — — i i — —
8 & 8 Q Q 8 8 8
S~ S~ S~ S~ S~ ~ ~ S~
Q ) Q N S < = ]
Q Q — ~ S~ — ~ S~
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MSL Scatterplot,

" Note: Scatterplot is backwards to what
we do today.

= Vertical axis is completion date,
horizontal axis is cost.

= All completion dates have a cost burn
rate to opening of window.

= Completion dates outside of window
do not have storage costs to next
window.

So, how did we select the three points for our
“JCL?” You can’t launch early, and you can’t
launch late.

Launch Ready Date

30

2/11/2012

1/12/2012

2/13/2011
.1/13/2011

.0/14/2011

9/14/2011
8/15/2011
7/16/2011
6/16/2011

5/17/2011

PDR Circa 2009

Cost Schedule Scatter plot
SCL=70% ]
Launch Wind
T e
o SRRy, e
RN TR A
P SOOI DA (S LA TR
o o °® w® |o Fl .-u.'."o.. o
L e R LR
BT VT FI - Wil F LR
RPN ERPLEY ORIV I s, O R AR
D) Lt NI RIS E o I U o P .
et el TPl ay el Pl W ot et
O o‘.:.: :.:{:..o A ‘.’.:-- -..: .,.'
JCL=51% CCL70%
o o o o o o o (@)
< LN Yo} N~ (o 0] (@)} o —
o o™ (ep] o o o < <
V) v v V) V) V) V) 2%
SM
9/23/2011 | < 70% Completion Date
390.2 <70% Cost
51% <JCL
70% <CCL
70% <SCL

oW —

$420
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70% JCL For MSL

Point used as the Point used as the most
optimistic value of cost likely value of cost
12/23/2011 I I I
12/13/2011 /
12/3/2011 i C ]
11/23/2011 SSIMI
- ue of cos
£ naaspont — Baseline Window
E 11/3/2011
E 10/24/2011
10/14/2011 . JCL=70% | Potential Performance
10/4/2011 — Enhancements: + 6 weeks
e
9/24/2011 -
9/14/2011

370 372 374 376 378 380 382 384 386 388 %QI? 392 394 39 398 400 402 404 406 408 410

*Cost of performance enhancements added
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Keeping Track of Everything

= Many Monte Carlo runs are executed during a review; often as many as 30-50.
= Different risk and uncertainty assessments
= Compare this case with that case --- and so on

= What happens if --- Copy and paste for
each case

= Keeping track of everything is difficult.
= | use an excel workbook.

=Keep every runinit: l U = = "7 casen
= Cases tab
= Summary tab _ = = I Use consistent names for tabs; makes

re-reference easier

= Special Plots tab

Re-reference plots using the
“Select Data” tool

See presentation “Using Excel to Facilitate JCL Analyses” from NCSS 2023 for details

REED
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Get off the Stage Chart .
| hope these tips and tricks are useful to yc

If you need details, email me: broberts@reedintegratic

Tips and tricks | have not covered due to time:
Risks and uncertainties:

Common mistakes and how to model them correctly
Mitigation costs and uncertainty of final negotiated CCO
Double Booking — separate TD and Tl costs

Uncertainties vs reality

Special cases from unusual projects; unique modeling prc

So, now | have something for next year?
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Questions?
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