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Mission Thread Authoring
Workbench

Demo

Use case description

Motivation & Background
How are current Mission
Threads authored?
Neuro-symbolic Al
Augmented Wargaming &
Acquisition

How do you use the tool?
Use case exemplar

Enabling Technologies
Mission Thread Ontology
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TRADITIONAL MISSION THREADS
(STATIC DOCUMENTS)
Static documents that cannot
be validated or queried.

Static documents that
cannot be validated
or queried.

Uses

Transforming Mission Threads:
From Static Prose to Computable Knowledge

THE MTO SEMANTIC FRAMEWORK

BFO AND CCO
ALIGNMENT

CLOSED-WORLD
SHACL VALIDATION

upper-level

ontologies to ensure date is
portable across defense

platforms.

flags reissing

legal authorities or structural

gaps during the authoring
process.

PROVENANCE-LINKED
METADATA
Connects every mission step
to its evidentiary source using
the PROV-O standard

STRUCTURE
Converts natural language
operational concents into
candidate somantic graph

THE FIVE-STAGE AUTHORING PIPELINE COMPUTABLE
Y KNOWLEDGE GRAPHS
IDEATION TO EVIDENCE & MULTI-FORMAT (EXECUTABLE)

ASSUMPTIONS BINDING  PRODUCT GENERATION
Exports validated threads to
ROF, UAF architecture views,
and BPMN process models.

Explicitly links mission actions
to intelligence products and
underlying operational

elements. assumptions

UAF ARCHITECTURE
VIEWS

|

BPMN PROCESS
MODELS

THREE-TIER GOVERNANCE MODEL
Governance Tier  Governad Element Enforcement Mechanism
SCHEMA
INSTANCE

PROCESS
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Semantic Mission Thread Authoring: From Ambiguous Sketches to Validated Architecture

VALIDATED ARCHITECTURE

THE SOLUTION: MTO & VALIDATED WORKFLOW

AMBIGUOUS SKETCHES

THE PROBLEM: AMBIGUOUS SKETCHES & INVISIBLE GAPS

STATIC FORMATS STIFLE DOWNSTREAM TOOLS:
Word docs and PPT "swim lanes” lack the triplestore
queries and validation needed for simulation.

MISSION VS. MISSION ENGINEERING THREADS

Mission Engineering
Mission threads 1~ ! Engineering threads

describe whatis | ), define how itis
accomplished accomplished

DK

THE "INVISIBLE"
N\ LEGALGAP /|

A thread was approved, but lacked
legal authority—a critical failure
only discovered months later.

100% SUCCESS IN SEAD VALIDATION

SHACL-GUIDED AUTHORING PIPELINE

A five-stage workflow uses automated constraints
to flag logic violations at authoring time.

SIMULATION INTEGRATION  EXECUTION

PORTABILITY IS NON-NEGOTIABLE

Tested on third-party MQ-99 data with zero shape Built on open standards (RDF, OWL 2, SHACL)
violations and 12/12 competency questions passed.  to ensure interoperability across NATO partners.

FEATURE
FORMAT

VERIFICATION

TRACEABILITY

COMPARISON: LEGACY VS. SEMANTIC AUTHORING

LEGACY AUTHORING (TODAY) | SEMANTIC AUTHORING (MTO)

Word, PowerPoint,
Whiteboards

Manual Human
Review

Implicit/Silent
Assumptions

b RDF, SHACL,
Knowledge Graphs :’(
() Automated
‘Qa Reasoner-Verified o
Evidence-linked A\
é R

Provenance
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- Mission Thread: Detecting Drones Approaching a Civilian Airport

DK

Objective: Detect, identify, and alert stakeholders about unauthorized drones before they create a safety hazard.

" o )

Airport
Monitoring

Continuous surveillance
of runways, approaches,
and perimeter.

Drone
Detection

Radar, RF, optical,
and acoustic sensors
detect a low-altitude
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speed, altitude, and
proximity to active

operations, ATC,
security, and law

aircraft operations
and dispatch

Threat Alert & Operational Risolition
Assessment Notification Response
Analyze location, Notify airport Assess impact to Drone exits, lands,

or is confirmed no
longer a threat.

-
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Mission
Success

Early detection, fast
alerts, reduced aircraft
risk, preserved
evidence, safe

object. flight paths. enforcement. response teams. :
resumption of
operations.
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TERMINOLOGY & DEFINITIONS

What is a Mission Thread!

Mission threads describe WHAT must be accomplished.
Mission engineering threads describe HOW it is accomplished.

MISSION THREAD (MT) SEQUENCE

. rocket_laun
radar search assignment

Detect Threat ID Target Assign Resources Engage

Source: Mission Engineering Guide
November 2020 Office of the Deputy Director for Engineering Office of the Under Secretary of Defense for Research and Engineering

(5
fact_check

Assess Damage
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THE PROBLEM

Ambiguous mission threads create uncertainty downstream

TODAY WHAT DOWNSTREAM TOOLS NEED
@ Word docs @ Triplestore queries
CJ PowerPoint swim lanes @ SHACL validation
ﬁ Whiteboard sketches -’\,— Simulation input

EJ Some MBSE Architecture Tools

An interdiction thread was reviewed and approved. Months later, a legal advisor asked: “Under what authority?”
The thread was silent. The gap was invisible until someone asked the right question in the right room.



Neuro-Symboaolic Al-Augmented Acquisition Wargaming

Conceptual Architecture

HUMAN DECISION-MAKERS - Trust Calibration - Accountability - Bias Mitigation

Scenario Mission Thread Wargame Gap Hypothesis Decision
Development Construction Execution Generation Support

NEURAL COMPOMNENTS SYMBOLIC COMPONENTS
e ——
Large Language Models + Pattern Recognition Knowledge Graphs - Formal Ontologies (BFO/CCO)
—
Creative Fxploration - Natural Language Processing Ontalogical Constraints - SHACL Validation - Rules
Loop

Scenario
Archive

A1 & Knowledge s
Regresantation Ftearoion
INSTITUTIONAL ANALYTIC MEMORY
Mission Thread Viargame Gap Hypothesis Decision
Repository nsights Evidence Provenance

PUBLIC RELEASE
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DESIGN PHILOSOPHY

Open standards. Layered ontology.

Basic Formal Ontology (BFO) — ISO/IEC 21838-2 (upper)

Mid-Level Ontologies CCO + IAO (mid-level)

MTO — Mission Thread Ontology (domain)

Portability is non-negotiable.

OPEN STANDARDS USED

QRRRRRK

RDF

OWL 2 DL
SPARQL
SHACL
PROV-O
SKOS
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T
WAR aN ‘E Commentary Members Russo-Ukrainian War  Sign In Q

When the world's at stake, National security. Forinsiders. By insiders.
go beyond the headlines. Join War on the Rocks and gain access to content trusted by BECOME A MEMBER

policymakers, military leaders, and strategic thinkers worldwide.

COGS OF WAR

The U.S. Military Risks
Letting Contractors
Define How It Sees the
Battlefield

DAVID KAMIEN

March 31, 2026
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AUTHORING PIPELINE

Mission thread authoring workflow.

SHACL violation: revisit evidence / assumptions
o

- ~

A

Ideation to

D E

Constraint-Guided Evidence & Product Review &

Structure Completion Assumptions Binding Generation Certification

» graph efements SHACL at authoring time PROV-O, confidence RDF, UAF, BPMN, |SON

PATTERN LIBRARY

F2T2EA - F3EAD - OODA - detect-classify-track-interdict — every Counter-UAS thread built from the pattern inherits
InterdictionShape automatically. Governance is built into the substrate, not bolted on.
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Mission Thread: Detecting Drones Approaching a Civilian Airport

Objective: Detect, identify, and alert stakeholders about unauthorized drones before they create a safety hazard.
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Continuous surveillance

and perimeter.

of runways, approaches,

Radar, RF, optical,
and acoustic sensors
detect a low-altitude
object.
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Analyze location,
speed, altitude, and
proximity to active
flight paths.

Notify airport
operations, ATC,
security, and law
enforcement.

Assess impact to
aircraft operations
and dispatch
response teams.

Drone exits, lands,
or is confirmed no
longer a threat.

= =
Airport Drone Threat Alert & Operational Risolition Mission
Monitoring Detection Assessment Notification Response Success

Early detection, fast
alerts, reduced aircraft
risk, preserved
evidence, safe
resumption of
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CONOPS

(evidence)
fiesEyidance Indicator Constraint
— FAARA f D-6
Assumiption triggerediy
operator-controlled
| legalAifthority
assurhedBy Decision
: Point
Y Y
ndsOn nds0n As dependsOn roduces]
%%*__. e —&“
hasTarget

_ Target Mission Federal
ESpothilne (UAS role) Commander 0-6 C-UAS Team

The mission thread

Detect, classify, assess, interdict, plus the authority and assumption layers a prose thread leaves implicit.
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(evidence)

Assumption :

operator-controlied 1

1
: wthority

assurhedBy :

| 1

dsCn ds0h
m == w

hasTarget

_ " Target Mission -eder;
[0 Commander 0-6
“

Stage 1: authority left implicit

The thread is authored; the legal authority for a kinetic effect is missing. Validation fires on commit.

A\ InterdictionShape
Interdiction is missing a legalAuthority link to a Constraint.

A AuthoritySufficiencyShape
Kinetic interdiction lacks an O-6+ legal autherity (engagementMode 'kinetic’ requires a Constraint with authorizationLevel in 0-6..0-10)
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FsEyidence Indicator Constraint
Assumption trigg By
operator-controlled

i legalAdthority
assurhedBy fEEmn
: Paint
ndsCn nds=Jn As dependsOn roducesE]
El-ER-EN- - £
hasTarget

_ Target Mission Federal
Eepotiiive (UAS role) Commander 0-6 C-UAS Team

Stage 2: the author binds the FAARA authority
The B-to-C feedback loop: the gap sends the author back to bind the authority, The thread now conforms.

[ + CONFORMS — 0 violations. The thread is well-formed and operationally complete.
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CONOPS

(evidence)
indicator
Assumption triggeredBy
operator-controlled

: oty

assurhedBy Decisio
: Point
Y

ndsCn s As: dependsOn oducesk]
QIL == % _&.“

hasTarget

_ Target Mission Federal
[UAS role) Commander 0-6 C-UAS Team
“

Stage 3: present but under-rank
Authority is linked, but at O-3 for a kinetic effect. Structurally valid, operationally invalid. InterdictionShape passes; AuthoritySufficiencyShape does not.

A AuthoritySufficiencyShape

Kinetic interdiction lacks an O-6+ legal authority (engagementMode ‘'kinetic’ requires a Constraint with authorizationLevel in O-6..0-10}.

J InterdictionShape passes: the link is present. Only the sufficiency check fails.
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fiasEyidance Indicator

Assumption triggeredBy
operator-controlled

1
| i
assurhedBy Decision
: Point

dependsOn

hasTarget

_ Tanget Mission Federal
hm Ops

Stage 4: a reassess-after-action edit injects a cycle
A plausible authoring mistake adds a dependsOn edge from Interdiction back to Assess Intent. The acyclicity shape catches it.

Effect

A DependencyAcyclicityShape
Action participates in a dependsOn cycle (dependsOn+ reaches itself).

18
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Interdiction

hasTarget

Federal
C-UAS Team

Airport Ops

Stage 5: assumption sensitivity

If the operator-controlled assumption fails, which steps are at risk? One query (assumedBy then dependsOn*) answers it. A prose thread cannot.

Effect

Steps at risk if the assumption fails:

+ Assess Intent
+ Interdiction

19



The MTO is organized under BFO.

Mission Thread Ontology: 17 classes grounded in BFO, aligned to CCO/IAO
18 object properties - 10 SHACL shapes -

CONTINUANTS OCCURRENTS

Actor Action
CCO Agent CCO Act

12 competency questions

INFORMATION ENTITIES

generically dependent continuants

Constraint MOE

CCO Directive ICE CCO Measurement ICE

Resource Interdiction Operational Goal Indicator

BFO Material Entity subclass of Action CCO Objective CCO ICE

Mission Thread Risk
CCO Plan CCO ICE

Environment Effect
BFO Site BFO Process

MOP Assumption

Capability Decision Point
fi CCO Measurement ICE IAQ Hypothesis

BFQO Dis, 0 CCO Act of Decision Making

Target

BFO Role

PW Each class traces a subclass chain back to BFO and maps cleanly to UAF (OV-5b, 0V-2, 0OV-6¢c).
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Our three key contributions.

0] A reasoner-verified Mission Thread Ontology (MTO)
02 A SHACL-guided authoring workflow

03 Computational validation on authentic data

21



PW

Validation on a Suppression of Enemy Air Defenses (SEAD) data.

Source: independently authored MQ-99 “Berserker” SEAD model from IGNITE Hackathon 2026 as well as in the UAOS /
openCAESAR family — a third-party mission-engineering artifact.

CHECK TOOL RESULT

Logical consistency HermiT O unsatisfiable classes

Logical consistency OWL-RL 56,199 inferred triples; O owl:Nothing

Shape conformance pySHACL O violations, O warnings (10 shapes)

Competency questions OWL-RL + SPARQL 12/12 execute; O strict-invariant failures

Negative tests pySHACL unauthorized + under-authorized + cycle: all flagged
Structural metrics rdflib 17 classes, 18 obj props; rel. richness 0.51

Two findings worth naming: the kill chain's reconnaissance steps (Find / Fix / Track / Target) carry no MOPs in the
source model; and the source model carried no legal authority and no evidence-linked assumptions. Both had to be
authored — with provenance recorded.
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SECTION 3.6

Four corrections the reasoner forced.

O] Constraint = Directive ICE, not Disposition

Deontic norms prescribe; dispositions manifest. Disposition typing is unsatisfiable in OWL 2 DL.

0 2 Target = Role borne by a Material Entity

Target-hood is anti-rigid and externally grounded — the signature of a BFO Role, not a kind.

0 3 dependsOn = simple, irreflexive, asymmetric

Closure computed via SPARQL property paths. Transitive + irreflexive + asymmetric is OWL 2 Full.

0 4 assumedBYy reversed: Assumption = Action

Lets propagation chain through dependsOn+, without a non-simple property axiom.
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HONEST LIMITS

Limits and next steps

Single mission class validated.

One SEAD thread. Coverage of the vocabulary is demonstrated, not exhaustive.

The action-specification problem.

MTO types Action as a BFO Process. But at authoring time, no process has yet occurred — the nodes an author
manipulates are specifications of intended acts (directive content), not the acts themselves. A faithful remodel

would introduce an action-specification layer of ICEs that prescribe, and are later realized by, the process-level acts.
This is paper-wide and the most significant open problem.

SUGGESTIONS AND FUTURE DIRECTIONS

- Human-centered evaluation (authoring efficiency, interoperability, operational value).
- Contribute Assumption and Constraint extensions to CCO.

- MEDS © MTA temporal bridge for end-to-end traceability.

- Automated reasoning.
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IN SUMMARY

Reasoner-verified ontology — 17 classes, 18 object properties.

Validated on a third-party SEAD model with zero shape violations.

A concrete basis for the human-centered evaluation and the action-specification remodel
ahead.

Questions.

Contact:
david@Mind-Alliance.com
paulwach@arizona.edu
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