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In Flight Data and Models being built — quick demo of what we are doing

Estimate Velocity Engine — End-to-End Workflow & Learning System () BOEMax

Scope Work Package Intelligent Estimate Narrative

1 Structuring 2 Formation 3 Generation 4 & Output
 Map SOW to e Decompose requirements e Match archetypes (reusable e Generate

structured requirements into work packages patterns) synchronized BOE
e Translate e Run Gap Finder for full scope * Apply units, hours/unit, LOE, PabRAS

requirements into * coverage ~ multipliers * e Ensure narrative

WBS framework » Assign work package types o Al backfill for non-archetype reﬂec;cs estimate

. t

» Establish complete & estimation drivers tasks s

scope foundation =

e EHE

= Continuous Learning & Model Refinement <
] ~ﬂ‘qﬁ|_ — - I,
= -« Tune key drivers and estimation archetypes )
Archetypes e SR— ‘ . icall e .p COStpOINt
Estivation Drivers ’ mprove future estimates automatically

» Capture actuals from Costpoint ----._
« Identify trends & generate new CERs ~ ,~

Actuals refine archetypes & estimation drivers using your historical data, Fraered b

transforming estimating into a continuously learning system. PrecisionAl



The Problem — Cost Overruns without Explanation

Requirement ) BCR Estimate LB Updated

| Unexplained Variance ]
x ‘ J Cost Overrun
Detectfl.'d Late

Planned w Actual Cost

a_ +250 hrs
Approved Change —

Time = No Early Warning —




Why Current Methods Fall Short

We Detect Cost Problems Too Late

Cost
Impact Requirement Changes
(Continuous)

v

Variance Detected
(Too Late)

N>

Impact not captured early

b = o e = -

Cost / EV (Lagging) Time

— Requirements Changes

— Cost / EV (Lagging)



Cost growth follows patterns
of requirement change.

M REQUIREMENTS

COST GROWTH
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Turning requirement changes into measurable, explainable cost intelligence

o REQUIREMENTS

Project
Requirements

LARCARL Y &

Your evolving
source of truth

(\n.o | Baseline Apr 01 V12 V1.3
V11 ChangeSet  Apris Added + NewReq
V12 ChangeSet  Mayoi )‘ Removed = Deleted Req
V13 Latest May 18 Modified ~ Updated Req
Every change is versioned Structured differences

and traceable between versions

WE CAPTURE 8 KEY FEATURES

Each requirement change is described by structured, consistent features that reveal its true impact.

o CHANGE TYPE

Add, Modify,
Delete, Reopen

+/9

o LANGUAGE DELTA

What changed in
the text (added,
removed, modified)

o SCOPE IMPACT

(€D TechnicaL aRea

Size (S, M, L), System, Subsystem,
Complexity, WBS Discipline, Interface
Element
RELATIONSHIPS o WHEN & WHO
Links to other Date, Author, Team,
requirements, tests, Source of Request
dependencies

o@e
O‘% €D

Consistent. Comprehensive, Traceable,

o REASON FOR CHANGE

Customer, Risk,
Defect, Compliance,

Opportunity

@

Capture What
Matters

Turn changes into
structured, model-ready
features

Machine Learning

Learns Patterns
from History

Learns from historical

changes and outcomes

Smarter Decisions
Earlier. Credible. Actionable.

WE TURN FEATURES INTO COST INTELLIGENCE

Machine Learning connects the dots—so you can see impact earlier and act with confidence.

LEARN

VY
.8
S

- S

From Historical
Changes & Outcomes

o HISTORICAL OUTCOMES

Observed cost, effort,
schedule impact of
similar changes

®

EARLIER INSIGHT

See potential cost impact
when changes happen

PREDICT

A
S (\& )

Cost, Effort & Schedule
Impact of Future Changes

WHAT YOU GET

BETTER PREDICTIONS

Data-driven, project-specific
and continuously improving

@

ACT

= C/t j_

Make Better Decisions
Sooner

STRONGER CONTROL

Proactive decisions, fewer
surprises, better outcomes

TURNING CHANGE INTO ADVANTAGE



Concrete Example

Approved changes don’t capture true impact

Effort (hrs) - _6_59 r

| I
;’I..
= -

B Unmodeled IC'
(+150 hrs)

*00 I paseline SR R PR © Gapu deled: +150 h
Baseline Plan: 400 hrs 500 hrs (+100) i e s rs

+/ Hidden requirement scope
' Ripple effects into WBS
+/ Additional coordination & overhead

.

Time

The gap where traditional estimation fails.



From Change Logs - Training Data

We convert requirement changes into structured, learnable data.

Change Event ‘ Approved A  Actual A Interface Add
Interface Add +120 hrs +400 hrs Approved: +120 hrs
Requirement Rewrite +80hrs  +220hrs Actual: +400 hrs

=» +280 hrs unmodeled impact

Integration Change +50 hrs +180 hrs
This gap becomes a learnable signal.

| = -& 'd-' ‘}Q H

f
Timing / Source

Change Type Scope Size Technical Language Dependencies
Area Delta

— Captured Features —J



Timing, Complexity and Propagation afftect growth

Not all changes are equal

o, % r il
O>.. 3 C . B
~Q, o9 E—
(@) o —
Late Change Broad Propagation High Complexity

Late-stage, high-complexity, and widely propagated
changes consistently drive higher cost growith.



Machine Learning Model — What is Really Happening?

INPUTS

== Change Type

__& Scope Size

-ﬁ Technical Area

AaQa Language Delta

o % Relationships

E;'I Timing / Source
&

Feature Set

MODEL

v/ XGBoost
v/ Ordinal Regression

MODDEL

»

COST RISK

£ A

Low Severe

Cost Risk Assessment

o Baseline Erosion Risk
o Risk Probability Score

o Potential Cost Range

COST RISK



Realized Beyond Beyond Baseline (his)

ts on Real Data

Approved Changes Consistently Underestimate True Impact

-
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800 A % : » e

Systematic Underestimation Zone _ -
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400 = ® "< Integration Change /’
| Approved: +120 hrs -
Actual: +400 hrs S
-~ e 2 )
Rl - sCross-System Change
200 ® 1= M e
® “ < Interface Change
Approved: +120 hrs
l Actual: +230 hrs
A =
100 ® o a.
e ) ~
& _~“ e
o £ @®
0 = T T T 1
0 200 400 600 800

Approved Estimate Adjustment (hrs)

Not random. Patterned. Learnable.



Explainavility Bar Chart

Grouped SHAP Feature Importance

Semantic magnitude

Approved delta (hrs)

Change class

Timing bin

Propagation breadth

Impacted WBS count

o 5 10 15 20 25 30
Mean |SHAP value|



Singie change event exampie

higher 2 lower

base value flx)
168.54
0 20 a0 60 80 100 120 140 160 180

=

semantic_magnitude = 0.7139012336495493 ‘ cat__timing_bin_Mid

cat_change_class_Scope Addition = 8t |change_class_Rewritewm).Capproved_delta_hrs = 107.6562286231256¢u

4 Approved Delta also Significantly Impacts Risk | 4 Semantic Magnitude Drives the Most Risk \

Large approved increases consistently lead High semantic language intensity & scale - ‘
1o greater cost growth. B | significantly drive cost growth. _/7’




Risk / Cost Signal

Proposing tnis becomes pari of EV, not a repiacerment

Requirement G Moment — Different Signals

3.0 1

2.5 A

2.0

1.5

1.0

0.5

0.0 -

—— Earned Value Signal (Lagging)

- Requirement-Based Risk Signal (Early)

Same Moment — Different Visibility

Traditional EV View
Time T: Requirement Change
CPI = 1.0
On Track

No Variance Detected

Everything looks fine

Requirement Signal View
Time T: Requirement Change
High semantic magnitude
Large delta (+120 hrs)

Late lifecycle timing

Predicted Risk: HIGH
Likely Overrun: +200-400 hrs

Time

10




application

Real-World Application

In a real system, this would work by capturing requirement changes,
tagging them structurally, linking them to WBS elements, and feeding that into

Requirement Change

— = -
System A - Rev 1.5 (1]
System B - Rev 2.3

Module C - Rev 30

Update Baseline Version: Rev 1.6
This Ust:

@ Update Baseline Version @
« Semantic Magnitude: High «
@ Approved Delta: +120 hrs
< Lifecycle Timing: Late

& Apply AL Modify Change... |

Change Captured: Phase D Review

04/22/2024, 10:32 AM

Tagging

forecasting.

WBS Impact

" Tag Features
tlb Semantic Magnitude
* Approved Delta
e Lifeli-Cycle

= | |

|

@ Natural Language [
Processing

» Schedule / Delta |
Assessment

e Oontent

Impacted WBS

= System A » B v = Random Forest |

% Module 5 »
% Module 5 »
% TeamX »

“12.te

Roll-Up Impact
= WBS (System / Module)

= Monte Carlo
Normalize

» Delta Distribution
Calculated

Save Tags

Model

- XGBoost

© oo
© — oo _ﬂ }

€ o 200

e Train ML Algorithm

@ Calculate Cost Impact
Probability

S J

Forecast Adjustment |

# Risk Forecast issued
« Cost / Schedule Adusted

Baseline

© Predicted Risk: HIGH

Likely Overrun: +250 hrs
+330 hrs
P

Earned Value

This integrates directly into existing environments like earned value — as a leading indicator.

This is not iust some nice academic theory, this has real world
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What This Enables

This allows programs to adjust forecasts earlier, allocate reserves more effectively,
and make better decisions before variance appears.

Early Reforecast Better Reserves Risk Visibility

| 4 \ /
b 4 f,.i'
&
--H‘"' —_— - /:,
Early Reforecast Better Reserves Risk Visibility
Adjust forecasts proactively, Allocate buffers based on Understand risks earlier
before overruns show up. real risk, not guesses. and more clearly.

This integrates directly into existing environments like earned value —
as a leading indicator.



This was huilt on o renresentative dataset, however, this is nroof that

requirement change is not noise, it is signal

Limitations

This is a prototype — demonstrating feasibility.
The next step is applying it to real program data.

1. oo0
!] s 1110

Representative Early-Stage Model Needs Real
Dataset Program Data
. Limited scope / Prototype-level Requires integration
sample size. implementation with live systems.
» May not cover all Patterns observed, Performance improves

program types. not fully generalized with scale.
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Next Evolution: Requirement-Driven Forecasting

Scope Work Package Intelligent Estimate 4 Narrative

1 Structuring Formation 3 Generation & Output
= Map SOW to » Decompose requirements | e« Match archetypes (reusable pattems) e Generate

structured requirements into work packages !« Apply units, hours/unit, LOE, synchronized BOE
« Translate « Run Gap Finder for full scope ’ multipliers narrative

requirements into coverage - = Albackfill for non-archetype tasks | Ensure narrative

WABS framework = A55|gn work package types tasks I reflects estimate
» Establish complete & estimation drivers exactly

scope founc?atlon D_El_ - o —— —

— &
- ~ Kk 4 ﬂ o3 ’
—— = m XGBoost

Continuous Learning & Model Reflnement

PRy S
=_
| === |~ Capture actuals from Costpoint > Costpomt
A P Identify trends & generate new CERs _“'g
B LT e Tune key drivers and estimation archetypes -
Estimation Drlvers E

Actuals and requirement changes refine archetypes & estimation drivers using historical data, transforming estimating

into a continuously learning system.



	AI-Driven Digital Threads for Cost Prediction
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18



