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Abstract

The “Iron Triangle” relates cost, schedule, and performance to help managers
identify the source of and mitigations for program risks. However, the rust begins to
form when event-focused risk management (RM) tangles with uncertainty-focused
risk analysis (RA). Fundamentally, these divergent paradigms inhibit communication
between RM and RA practitioners, leaving program managers with one hand tied
behind their back. This paper addresses these crossed wires by introducing a novel
approach that leverages earned-value-style “tripwires” and a bit of calculus to
translate between the discrete and the continuous. For RA, this bridges the gap to
ensure models capture RM inputs and enables effective application of Management
Reserve. For RM, this allows monitoring and mitigation of continuous factors that
would otherwise confound the risk register. In an environment hyper-focused on
early detection and cost management, this approach gives cost estimators the
relevant tools to drive effective decision making and program success.

Keywords: Communication, IPM, Methods, Modeling, Risk, Uncertainty, Risk
Management, Risk Analysis
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Risk Analysis vs. Risk Management

Risk Analysis (RA): Risk Management (RM):
« Continuous Uncertainties « Discrete Risks
« Simulations and Trials Probability of Occurrence

S-Curve Illustration (Widgets Example) M ag n itu d e Of I m paCt

Likelihood

$4 $5 $6 $7 $8 $9 $10 $11 $12 $13 $14 $15 $16
Millions

Impact
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The Cost Growth Conundrum

Uncertainty Distributions for Cost Risk Registers for Program
and Schedule Estimates Management
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Problem Statement

Living Risk Model Risk Register

Discrete
Risks

IH

“What we have here is a failure to communicate
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What is a Tripwire?

N EVM Tripwire Example Lover Tripuie: 095 e Tri pwire = q
| critical mechanism
5z 5 ensure that
TR mitigation actions
can be putin
i place rapidly to
5 oe7 prevent a

005 e T e S T S T R 0 T 0 R 0 0 0 0 5 O A T S N 0 0 00 . T 0 SR e S downward Spiral
in performance
CPI=0.95,

for example

f\T;achnomics 9



Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026

f‘l’lechnomics

Tripwires for Effective Risk
Management
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Productivity Metric Tripwires - Toy Problem
Setup

« A $10M cost element is estimated at 100K labor hours
at a rate of $100/hr

« The 100K hours is estimated as 2K widgets at a productivity of 50
hours/widget

« Suppose the coefficient of variation (CV) on productivity is 20%

« Atypical Risk Register item will say:

* |F we have poor productivity,...
...THEN Ilabor cost will increase (no kidding!)

 How do we appropriately model this continuous risk as a discrete risk
for Risk Register purposes?

R
Risk Tolerance 11
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Tripwire Principles

* Act as an early detection system

* Focus on the right tail of the continuous distribution
« Two inputs: -

« CV, inherent uncertainty (objective)
* m, where the tripwire is set

(subjective)
« m =1 - one standard deviation

above the mean

« Two outputs:

« Pfis the tail probability j>‘
« Cfis the conditional expectation @
of the right tail % s w v w s s

10 $11 $12 $13 $14 $15 $16
Millions

R
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Tail Conditional Probability

The p.d.f. of the two-parameter normal is:
) 1 _(x—p;)z
p(x) = e 20
oV 2m

The conditional tail probability distribution divides \
by the total area of the tail to normalize to 1 (100%):

[ripwire lllustration (Conditional Probability)

— )2 )2
1 e_(chrlé) 1 e_(xzﬁ) RA = whole distribution

el > ) = B an =

The expected value in the tail is then given by:

/

1 (" ) _Q:%ﬁd
0 — U+x—pule 2o X

1/ c

E(X|X>c)=j x-p(x|X>c)=0 2

Cc

-
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Tail Probability Expected Value
1 - _(x=w)?
—fc (x —we 20% dx
_I_m/Zn

EX|IX>c)=u
Per the previous result, the numerator in the first fraction is equal to the denominator, and the second
term has a closed-form antiderivative:
(x—p)* (c—p)?
g - x=00 g -
——e 202 ‘ ———e 202
X=C
— U+ V21

E(X|X>c)=u—m

Without loss of generality (W.l.0.g.), let the mean be 1.0 (representing 100% of the base estimate),

and express the tripwire value ¢ as m multiples of the CV:
c=u+m-o

o
.U=1—>CV=; c=1+4+m-CV

R
Risk Tolerance 14

Defining the Tripwire Conditional Probability Expected Value _
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Tail Probability Impacts - Results

2
CcV (1+m-Ccv-1)
—0e 2CV 2

E(X|X >c) =1+ Y28

Thus, the expected cost growth factor (CGF) associated with a
Productivity with a given CV and a tripwire set at m times that CV is:

Cf, percent growth above the mean

-
Risk Tolerance 15
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Risk-Averse Decision-Maker

« “Hair trigger” on the tripwire — move down toward mean
* Pfincreases (longer tail) Cfdecreases (balance shifts left)

Tripwire Illustration

Table of Cfvalues Ccv
Pf m 5% 10% 15%  20% 25% 30%
0.50000 0.00 | 0.03989( 0.07979 0.11968| 0.15958| 0.19947| 0.23937
0.40129 0.25 | 0.04818| 0.09636 0.14453| 0.19271] 0.24089| 0.28907
0.30854| 0.50 | 0.05705] 0.11411] 0.1711€| 0.22822} 0.28527| 0.34232
0.22663 0.75 | 0.06644] 0.13288| 0.19932| 0.26576| 0.33219 0.39863
0.15866 1.00 | 0.07626( 0.15251f 0.22877| 0.30503 0.38128| 0.45754
0.10565 1.25 | 0.08644| 0.17288| 0.25932 0.34576( 0.43220| 0.51864
0.06681 1.50 | 0.09693| 0.19387| 0.29080( 0.38774| 0.48467| 0.58160
$4 85 0.04006 1.75 | 0.10769| 0.21537| 0.32306| 0.43075| 0.53844( 0.64612
0.02275 2.00 | 0.11866| 0.23732| 0.35598| 0.47464] 0.59330( 0.71196
* Risk aversion is mitigated by calibrating via the Cost of 1%
R
P 16
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Cost of 1% - Time Phased Benchmarks

 Problem: Users need to adjust their benchmarks and tripwires
to account for differences across the production cycle

« Before: “If cost per widget exceeds 80% on the probability
distribution, consider the wire tripped”

« After: “At 25% complete, the tripwire should be 70%, while at
50%, the tripwire should be 80%”

 New Problem: The final cost of a project is almost certainly
going to differ from the baseline estimate; this means percent
complete is likely to be inaccurate (and often lag the true value)

The “Cost of 1%” calculation improves the accuracy of percent complete metrics

f\l’}achnomics 18
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What is the Cost of 1%?

« Once the final cost a project is known, the “actual percent
complete” at each period can be calculated

* Phrasing is:
«  “When vessel X was marked at 50% complete, it is likely only at 44%
complete”

« “This is based on vessel Y being at 42% actual complete when reporting
50% complete, and vessel Z being at 46% actual complete when reporting
50% complete”

« Assume vessel X is reporting 50% complete with 500 hours spent

« EAC calculation is (ACWP / %comp)
- Before: (500/0.5) =~1,000 hours
- After: (600 /0.45) = ~1,111 hours

f\TJechnomics 19
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Cost of 1% Example

« Cost of 1% needs: Costof 1% Example

100.0%

. analogous 90.0%
completed projects s00

- final data report ,
collection E eoo

8 40.0%

30.0%

Cost of 1% is exacerbated by oo Delta reaches d-6%at

increases to program 1%
schedule and “standing 0.0%
army” costs

highest points

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Total
Period

o0y Complete — sm====04 Complete (Cost of 1%)
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Stepwise Mitigation
[ Risk Mitigation Process }

Before: After:
* Risks assigned qualitative * Risks assigned
1-5 scores quantitative scores
« Mitigations defined as “all « Mitigations have clear,
or nothing” complete stepdown path
« Lack of clear ownership « Ownership becomes more

granular and clearer

Tripwire framework enables conversion of uncertainties to

discrete / manageable risks for tracking

f\l’jechnomics 29
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Stepwise Mitigation Dashboard View

Mitigation Plan

Mitigation Date |Step |[Description Close Out Criteria Resulting Likelihood |Resulting Consequence
If they are not able to accurately scope the rate capability |Obtain approved PB26 budget with
8/6/2025(Step 0 |increases directed by congress, then the Navyis atrisk of [needed scope for additional round 5 5
low defense procurements
Obtain signed requirements from
8/30/2025(Step 1 |Align scope with prime contractor . g q 4 4
prime and PM
Add additional IGCE scope to PB26
10/30/2025|Step 2 |Complete IGCE for required scope increases request P 4 3
12/30/2025|Step 3 |Obtain approved PB with additional scope for procurement [Receive PB funding 3 3
Prime contractor successfully undergoes TTP, and enables|Proof of manufacturing capability for
2/27/2026|Step 4 , , yunderg , g capability 2 1
rate production required by congress desiredrate
8/23/2026(Step 5 |Prime contractor produces needed rounds in GFY27 Rounds delivered to the Navy 1 1

Controlled entry and requiring step-by-step burndown plans helps to make risk management more manageable

*TTP = transition to production, PB = President’s Budget, PM = Program Manager

f\l’}achnomics
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Communication (now with Tripwires!)

Living Risk Model

Continuous Discrete
Discrete to Continuous 0 Continuous to Discrete
= Outputs R 1S ks = Inputs
CV 19.4% | unitless Cv 20.0% | unitless
m 1.64 | unitless m 1.00 | unitless
Pf 5.0% | unitless Pf 15.9% | unitless
Cf 40.0% | unitless Cf 30.5% [ unitless
=Inputs = Outputs

Framework leads to improved Risk Analysis, Comprehensive Risk Management, and Proactive Program Management

f\'l:,echnomics 25
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Call to Action

« Consistent, high quality data collection
* Tripwires need historical benchmarks
«  Cost of 1% requires final reports
- Stepwise mitigation needs quantified impact scores

 Extension to Portfolio level

* m parameter captures risk tolerance; portfolio manager can enforce
this across programs in a portfolio to increase standardization

f\T;achnomics
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Next Steps

* Applying tripwire approach to current projects
« Extend to other probability distributions

« Uniform, Lognormal, Triangular

« Exploring ties between EACs, CERs, and RA
« Bayesian Analysis

f\T}achnomics
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Alternative Titles

New on HBO Max — The (Trip)Wire

Risk from Head to Tail (Probability)

Balancing on a Tripwire — Managing Program Risk

Trip the Light Fantastic — A Psychedelic Vision of Risk

Discreetly Discrete — How to Have Your Risk Cake and Eat It, Too

Covering the Waterfront — How to Ensure a Comprehensive Risk
Assessment

Goldilocks and the Three Risks — How to Get your Risk Register
Just Right

Never Stop Never Stopping — Continual Risks in Service of
Continuous Risk Analysis
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Centered Risk Cube and Backwards Pass

« Last year, we presented the Centered Risk Cube as a better-
behaved alternative to the traditional Risk Cube

 Ratio scale vs. Ordinal scale

« We can use the “backwards pass” to convert continuous-as-
discrete risks in each square to m and CV values

Table of CV Cf
Pf m 5% 10% 15% 20% 25%
80% -0.84 14.3% 28.6% 42.9% 57.2%-
60% -0.25 7.8% 15.5% 23.3%| 31.1% 38.8%
40% 0.25 5.2% 10.4% 15.5% 20.7% 25.9%
20% 0.84 3.6% 7.1% 10.7% 14.3% 17.9%

Dave Brown Memorial Risk Cube

f\l’}echnomlcs 30
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The Iron Triangle

Technical Cost Schedule
Cost Schedule Technical
Waterfall (Cost and Schedule Risk) Agile (Time Box)

f\l’}:-;chnomics 32
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Cost of 1% Example

Percent Actual Percent

f‘l’}achnomics

Period

BAC

BCWS

BCWP

ACWP

CPI

Complete

Complete

1 3,000 50 50 100 0.50 1.7% 2.2%
2 3,000 100 125 200 0.63 5.8% 6.7%
3 3,000 150 125 200 0.63 10.0% 11.1%
4 3,000 175 200 250 0.80 16.7% 16.7%
5 3,000 125 150 150 1.00 21.7% 20.0%
6 3,000 200 175 275 0.64 27.5% 26.1%
7 3,000 150 100 125 0.80 30.8% 28.1%
8 3,000 175 150 200 0.75 35.8% 33.3%
9 3,000 150 150 250 0.60 40.8% 38.9%
10 3,000 125 125 175 0.71 45.0% 42.8%
11 3,000 150 175 200 0.88 50.8% 47.2%
12 3,000 175 150 250 0.60 55.8% 52.8%
13 3,000 150 125 300 0.42 60.0% 59.4%
14 3,000 175 175 250 0.70 65.8% 65.0%
15 3,000 150 175 200 0.88 71.7% 69.4%
16 3,000 200 200 225 0.89 78.3% 74.4%
17 3,000 150 200 200 1.00 85.0% 78.9%
18 3,000 200 250 500 0.50 93.3% 90.0%
19 3,000 150 125 250 0.50 97.5% 95.6%
20 3,000 100 75 200 0.38 100.0% 100.0%
Total 3,000 3,000 3,000 4,500 0.67 100.0% 100.0%
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