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PiratesSeizingMerchantDefense mission:
Turtle syntax read into the Protége ontology tool

<& rmissions (https://www.nps.edu/ontologies/MissionExecutionOntelogy/missions) : [C:\Users\curt\Documents\EthicalControl\missions\turtle\ PiratesSeizingMerchantDefense.ttl] - m} X
File Edit View Reasoner Tools Refactor Window Help

@ missions (hitps://www_nps.edu/ontologies/MissionExecutionOntology/missions) ~ Search...

Active ontology = | Entities = | Individuals by class x | DL Query = | CntoGraf = ‘ Snap SPARGL = ‘

| Annotations | RDFAXML rendering | Ontology metrics: EIEEE

Ontology header: B0 wmetrics
Ontelogy IRI https:/fwww.nps.edulontologies/MissionExecutionOntology/missions Axiom 403
Ontology Version IRI Logical axiom count 245
Declaration axioms count 79
Annotations Class count 11
Object property count 19
Individual count 50
Annotation Property count 2

Class axioms

SubClassOf 21
EquivalentClasses
DisjointClasses 2

Object property axioms
SubObjectPropertyOf 5

InverseObjectProperties 1

|Onto|0gy imports | Ontology Prefixes | General class axioms |

Imported ontologies: afn =]

Direct Imports

<https:fiwww.nps.edu/ontologies/MissionExecutionOntology=
MissionExecutionOntology
ooy IRE <https:waww.nps.eduiontologiesiMissionExe cutionOntalogy= "

tion: CAlJsers\eurtiDocuments\Ethical Controlontologies\MissionExecution Ontology.rdf

Indirect Imports

Note: The base relationships ontology
(MissionExecutionOntology) has

133 axioms, so the other 270 are from
the PiratesSeizingMerchantDefense
mission expressed in the ontology.

Git: master To use the reasoner click Reasoner > Start reascner | v Show Inferences A




PiratesSeizingMerchantDefense mission:
Turtle syntax read using Protege ontology tooI

<4, missions (https://www.nps.edu/ontologies/MissionExecutionOntology/missions)

File Edit Wiew Reasoner Tools Refactor Window Help

< ® missions (https:/fwww.nps_edu/ontologies/MissionExecutionOntalogy/

[ChUsershcurt\Documents\EthicalContrelymissionshturtle\PiratesSeizingMerchantDefense. t] -

Active ontology = | Entities = | Individuals by class = | DL Query = | CntoGraf

x | Snap SPARGL x|

~ Search_..

Annotation properies | Datatypes | Individuals

Classes

| Chject properties | Data properties

|Individua| Annotations | Individual Usage |

Individuals: PSMD14.0
& X
. Pirates SeizingMerchantDefense
& pPsMD11.0
& psmD12.0
& PsSMD13.0
& PsMD13.1
& pPsmD13.2
PSMD14.0
& PsSMD14.1
& PsSMD14.2
& PsMD14.3
& PsMD14.9
& pPsmD21.0
& psmD22.0

M= [

Protégé lists the
individuals (e.g.,

= 4 PSMD14.0 — https:/iwww.nps_edu/ontologies/MissionExecutionOntology/missions#PSMD14.0

Annotations: PSMD14.0

Annotations
rdfs:comment
Track Merchant

Description: PSMD14.0

ElIHm X

Property assertions: PSMD14.0

Types
) owl:Thing

Ohbject property assertions
B hasNextOnViolate PSMD99.0
» B hasNextOnFail PSMD14.1

& PsmD22.1
& psmD2z2.2
& pPsmD30.0
& PSMD31.0
& PSMD32.0
& psMD32.1
& PsmD32.2
& PsmD32.3
& PSMD33.0
& PsMD33.1
& PsSMD34.0
& PsSMD34.1
& PsMD34.2
& PsSMD34.3
& PsSMD34.4

goals, mission)
and associated
axioms asserted
in the mission
ontology.

Git: master

Same Incliviclual Az

Different Indivicuals

M hasNextOnSucceed PSMD14.1

Data property assertions

Megative chject property assertions

MNegative data property assertions

To use the reasoner click Reasoner = Start ressoner | Show Inferences A




Start a reasoner (here, HermiT) to check validity of the Mission
against the MissionExecutionOntology base ontology

’-@l missions (https://www.nps.edu/ontolegies/MissionExecutionOntology/missions) : [ChUsers\ curt\Documents\ EthicalControl\missionshturtle\PiratesSeizingMerchantDefense.ttl] — O x

File Edit ViewTooIs Refactor  Window Help
< LONEEM Y Start reasoner Ctrl-R r:utionOntolngy.-"missiuns_: ~ Search...

Starts a new reasoner and initializes a cache of reasoning results
Active ontology = including the inferred class hierarchy and the inferred types of
of individuals.

fuals = @ PSMOTZU — https://www._nps.edufontologies/MissionExecutionOntology/mis sions#PSMD14.0
D Configure... |Individua| Annotations | Individual Usage

LI VEI SN o HermiT 1.4.3.456 = =] @ Annotatio 0 2] [0 = ] []
&
4 ﬁ Pellet Annotations

& Pirates SeizingM« Pellet (Incremental) rdfs:comment

@ PsMD11.0 Mone Track Merchant

& pPsmD12.0

& PsMD13.0

& PsMD13.1

& pPsmD13.2
PSMD14.0

& PsMD14.1

. PSMD14.2 Desu:riptian: PSMD14.0 F'roperty assertions: PSMD14.0

& PSMD14.3

. PSMD14.9 Types Ohject property assertions

& PSMD21.0 ) owl:Thing B hasNextOnViolate PSMD99.0

& PsMD22.0 ™= hasNextOnFail PSMD14.1

: PSMD22.1 Same Individual As m= hasNextOnSucceed PSMD14.1
PSMD22.2

& pPsMD30.0

. PSMD31.0 Different Incividuals Data property assertions

& pPsmD32.0

. PSMD32.1 Megative ohject property assertions

& psmp32.2

& PsMD32.3

& PSMD33.0

& PSMD33.1

& PSMD34.0

& PsSMD34.1

& PsmD34.2

& PsSMD34.3

& pPsmD34.4

Annatation propert
Classes

-

Megative data property assertions

Git: master To use the reasoner click Reasoner = Start reasoner | v Show Inferences A




Reasoner indicates that ontology has inconsistencies,
orovides path to check explanation of those findings.

Help for inconsistent ontologies >

The next slide shows even further diagnostic

@ Your antology is inconsistent which means that the OWL reasoner will no longer be detall prOVIded by PrOtege-
able to provide any useful information about the antology.

You have several options at this point: Not receiving any wa rnings IS good!
& Click the Explain button to try the Protege explanation facility.

& [fyou think you know what the problem is, click Cancel to fix the antology CoroIIary'
yourself. ) ' )
& Some reasoners come with command line tools that will provide complete the worst-case error is an undiscovered error.

explanations far inconsistent ontologies.

Even worse: later repeating that previously
corrected error, without detecting recurrence.

TODO: figure out why offline ARQ validation
isn’t identifying every problem as expected.

Explain Cancel




Reasoner explanations indicate that two goals
(id PMSD35.2 and PSMD90.0) have properties
that violated the irreflexive condition
(a goal cannot immediately follow itself)

[EJ Inconsistent ontology explanation

# Show regular justifications ® Al justifications

Show laconic justifications Limit justifications to

E)(p|ar‘| ation 1 Display laconic explanation

Explanation for: owl: Thing SubClassOf owl Nothing
PSMD235.2 hasMextOnFail PSMD35.2 [RIL

Irreflexive: hasiext ALL
hasMextOnFail SubPropertyOf: hashext [ [w]
Explan ation 2 Display laconic explanation

Explanation for: owl: Thing SubClassOf owl Mothing
hasMextOnViolate SubPropertyOf. hashext MO
PSMD90.0 hasMextOnYiolate PSMDS0.0 MO
Irreflexive: hashext ALL

The reasoner identified two errors for correction in the original AVCL mission

that were not diagnosed otherwise! This is important milestone of progress.
The original mission mistakes causing these errors have since been corrected.




Consider the SailorOverboard Mission:
here it has been loaded into Protegé

B missions (https://www.nps.edu/ontologies/MissionExecutionOntelogy/missions) : [C\Users\curtDocuments' EthicalCentrolmissions\turtle\ SailorOverboard.ttl] — [m} ®

File Edit View Reasoner Tools Refactor Window Help

© missions (https:/fwww.nps_edu/ontologies/MissionExecutionOntology/missions) ¥ Search...

Active ontology = | Entities = | Individuals by class = | DL Qluery = | CntoGraf = | Snap SPARQL = |

Annotation properies | Datatypes | Individuals = 4 Goal1 — https://www.nps_edu/ontologies/MissionExecutionOntology/missions#Goal1
Classes | Object properties | Data properties |Indi\ridua| Annctations | Individual Usage |

Individuals: Goall M= ™ X @ Annotations: Goalt FINEEE
.+ 3& Annctations

_ rdfs:comment
Goal2
& Goald
& Goaa
& Goals
& Goals
& Goal7
& Goals
& RecoveryPosition
& sailorOverboard

Deploy, Launch

Description: Goall Bl = m E § Property assertions: Goal1 = ] ]

Types Ohiject property assertions
) owl:Thing W hasNextOnViolate Goal5
B hasNextOnFail Goal2
Same Individual As B hasNextOnSucceed Goal2
Different Indivicuals Data property assertions

Megative ohject p ry assertions

MNegative data property assertions

Git master

To use the click > Start v Show (O]



... how run Reasoner to see what ca
inferred from the formal Mission defi

B missions (https:/fwww.nps.edu/ontelogies/MissienExecutionOntology/missions) : [C\Users\curt\Docurnents\Ethical Controlmissions\turtle\SailerOverboard.t] - O x
File Edit View Tools Refactor Window Help
< © missions (https://www.nps edu/ontologies/MissionExecutionOntology/missions) ~ | Search...
Active ontology = | Entitias = | Individuals by class = | DL Query = | OntoGraf = | Snap SPARGL = |
Annotation properties | Datatypes | Individuals = @ Goall — https://www.nps_edu/ontologies/MissionExecutionOntology/missions#Goall
Classes | Object properties | Data properties |Indi\r\dua| Annotations | Individual Usage |
Individuals: Goal1 ME Mm@ Annotations: Goall JEaln 1= o]
o+
. ﬁ Annctations
rdfs:comment
# Goalz Deploy, Launch
@ Goal3
& Goald
& Goal5
& Goals
& Goal7
& Goals
& RecoveryPosition
& sailorOverboard
Description: Goal1 1 = ™[ § Property assertions: Goall = =[]

N be
Nition

Inferred axioms

MisFollowedBy Goal2
mmisFollowedBy RecoveryPosition
MisFollowedBy Goals
MisFollowedBy Goald
mmisFollowedBy Goalf

Data property assertions

Megative ob

operty assertions

Megative data property assertions

Git: master

Types property assertions
owl:Thing B hasNextOnViolate Goal5
Goal > W hasNextOnFail Goal2
- ™ hasNextOn Succeed Goal2 ="
Same Individual As MW hasNext Goal2 /
W hasMext Goals
Different Inclividuals misFollowedBy Goal3

are highlighted

| Reasoner sctive |4 Show Infesences (D)



With the reasoner running, can use
DLQuery to interrogate the ontology

4 missions (https:/www.nps.edu/entelogies/MissionExecutionOntolegy/missions) : [Ch\Users\curt\Documents'Ethical Control\missions\turtle\SailorOverboard tt] — [m] X
File Edit View Reasoner Tools Refactor Window Help
< © missions (https://www.nps.edu/ontologies/MissionExecutionOntology/missions) ¥ | Search...
) Goal
Active ontology x | Entities = | Individuals by class x | DL Query = ‘ CntoGraf | Snap SPARGL = |
Class hierarchy: Goal FIM =M § DL query: [ = ] ]
%8| =t Asserted ~  Query (class expression)
v-- @ owl Thing hasEndCondition some EndCondition

-~ Constraint

S oncon i.e., find any individuals in the mission

- o=

& GosRequreren Erecue | Addto ontology that have an EndCondition

-4 Vehicle Q
uery results
0 VehicleFeature ry
Query for

no individuals (i.e. “instances”)

were found meeting this condition

v Instances

Result filters

Name contains

(in superclass results)

¥ Display owl:Thing
It

¥ Display owl-Mothing
(in subel

beolass results)

Git: master Ressoner sctive |« Show Inferences

Here, none of the Goal
individuals in the mission
ontology satisfy the
property constraint
“hasEndCondition some
EndCondition”. The mission
definition does not satisfy
some of the initial design
ideas encoded into the
base ontology rules.

TODO: review, fix!

Can also use SPARQL for
such queries, which can be
executed inside or outside
a tool like Protégée. o




SPARQL query: check Mission to find initial Goal

< missions (https://www.nps.edu/ontologies/MissionExecutionOntology/missions) : [CAUsers\curt\Documents'Ethical Controlymissions\turtleSailorOverboard 4]

— O *
File Edit View FReasoner Tools Refactor Window Help
< @ missions (https=/fwww.nps.edu/ontologies/MissionExecutionOntology/missions) | Search...
Jreguires
Active ontalogy = | Entities = | Individuals by class = | DL Query = | OntoGraf = | Snap SPARQL = |
Snap SPARGL Query: 1 I=]JE]]
PREFIX owl: <http:/fwww.w3.0rg/2002/07 fowl£=

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#=
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema# >
PREFIX meo: <https://www.nps.edu/ontologies/MissionExecutionOntology# =

# Query to find any individuals in the ontology file that are related to some goal through the startswith property.

SELECT ?Mission ?Goal WHERE {

?mission meo:startsWith ?goal .

BIMD (strafter(xsd:string(?mission),”#") AS ?Mission)
BIMD (strafter(xsd:string(?goal),”#") AS ?Goal)

Execute

Mission Goal
SailorOverboard“xsd:string Goal1™ysd:string

1 results

Git: master

Reascner active | vw| Show Inferences
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SPARQL query: Find Goal individuals linked to other
Goal individuals through hasNextOnSucceed property

<€ missions (https://www.nps.edu/ontologies/MissionExecutionOntology/missions) : [C\Users\curt\Docurnents\EthicalControl\missions\turtle\SailorOverboard.tt] — O x

File Edit View Reasoner Tools Refactor Window Help
< @ missions (https://www.nps.edu/ontologies/MissionExecutionOntology/missions) ~ Search
requires
Active ontology = | Entities = | Individuals by class = DL Query = OntoGraf = Snap SPARGL =
Snap SPARQL Query: 1] =]CIEd|

PREFIX owl: <http://fwww.w3.0rg/2002/07 fowl#>

PREFIX rdf: <http://fwww.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

PREFIX meo: <https://www.nps.edufontologies/MissionExecutionOntology# >

# Query to find any goals in the ontology file that are related to some other goal(s) through the hasNextOnSucceed property.

SELECT ?Goal ?HasNextOnSucceed WHERE {
?goal 2 meo:Goal .
?linkedToGoal 2 meo:Goal .
7goal meo:hasNextOnSucceed ?linkedToGoal .
BIND (strafter(xsd:string(?goal),”#") AS ?Goal)

BIND (strafter(xsd:string(?linkedToGoal),”#") AS ?HasNextOnSucceed)
¥
Execute
?Goal ?HasNextOnSucceed
Goal1™yxsd:string Goal2™ysd:string
Goal3“xsd:string Goald“ysd:string
Goal2"ysd:string Goald“ysd:string
Goals“xsd:string RecoveryPosition™xsd string
Goald™yxsd:string Goals"“ysd:string
5 results
11

Git: master Reasoner active | v Show Inferences




<€ missions (https://www.nps.edu/ontologies/MissionExecutionOntology/missions) : [C\Users\curt\Documents'\EthicalCentrol\missions\turtle)SailorOverboard.tl]

- O s
File Edit View Reasoner Tools Refactor Window Help
< @ missions (https:/fwww_ nps.edu/ontologies/MissionExecutionOntology/missions) v Search...
Active ontology = | Entities = | Individuals by class = | DL Query = OntoGraf = Snap SPARQL x
Snap SPARQL Query: (I = =] %]

PREFTX owl: <http:/fwww.w3.0rg/2002/07 /owl#>

PREFIX rdf: <http:/fwww.w3.0rg/1999/02/22-rdf-syntax-ns#=

PREFTX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#=>

PREFIX meo: <https://www.nps.edufontologies/MissionExecutionOntology# =

# Count the number of goal individuals a mission starts with (anything other than 1 is an error condition).
SELECT (COUNT(?startGoal) as 2numberOfStartingGoals) WHERE {

?mission meo:startsWith ?startGoal .

OPTIOMNAL {7x rdfs:label ?lab}

h
ORDER BY ?startGoal

Execute

ZnumberOfStartingGoals

As discussed with Rich Markeloff, proper construction of this query can be difficult.

Alternatively, and perhaps better, if we make the startsWith property functional (a
Mission can only relate to a single Goal individual through the startsWith property),
then a mission with two distinct individuals related to the mission by the startsWith
property causes the reasoner to infer the ontology is inconsistent.

1 results

Git: master

Reasocner active |v| Show Inferences
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<8 missions (httpsy/fwww.nps.edu/ontologies/MissionExecutionOntology/missions) : [C\Users\curt\Documents' EthicalControlymissicns\turtlelSailorOverboard.ttl]

- | X
File Edit View Reasoner Tools Refactor Window Help
< @ missions (https:/fwww_ nps.edu/ontologies/MissionExecutionOntology/missions) ¥ Search...
Active ontology = | Entities = | Individuals by class = | DL Query = | COntoGraf = | Snap SPARQL = |
Snap SPARQL Query: (I = =] %]

PREFTX owl: <http:/fwww.w3.0rg/2002/07 /owl#>

PREFIX rdf: <http:/fwww.w3.0rg/1999/02/22-rdf-syntax-ns#=

PREFTX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#=>

PREFIX meo: <https://www.nps.edufontologies/MissionExecutionOntology# =
PREFIX : <https://www.nps.edufontologies/MissionExecutionOntology/missions# =

# Find goal individuals in the seguence of goals in the mission that have chains leading back to themselues.|

SELECT ZloopGoal
WHERE {
?loopGoal meo:isFollowedBy ?loopGoal .

¥
ORDER BY ?loopGoal

Execute
?loopGoal

(Goal2

‘Goal3

‘Goald

‘Goals
Same objective... but here is an alternate formulation that finds follow-on Goals.
We are working through ontology design to ensure that all constructs are testable,
unambiguous and widely implementable. Unit testing of missions is essential.

4 results

Reasocner active |v| Show Inferences
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TODO

Many additional queries are possible and planned as work continues.
Future updates to this slideset will continue to explore them.

All results remain repeatable and online at
e https://savage.nps.edu/EthicalControl/#Queries

e https://gitlab.nps.edu/Savage/EthicalControl/tree/master/queries

14


https://savage.nps.edu/EthicalControl/#Queries
https://gitlab.nps.edu/Savage/EthicalControl/tree/master/queries
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