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Real-World Applications of Explainable Al in Cost
Estimation

Operationalizing Estimation-Centric Artificial Intelligence Across Defense and Industrial Programs

What a lifetime of surfing and 3 years of Al product development has taught me about
agentic workflows in cost estimation

Research by Charles Orlando | Presented by David Rampton



The Obvious Paradigm Shift

Estimation is expected to be completed faster than ever before - defensibility across
expanding data, oversight, and delivery-model complexity.

Speed

Resource Efficiency Proposal & program decisions compress estimation timelines.
The speed and flexibility associated with the ‘Agile” management methods challenge
the value of and need for estimates.

Power

Consistency & Control Modern defense program rely on distributed, disparate and
heterogenous data to drive decisions. Estimators must harmonize a wide variety of
inputs while still producing reliable and consistent outputs.

Flow

Traceability & Transparency Today’s estimates must withstand extreme interrogation
by both customer and regulatory bodies. From input to output, assumptions and
decisions must be documented and accessible.
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Estimation Intelligence
IS more important that
ever — but can we
afford the trade off
between:
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Traditional Trade Offs

Individual Experts; Tribal knowledge; Heroics

Non-standard process; Home-grown tools

Silo’d estimation team; Manual processes e o s

Reality for many Defense Programs
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Surfing’s Paradigm Shift

Advancements in surfboard manufacturing, materials & designs unlocked a new era of Speed, Power & Flow

GALORATH

Speed optimal body / wave energy efficiency

Acceleration & Control The ability to ride bigger waves, go deeper in the pocket; to speed up and slow down
at will - opening up opportunities to ride waves that were previously considered impossible.

Power adapt & control in changing conditions

Maneuvering with Purpose the ability to execute ‘turns’ with greater strength and commitment - allowing
surfers to ride the board and not the other way around.

Flow observable linking of critical decisions

Connection & Intention connecting well-timed turns at different places on the wave; expertly ‘reading’ the
wave such that maneuvers are executed in a sequence that optimizes the wave’s energy and length of ride.

What is the modern surfboard equivalent for estimation intelligence?
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Al

Is not good
at math
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Al

Is not good
at estimation
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Al

IS not reliable
at estimation
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LLMS are not reliable

for estimation



The Problem with Al and Estimation

LLM chat tools are not built for transparent, consistent estimation; prompt engineering is not a preferred estimating method.

LLM Chat Limitations

b ot the books I have read
LLMs do not provide than the meals I have

@ Weak Provenance

@ Non-Deterministic

® Obscure Assumptions

® Domain mismatch

’ Al Technology is not the problem — Poor Application of Al Technology is the problem

“I can no more remember

deterministic, repeatable answers

to questions. eaterl; but they izave

Al Chat tools do not easily »

highlight cost driving assumptions nade m

Generic language models miss

WBS, BOM, risk, and calibration - Ralph Waldo Emerson (attr.)
context.
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A Conversation with ChatGPT

Another important distinction:

¢ Reasoning traces (the hidden intermediate computations inside the network) are not the same thing as

the visible "step-by-step explanation” | provide to you.

¢ When | show steps, I'm generating a human-readable explanation of reasoning — not dumping the

literal neural activations or exact internal computation state.

A simple analogy:

System

Calculator

Search engine

Database

Language model internal reasoning

How it works

Executes exact anthmetic rules

Retrieves stored information

Looks up records

Predicts coherent next tokens using learned patterns and latent

representations



Side by Side Model Comparison

2 different LLMs, given the same cost estimating prompt generate vastly different responses.

GPT-4.1-nano* -

Welcome, how can | help you?

What is the cost to develop a new electric vehicle that provides a simillar experience to the Tesla Model 5? | want to
know the development cost and average production unit cost.

Estimating the development and production costs for a new electric vehicle similar to the Tesla Model S involves
several factors, including design complexity, technology, materials, and production volume. Based on typical industry
practices and the data | have, | can provide a general framework for these estimates.

Development Cost: The development cost includes design, engineering, prototyping, testing, certification, and
validation. For a high-end electric vehicle like the Tesla Model S, these costs can range significantly depending on the
scope and scale of the project. Based on industry estimates and comparable projects, the development cost could be
approximately $500 million to $1 billion .

Average Production Unit Cost: The per-unit production cost depends on the manufacturing scale, materials, battery
technology, and assembly processes. For a vehicle similar to the Tesla Model S, which is a premium electric sedan, the
average production cost per unit might be in the range of $50,000 to $70,000 at high production volumes.

Note: These are rough estimates. Precise costs require detailed analysis of the specific design, supply chain,
manufacturing processes, and production volume. If you have more specific parameters or a target production volume,
| can refine these estimates further.

Would you like me to generate a detailed cost estimate using a specific model or assumptions?

O & D
GPT 4.1nano

Development:
APUC:

Nemotron Nano 1... ~

Welcome, how can | help you?

What is the cost to develop a new electric vehicle that provides a simillar experience to the Tesla Model S? | want to
know the development cost and average production unit cost.

The cost to develop a new electric vehicle that provides a similar experience to the Tesla Model S can vary greatly
depending on a number of factors such as the level of technology, the materials used, the size of the vehicle, and the
production volume. However, based on industry estimates, the development cost for a new electric vehicle can range
from $1 billion to $3 billion or more.

The average production unit cost for an electric vehicle is also highly variable and depends on factors such as the size
of the vehicle, the materials used, and the production volume. However, based on industry estimates, the average
production unit cost for an electric vehicle can range from $20,000 to $40,000 or more.

It's worth noting that these estimates are rough and can vary greatly depending on the specific details of the vehicle
and the production process. Additionally, the cost of developing and producing an electric vehicle can be influenced by
a number of external factors such as government regulations, subsidies, and incentives.

O & D

Nemotron nano

Development:
APUC:

$1B - $3B
$20,000 - $40,000
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Traditional Trade Offs

Single Point Failures; Tribal Knowledge; Not Sustainable o e e
Not reliable; Non-compliant; Won't pass an audit; v o o
Too slow; Not agile; Excessive resources; o et e

LLM / Prompt Engineering Estimating

GALORATH
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Estimation-
Centric Artificial
Intelligence
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Explainable Al in Cost Estimation Framework

Estimation-Centric Artificial Intelligence (ECAI) is a human supervised system of interacting agents that transform heterogeneous

technical and program data into transparent analytical artifacts.

External

Inputs

12

Automated Prompt
Engineering

Translate artifacts into variables,
assumptions, and extraction rules.

Retrieval-Augmented
Generation

Retrieve analogs, standards, models,

and historical evidence before
outputs.

(69.V.

ECAI Core Mechanisms

Contextual Agent
Activation

Route tasks to domain expertise,
tools, and review paths.

Human-in-the-Loop
Validation
Record estimator judgment,

overrides, rationale, approvals, and
accountability.

Pro

cess

Outputs
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Explainable Al in Cost Estimation Framework

Estimation-Centric Artificial Intelligence (ECAI) is a human supervised system of interacting agents that transform heterogeneous
technical and program data into transparent analytical artifacts.

External Inputs

Program Artifacts
Solicitations
Project Requirements
BoMs
Engineering Designs
Proposals

ZUS Human in the Loop Orchestration & Validation =

=

-

CAA Contextual Agent
Activation

Automated Prompt
ﬂ Engineering
G

Extracted Vectorized
Prompt Data Prompt Data

2

AN A
(eec)

Manufacturing Software Acquisitions

Agent

Agent Agent Agent

Retrieval-Augmented
Generation

11—

Domain Specific ERP/PLM Systems  Process / Product
Knowledge (SAP, Oracle) Specifications

ECAI turns Al from a general answer engine into a governed process for faster,

traceable, user-led, Al supported decisions; Producing answers, assumptions, & models.

Process Outputs

Cost Model & Estimate
Risk Analysis
Ground Rules & Assumptions
Defensibility
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Traditional Trade Offs

Single Point Failures; Tribal Knowledge; Not Sustainable o e r
Not reliable; Non-compliant; Won't pass an audit; s " e
Too slow; Not agile; Excessive resources; e s s

Estimation-Central Artificial Intelligence

GALORATH
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Applied Use Cases

RFI/RFP intake Manufacturing cost

Compliance matrices with clause-level DTC and DFM trade spaces tied to BOMs,
provenance and owner assignment. routing, and reviewer rationale.

Common pattern: agent-supported interpretation, provenance capture, and human oversight.

GALORATH
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Use Case 1: RFI/ RFP Intake & Compliance Mapping

Transform large solicitations into traceable compliance matrices

INPUT TARGET OUTPUT
—_> —_ —_> 4 Validate
RFI/RFP package Compliance matrix with clause provenance and

owner assignment

/ Automated Prompt\ / Contextual Agent \ / Retrieval- \ / Human-in-the-Loop\
CAA BUL  Validation

Engineering Activation Augmented
Generation
Prompts classify solicitation sections, Agents coordinate intake, Source-linked retrieval ties every Estimators approve obligation level,
normalize clause language, and segmentation, tagging, and routing to requirement to original clauses and owner assignment, and final matrix
enforce extraction format. reviewers. precedent artifacts. readiness.

N AN AN AN /

The workflow does not ask Al to produce the estimate directly. It uses Al methods to structure evidence, automate interpretation,
retrieve supporting sources, and preserve estimator judgment.

ECAI pattern

GALORATH



User Input G

TECHNICAL EXHIBIT 1
Statement of Objectives (SOO) for

Federal Spectrum Data System (FSDS) Information Technology (IT) Services
Blanket Purchase Agreement (BPA

National Telecommunications and Information Administration (NTIA)

June 24,2024

L Backgrouad
LA

systoms by e largely
hance-able, scaiable, reliable,

b
fiexibilty to evolve. NTIA will better support current and future Fedaral spectrum demands by
leveraging . improving:

aa, iyical too's
processes and automating workflows.

modeling, and reengineering

I Purpose

‘The purpose of this FSDS IT Services BPA is o provide an agreement for call orders 1o modernize,

.2 tandards, policies, regulations, and
related business processes and procedures. This BPA and future call orders under this BPA are non-
personal srvices (s2¢ Operational Constraints).

quoter to propose its

I Mission

A on of N useofthe o
s s ass00 Technoiogy (IT) systems
for performing this crticaltask are antiquated, with refisnce in large part on softwars tht i in some.

cases over w©

We canmast
platforms;
pe

— pectrum systems;
da; Jytical toois
processes and automating workflows.

Page 10713 Pages

1. BLUF (Bottom Line Up Front)

This isa of Objectives (SO0) for a Blanket Purchase Agreement
(BPA), . L \ e
infras|] What's Missing for Higher Fidelity?
certifil
siloed| Categery Gaps in the SO0 Impact on Cost Estimaf
5,000
techn| Technical No detailed system architecture, Uncertainty in developl
Requirements data models, or API specifications.  custom vs. COTS trade]
Key D|
« Te| Legacy System No inventory of current systems Risk of underestimating
mg Inventory (e.g., "Spectrum XX1," "EL-CID") or  migration/compatibility|
cid integration points.
* Se
5‘_3 Prieritization No phased roadmap or MVP scope  Difficulty estimating ti
\:' (e.g., which mission areas are allocation, and increm
- Ag . e
op must-have" first). costs.
* St
oid Security No specific NIST SP 800-53 Ambiguity in security ef
s Cof Controls controls or zero-trust (e.g., ATO compliance,
sol implementation details. environment).
User No granular user requirements Hard to estimate devel
Stories/Epics (e.g., "automate frequency effort for specific featuf

fidelit}

@

Solicitation
(RFP/RFQ)

assignments" lacks detail).

Data Migration MNo breakdown of data formats,
quality, or transformation rules for

10TE of legacy data.

Al/ML Scope No use cases for Al (e.g., "speed

development" is vague).

Risk of underestimatin;

Transform, Load) cost:

Unclear effort for Al mg

validation, and integr:

Recommendation: Propose a discovery phase (3-6 months) to refine
assess legacy systems, and develop a prioritized backlog before commuung w a ¥ ‘

fixed-price estimate.

+

The Federal Spectrum Data System (FSDS) is a co
well-defined WBS structure already provided. To €
Base selections and sizing estimates align with yot
few details:

1. Should the Platform K-Base default to a FedRA
(e.g., AWS GovCloud, Azure Government) for al
prefer a more generic cloud platform selection?

2. For Application K-Base, should we prioritize go
knowledge bases (e.g., "Spectrum Managemer
categories (e.g., "Data Analytics Platform")?

3. The Development Method is Agile/DevSecOps:
Development" K-Base for all elements, or adjus
Al/ML models, legacy integrations)?

4. For Development Standards, should we apply |
tailor selections (e.g., stricter standards for clas

5. Are there any team-specific factors (e.g., cont
expertise) that should influence the Economic |

<[> This message contains Ground Rules & A

0

Requirements
Decomposition

Agent Requested
Additional Context

a User Interrogation

EH Table °E Tree 5] Seript [ Ground Rules & Assumptions
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Using SEERai to apply the ECAI framework for estimating scope of work in response to customer solicitation

Next-Generation Battle Managei
WBS

SEER-H

Create a Work Breakdown Structure (WB8S) for the Next-Generatio|

focus on MOSA compliance, cybersecurity, and degraded-moda |
and support produetion of 1unit.

1. Objectives

Develop a WBS for the Next-Generation Battle Management Sy|
+ Include Program Management, System Engineering, Hardware
Integration & Test, Cybersecurity, Logistics & Suppert, and Ver|
Fallow the provided outline and existing WBS structure

Inelude all elements as described in the mermaid graph and Wil
Ensure MOSA compliance

Incorporate cybersecurity requirements

Ensure degraded-mode performance

Inelude specific categories: Application, Platform, Standard, Ac|
Use appropriate SEER-H knewledge base selections for all wor|

2. WBS Configuration

tem
Production quantities
weignt unit

WBS depth level

3. Columns

Documented
Assumptions

Canvas vl Lawst

E8 Table

" Tree | () Serit | [2 Ground Rules & Assumptons

I 1Next-Generation Battie Management System (8MS) >

T 11Program Management ~

Platiorm [y ——
Apphestion e Knousdgs
Econamic Factors 1~GaneralRates, Cross- Functional Team
Acquisiton Category 1-No System Lavel Costs

Standard Ho Knondedge

~ E 111 Program Planning & Control
= 1111 Program Planning >
<5 111.2 Program Control ~
Platorm o Knowledge

Appiication o Knowledge

Economic Factors 1-General Rates

Acquisition Category N Knowlsdge

Standard INo Knowledge

¥ X 11.2 Program Management Office
% 11.21 Program Management Staff »
% 11.2.2 Program Management Tools >
I 12 System Engineering >
¥ I 1.21Requirements Definition
> 1211 User Requirements >

< 1212 System Requirements >

¥ I 122 system Design

) EBport | E1 X

Cost estimation o
Total Development Hours. on
Total Production Hours on
Totsl APUC Hours on
Total Acqisiian Hours. on
Total Development Cost $0.00
Total Production Cost $0.00
Total APUC $0.00
Total Acqisiion Cast $0.00

Model Framework
& Cost Estimate

GALORATH

PS——— e




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

Use Case 3: Manufacturing Cost

Connect DTC and DFM trade spaces to BOMs, routing, and reviewer rationale

INPUT TARGET OUTPUT
Engineering Drawing (PDF) & m g 2 'dentity grg 3 Compare g 4 Validate Cost view with assumptions, dynamic model,

RFQ Spreadsheet and agentic support for tradeoff analysis
/ Automated Prompt\ / Contextual Agent \ / Retrieval-Augmented\ / Human-in-the-Loop\
Engineering 77 Activation Generation HITL Validation
Agent extracted GD&T and Al detects the Manufacturing Agent retrieved cost critical Estimator reviews the
engineering notes information task,and thus deploys an data from process specs assumptions document and
from the drawing attached to the Agent with contextual training mentioned in the drawing model framework prior to
prompt. Prompt data was on Manufacturing best (previously loaded in vector automated model calculation.
vectorize the critical information practices (e.g. GD&T) and dB) along with other customer Estimator reviews the outputs
to support dataset retrieval. SEER-MFG documentation. specific requirements. Data of the model, and adjusts

Cost driving data was captured Agent builds framework for added to Assumptions parameters and settings as
Q the Assumptions documeny Q}main specific cost model. J wcument. J \needed. J

The workflow does not ask Al to produce the estimate directly. It uses Al methods to structure evidence, automate interpretation,
retrieve supporting sources, and preserve estimator judgment.

ECAI pattern

v GALORATH
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Engineering Drawing to Cost Estimate

Example: Using SEERai to apply ECAI Framework to Manufacturing Estimate

Master Rod for Radial Engine.png

2 Visitsite
——=

NOTE

1LALL DIMENSIONS ARE IN MILLIMETERS.
2MATERIAL BRASS

3.FOR EDUCATIONAL PURPOSE

CAD CAM TUTORIAf
MASTER ROD FOI
RADIAL ENGINE
" Master Rod

7 I3 3 i 3 =7 I

User Input

Open in new tab (7

Engineering
Drawing

a

Missing Information for SEER-MFG Inpuj

To finalize the WBS, | need clarification on the follg
1. Exact Envelope Dimensions

« The RFQ states the part is >71000mm, but SE|
dimensions (e.g., diameter, thickness). Can |
assumptions (e.g., ~1200mm diameter)?

2. Surface Area

» Required for surface treatment costing (e.g.|
provide this or confirm an estimate (e.g., ~2,

3. Tolerances and Surface Finish

= The RFQ references general tolerances (NE
Should we assume:

+ Tolerance: £0.2mm for web/flange thicki
« Surface Finish: Ra 3.2 um (typical for ael

4. Machining Operations

= Should we model specific operations (e.g., 1|
If so, what are the depths/cut lengths?

5. Forging Procurement

= s the forging process (TDS 550-70363-901)
as raw material procurement? 1

[z Tree (%) seript Eﬁ Ground Rules & Assumptions
°E Tree | [%) Script [z Ground Rules & Assumptions
~ % 1Master Rod for Radial Engine Manufacturing
Master Rod for Radial Engine Manufacturin v I 11Machining Gperations
SEERIMEC ~ /2 111 Machining of Master Rod

5 . . . Product Description B
Create a Work Breakdown Structure (WBS) to estimate manufacturing costs and timeline|

brass master rods annually using precision machining processes in a Mexico-based plg| Labor Calibration B >

Manufacturing Description [

1. Key Requirements Engineering Description B

. o - . Material @
* Material: Brass (as specified in engineering drawing)

Overall length: 250mm with multiple diameters (52mm, 63mm, 35mm, 24mm)
Geometric features: Custom cross-section with varying thickness (18mm, 42mm), raj
R35TYP), and holes (4x M10 tapped, 4x R13)

Manufacturing process: Machining from brass stock (bar or block)

Confirmed operations: Rough turning, finish turning, drilling, milling/boring
Production volume: 10,000 units per year

Location: Manufacturing plant in Mexico

Tooling Parameters B >

Inspection / Rework B >

Mark Part >

Package Part >
Operations v

Operation/Feature Description

2. WBS Configuration

Rough turn external diameters and face ends
Item Value

| Finish turning of master rod diameters to final dims
Product type Aerospace/Engine Component

Drill 4% M10 tapped holes and 4x R13 holes in master rod Drill

Production volume 10,000 unitsfyear

Tap 4x M10 holes in master rod Tap B
Primary manufacturing process Machining

Rough end milling of custom cross-section and radii End MillRough B
Starting material Brass stock

Finish milling of custom cross-section and radii on master rod End Mill Finish
Unit system Metric

Manual deburring of edges and radii on master roel Deburr Edges B
Suggested element types. Machining

Deburr 4x M10 tapped holes and 4x R13 holes on master rod Deburr Holes @)

’ ‘1

Context
Refinement

User Validation

a User Interrogation °

Assumption Model
Documentation Framework

Cost Model &
Estimate

GALORATH
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Validation Method: Golden Tasks and Human Review

The proposed validation structure makes performance and transparency measurable across repeated estimation
exercises.

Cycle time First-pass quality Trace depth
Elapsed time to first auditable output Accepted outputs that do not require Output elements with complete
suitable for human review substantive rework provenance and reviewer validation

Golden task sets provide repeatable input packages and expected output structures for future benchmarking.

GALORATH
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Modeled Impact Across Use Cases

Modeled cycle-time reduction Explainability outcome

RFI/RFP compliance mapping 60-75% Fewer missed dauses; matrix becomes defensible
Hardware WBS generation Up to 700 /0 WBS nodes retain lineage, analog basis, and reviewer notes
Manufacturing DTC/DFM modeling 40_ 600 A) Cost drivers and manufacturability flags link to BOM and routing
Software sizing baseline 3 5- 500 /0 g\ejlrjls:gnal scope is auditable across agile, staged, or hybrid

Results combined modeled scenario projections with results from initial pilot applications.

GALORATH
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GALORATH

Thank You

David C. Rampton Charles Orlando
Galorath Director of Al Solutions Galorath Chief Strategy Offcer

drampton@galorath.com corlando@galorath.com
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Questions
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