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A man in an elegant suit in the center, with a raised arm, surrounded by
some people gathering around his body. Some blood on his ear, an
American flag on the background.

photo by Evan Vucci/The Associated Press

What we may know perceptually (physical patterns)
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Multimodal multilayer meaning

A political figure or leader, doing a victory gesture, surrounded by
guards / agents protecting him. Some_blood spilling from his ear, an

American flag on the background.

photo by Evan Vucci/The Associated Press

What we may know commonsensically (social patterns)
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The assassination attempt on Donald Trump.

photo by Evan Vucci/The Associated Press

What we may know as a specific social fact (news-like)
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Research goals

« Content from multiple modalities, pragmatically described in
natural language (NL), which acts as a hub from content to
knowledge (automated extraction)

» Knowledge™ as a supramodal hybrid representation for
joint logical and geometrical inference

Extended Knowledge Graph

» Ground World Models (passive, active) as shared reference
knowledge

» Knowledge graphs representing both explicit (base KG) and
implicit (eXtended KG - XKG) facts at different linguistic
layers (literal, presupposed, implicated, figurative, etc.), and
ontological layers (material, cognitive, social, abstract)
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How to extract knowledge from arbitrary signal, and make sense of it [11]?
Direct to graph [1]

Mediated by language (Multimodal generative Al)
Passive vs. Active Al [2]



AMR to FRED Extended graphs

Symbolic coercions

Metonymic coercions

Moral value-driven coercions
Biden said it was time to pass the torch to a new generation.
Full graph - All extensions

This is the result of converting the AMR graph to a FRED-like knowledge graph using AMR2FRED. Graphical  Full graph

Zoom: double-click to zoom-in and Shift + Double-click to zoom-out, or use Shift + Scroll This is full graph built by merging the base graph with all the extensions provided by the LLM.
IICUINEW_L d pPuIS:lew—uL ;

Pan: drag left mouse button pblrinew-01.new-object fred:generation_1 .

fred:pass_1 a pbrs:pass-05 ;
coerce:coercedType fred:transfer_responsibility_1,
mor:TransferOfPower ;
vn.role:Time fred:time_1 ;
pblr:pass-05.getter fred:generation_1 ;
pblr:pass-05.giver fred:person_1 ;
pblr:pass-085.thing-changing-hands fred:responsibility_1,
rdfs:label fred:torch_1 .

fred:Torch ‘ amr:Person ‘ ‘ dbpedia:Joe_Biden m | be newly created; recently come into being fred:represent_1 a pbrs:represent-01 ;
pblr:represent-01.argl fred:responsibility_1 ;
owliequivalentClass | rdfs:subClassOf rdfs:subClassOf rdfs:subClassOf rdfs:subClassOf pblr:represent-1.theme fred:torch_1 .
h 1 | | dul:PhysicalObject ‘ | _artifact | ‘ dul:A ‘ | i 4 ‘ ‘ \_time ‘ ‘ dul:Collection ‘ : 1 | | _group fred:say_1 a pbrs:say-01 ;

pblr:say-01.sayer fred:person_1 ;
pblr:say-0l.utterance fred:time_1 .

mor:commitment a owl:ObjectProperty .

mor:evokes a owl:0hiectPranertv .

coerce:coercedType coerce:coercedType

pblrznew-01.new-object pblr:pass-05 getter pblr:pass-05 giver pblr:say-01 sayer

pblcpassﬂs.lhing-changingvmnd;zl fred:represent_1 |-| pbrs:pass-05 ‘ —| mor: TransferOfPower |

pbir:transfer-01 destination pblr:transfer-01 source pbir:transfer-01 .theme rdfs:label / pblr:represent-01.theme rdfs:subClassOf rdf:l)‘pe\\ @1 rdfs:subClassOf \‘xdrs:subcmsm owlequivalentClass rdfs:subClassOF pblr:pass-05. thing-changing-
fred:generation_1 l\ ’ pbrs:transfer-01 | morzevokes be newly created; recently come into being ] fred:person_1 | 1 pbrs:represent-01 pblr:represent-01 argl give dul:Event wd:Q1150070

Type

Generation } | . i H mor:Generat ’ |J mor-LeadershipTransition Biden | Q6279 ‘ | amr:Person ‘ dbpediazloe_Biden H fred-Torch |J morLeadership | <

——
rdfs:subClassOf rdl‘s.subClassOf) rdfs:subClassOf @f rdfs:suwlassomnivalemclus / rdfs:subClassOf \‘xdf:!ype lefs:subClassOf owl:equivalentClass

dul:Concept l‘/"[ wn:supersense-noun_artifact ‘ l h-noun-1 | | dul:PhysicalObject | | mor:P falueGain | | : | | wd:Q1128437 ‘

| mor:PoliticalPower ‘wn:synset-time-noun-4

quivalentClass rdfs:subClassOf

un-1 dul:Collection

owl:sameAs owl:sameAs

rdf:type

mor:MoralDue

wn:synset-responsibility-noun-1 I | Wd:Q10470 I | fred:Responsibility
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Knowledge Extension Pipeline 1/6
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Knowledge-augmented prompting ko)
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Event Potential S Extended K Graph
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Image g
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Description

TEXT SPRING AMR AMR2FRED FRED-LIKE KG
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Imagact

[r—
0 &3 =X v
Do _ Nl —
0 &3 =X 0 &3 X
u-u-m Q { D,
oman ui? o
wfole:Destination df:type .role:Agent s ;
fred:pallet_1 O
L @i ] & e = O
df:type quint:hasDeterminer adnt:hasDeterminer if:type owl:equivalentClass owl:equivalentClass dfs:subClassOf dfs:subClassOf qfs:subClassOf if:type OI
I‘ quant:the I [. fred:Truck |. wn30:synset-put-verb-1 | I. vn.data:Put_9010200 I |. fsdata:Causation I I. dul:Event I I. fsdata:Placing | I. owl:Thing CU o
— - A R d
wl-equi lass wi-equi lass dfs:subClassOf dfs:subClassOf dfs:subClassO! rdfs:subClassOf owl:equivalentClass awl:equivalentClass dfs:subClassOf L
{ [ T
I. ia:Pallet | I. : -pallet-noun-4 | I. dul:PhysicalObject |. wn30:supersense-noun_artifact r |. dbpedia: Truck | I. wn30:synset-truck-noun-1 | |. fsdata: Vehicle x C
/' / \ Framenet F t KG LLI GJ
DOLCE DBpedia WordNet (D E
VerbNet C
- —
—

http://wit.istc.cnr.it/stlab-tools/fred/
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Knowledge Extension Pipeline — 2/6 Clever Prompts:

1.Describe the overt, implicit and
symbolic content of the image. Do not
use full stops, Do not use "this image
depict"-like expressions, describe
directly the content of the image

2.Describe this photo in detail,
including gestures, participants,
public roles, situations, bodily
position, and general implied
meaning.

3. ...

Content

.A ul|||||l||||||||||l|||- ............................. >

T >

J Claude

A high-profile political figure raises his fist in defiance, surrounded by vigilant
R security personnel during a public rally, with a large American flag prominently
displayed in the background, emphasizing themes of patriotism and protection.

Natural Language
Description
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Text to AMR to FRED
- Y =

CE—
: == 00O (Y ) (X X
Test it! [9]
TEXT SPRING AMR AMR2FRED FRED-LIKE KG LLM EXTENDED KG

Given some text as input, this tool will parse it into an AMR (Abstract Meaning Representation)
graph, using SPRING. The AMR graph is then converted into an RDF/OWL knowledge graph that
follows FRED's knowledge representation patterns, using AMR2FRED. The KG can then be
extended with implicit contextual knowledge with the support of a Large Language Model (LLM).

A high-profile political figure raises his fist in defiance, surrounded by vigilant security personnel during a public
protection.

Settings

https://arco.istc.cnr.it/itaf/

4



https://arco.istc.cnr.it/itaf/

= FROM TEXT [V IIVITe

Image to Text to AMR to FRED
5 e 5 A

000 o0 o000

SPRING AMR AMRZFRED ~ FRED-LKEKG ~ LLM  EXTENDED KG
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Given an image, this tool will get a textual description from an LLM and parse it into an AMR
(Abstract Meaning Representation) graph, using SPRING. The AMR graph is then converted into an
RDF/OWL knowledge graph that follows FRED's knowledge representation patterns, using
AMR2FRED.

Knowledge Extension Pipeline — 3/6

A high-profile political figure raises his fist in defiance, surrounded by vigilant security
personnel during a public rally, with a large American flag prominently displayed in the
background, emphasizing themes of patriotism and protection.

(z0 / raise-01
:ARGO (z1 / figure
‘mod (z2 / politics)
:mod (z3 / profile = sottings

:ARG1-of (z4 / high-02)) e
Text to AMR to FRED :ARG1-of (25 / surround-01 [Fem]

:ARG2 (z6 / personnel Image to text

= :mod (z7 / security) This i the resutof ganerating  tenual desrption o your mage
'i‘ - 'L‘ :ARGO-of (28 / Vigilant-01 ))) \ Energetic political rally scene: central figure with raised fist and open mouth expressing passion,

00O 000 :ARGO-of (z9 / have-03 s e e e e
:ARG1 (z10/flag
:mod (z11 / large)
:mod (z12 / country
:wiki "United_States"
:name (z13 / name
:op1 "America"))

symbolizing patriotism and national pride, stark contrast between animated speaker and stoic guards in
dark suits and sunglasses, woman in foreground taking notes suggests documentation of event, overall
composition conveys power, authority, and fervent support, imagery evokes themes of leadership,

—

populism, and American political spectacle, visual elements combine to create sense of momentum and

TEXT SPRING AMR AMR2FRED FRED-LIKE KG
rally of modern

Text to AMR

Your text

. . PENMAN Graph
graph excerpt due to its size
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Knowledge Extension Pipeline — 4/6
FRED’s OWL graph

pblr:emphasize-01.emphasizer fred:raise_1 gr. aph excerj pt due to its size
pblr:raise-01 .logical-subject fred:raiseBy vn.role:Time
\
e,
fred:fist_1 pblr:raise-01.agent fred:defy_1 fred:surround_1 fred:high_1 fred:vigilant_1 fred:re
\
pblr:defy-01.defiant-one pblr:surround-01.thing-surrounding /@mound-m.thing-surrounded rdf:type pblr:vigilant—Ol.v\m rdf:type ; rc

—a
rdf:type fred:figure_2 pblr:high-02.thing-located-up-high pbrs:defy-01 fred:personnel_1 pbrs:surround-01 pbrs:high-02 pbrs:rally-01

rdf:type rdf:type AA:label /’df:type rdfs:label rdfs:subClassOf rdfs:subClassOf i
fred:PoliticsFigure fred:ProfileFigure to oppose, resist, or refuse fred:SecurityPersonnel be on all sides of, encompassing in the upper ranges (:
alentClass dul:associatedWith rdfs:subClassOf rdfs:subClassO% rdfs:subClassOf dul:associatedWith X dul:associatedWith rdfs:subClassOf
A | B < \b
j fred:Politics fred:Figure fred:Profile dul:PhysicalObject fred:Security fred:Personnel

rdfs:subClassOf { owl:equivalentClass rdfs:subClassOf Amalemcwss rdfs:subClassOf rdfs:subClassOf /dfs:subClassOf 1

wn30:supersense-noun_person wn30:synset-name-noun-4 dul:Person wn30:synset-security-noun-9 wn30:supersense-noun_act dO:Activity wn30:supersense-noun_group dul
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Knowledge Extension Pipeline — 5/6

Formal knowledge extraction ——

> LLM >

Knowledge-augmented prompting

Task:

Your goal is to extend KG with more knowledge that can be assumed from T, but it is
not explicit.

Using the elements of KG, and PropBank and WordNet elements as linking points,
add any further elements you need to extract implicit knowledge about:
Conversational implicatures.

Conversational implicatures, in the sense of Grice's pragmatics.
Here are natural language inference examples:
1) She won't necessarily get the job -> She will possibly get the job

Knowledge-Augmented Generation

Formal knowledge extension

(KAG)

You receive a text

wp

and a frame-base knowle
graph

KG"

that is the extraction of factual
knowledge from T.

T:

{ Text }}

KG:
{KGH

Your goal is to extend KG with
more knowledge that can be
assumed from T, but it is not
explicit.

conversational implicatures.prompt
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Knowledge Extension Pipeline — 6/6

e

Knowledge-augmented prompting

Presuppositions
Moral
Values
Conversational
Implicatures ~ = """ """ """~
Symbolic
Content
Factual
Impacts
Event
Sequences
Image
Schemas
Causal
Relations
Metonymic
Coercion

Implied Future
Events

Potential
Non-Events

Grounded World Models
(multilayer, passive, agtive)

Knowledge-Augmented Generation

Formal knowledge extension

(KAG)

You receive a text

wp

and a frame-base knowle
graph

KG"

that is the extraction of factual
knowledge from T.

T

{{. Text }}

KG:
{KGH

Your goal is to extend KG with
more knowledge that can be
assumed from T, but it is not
explicit.

conversational implicatures.prompt
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pblr:divide-02

pblr:show-01.shower

pbrs:legislate-01

pblr:legislate-01 law-giving-body

caus:triggeringCauseFor

fred:body_1

01 r fred:divide_1
B — phirdive impact:hasExpectedEmotion impact:hasExpectedMentalState rdfs:label 1¢
——=f \ 4
fred:show_L s:triggerii islate_1 ‘ /J fred:open_L U pbrs:divide-02 fred:govern_
fred:Body impact:Hostility impact:Division control via law fred:H
y pblr:show-01 thing-scen rdfslabel wd f
owl:equivalentClass rdfs:subClassOf owl:equivalentClass rdfs:subClassOf owl:equivalentClass owl:equivalentClass
‘ fred:hostility_1 r‘ pbrs:legislate-01 pblr:govern-01.governor pbrs:lead-02 pbrs:open-04 ——
i _A[ “A‘n_,,mamm ..r..nset-body-noun-2 ‘ ’ dul:Collection ‘ ’ wn30:synset-hostility-noun-1 ‘ ’ wn30:synset-division-noun-1 ‘ ‘ wn30:synset-hostility-noun-3 ‘ ’ wn30:supe

J fred:hostility_2

caus:truthDependingOn

boxing:hasTruthValue

fred:censure_2

pblr:cause-01 forcer

boxing:hasTruthValue boxing:hasTruthValue

pblr:cause-01.impelled-action boxing:hasTruthValue pblr:censure-01.censurer caus:truthDependir

fred:censure_1 rdf:type ‘ fred:international _1 |

dul:hasQuality rdf:type vn.role:Location
A\ 4
pbrs:censure-01 pblr:divide-02.separated-entity fred:International rdf:type fred:country-region_1 }\
pblr:address-03.addressee rdfs:label owl:equivalentClass rdf:type schema:namx(
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fred:raise_1 a pbrs:raise-01 ;

i . fred:fist_1 coerce:coercedType 0
pblr:raise-01.agent fred:figure_2 ; . o
. i . . mor:Resistance, mor:Strength . m
pblr:raise-01.logical-subject fred:fist_1 . -
(@)
fred:flag_1 coerce:coercedType P~
fred:surround_1 a pbrs:surround-01 ; . . - o
. mor:Nationalldentity, mor:Patriotism . p
pblr:surround-01.thing-surrounded fred:personnel_1 ;
pblr:surround-01.thing-surrounding fred:figure_2 . The fist is a symbol of Resistance and strength.
. . . . i i | identi n riotism.
The figure has a raised fist. The personnel surrounds the figure. The flag is a symbol of national identity and patriotis
- fred:figure_2 impact:hasExpectedEmotion impact:Defiance ;
O impact:hasExpectedSociallmpact impact:IncreasedPublicSupport .
E Formal knowledge
= fred:personnel_1 impact:hasExpectedEmotion impact:Tension ; extension
impact:hasExpectedMentalState impact:Alertness .
The figure has expected social impact an increased public support.
The personnel has expected mental state alertness.
fred:support_1 a owl:ObjectProperty, g E
) fred:assert_1 a pbrs:assert-02 ; pbrs:support-01 ; . E El
I'IDJ mor:evokes mor:PowerDemonstration ; pblr:support-01.supported fred.f|gu.re_2 ; C7|J I':PI
&I pbir:assert-02.agent fred:figure_2 ; pblr:support-01.supporter fred:audience_1 .
> pblr:assert-02.topic fred:power_1 . We can expect a raise in the support from the audience.

The figure assertion is a demonstration of power.

JITOLIINAS

a3iidni
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Evaluation methods and downstream tasks

« A new benchmark: experts create sample extensions, manually based on
the heuristics, and we automatically estimate the distance between human
and Al using a large KG embedding space and measuring the similarity
between the basic KG and XKG

Mean Ratings and Standard Deviations per Heuristic

- Silver standard for precision@k of generated and inferred triples: experts
review the extended triples for correctness, relevance, and meaningfulness

for each heuristics

 Stability and Reproducibility: replicating the XKG extensions for the
different heuristics to establish how deterministic a LLM functionality is, anc Figure 6: Mean Ratings and Standard Deviation per Heuristics.
the difference between multiple LLMs 0

Extended K Graph
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Evaluation methods and downstream tasks

« Semantic similarity: using an independent LM, measure the similarity
between the original text and a text generated back from XKG: high distance
- improper extension; low distance - minimal extension 0

» Logical validity: OWL reasoners check the consistency/coherence of the
extended KG 0

* Foundational ontology-grounded validity: deeper reasoning via full
alignment of predicates to foundational ontologies like DOLCE Zero (as made

for DBpedia in [7]) 0

+ Downstream tasks: deeper question answering (e.g., FigurativeQA), Extended K Graph
nuanced content recommendation, exploratory search, automated hate
speech detection, fact checking, legal document analysis, medical diagnosis
support, risk assessment, VR interaction, synchronic and diachronic analysis
of domain knowledge [8], etc.
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Critical issues

» Shared GWM KGs like Wikidata are difficult for LLM-based alignment (opaque ID):
more traditional approaches work (e.g., BLINK for the base KG of iTAF)

» Active GWMs need to be adapted to produce a KG output associated with shared
and local KGs: ongoing work for spatial and causal GWM and Bayesian networks

« KAG requires a good amount of data, and prompts are heavy (and eventually costly
under intense usage): moving to fine-tuning open source models is a natural move to
reduce data at prompting time

» KAG with our heuristics runs well with Claude’s Sonnet 3.5, but other large models
(incl. GPT40) do not: moving to open source, mixture of experts, and small model
stitching in the medium term

« Eventually, Agentic MLLMs might get the full-monty, and KAG gets a built-in feature
that helps making them robust, flexible, interpretable, and sustainable
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:AttackVictim , :PoliticalFigure

:AttackContext ,
:AmericanFlag :symbolOf :Patriotism .

Cf. WP10.3 on EASG, e.g. within

:VictimDefender , :SecretServiceAgent industrial cascade call

:RaisedFist :symbolOf :Triumph .
:RaisedFist :partOf :PoliticalFigure .

photo by Evan Vucci/The Associated Press

» Native hybrid, frame-based reasoning can be provided by novel neuro-symbolic reasoners such
as Sandra [9]

» Open-ended knowledge extensions, e.g., norms, trust (WP8), affordances, etc.

» Further extensions for dynamic in-context representation, anticipation and inference can be
assisted by dedicated active GWMs [2][10]
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Foundational issue: Hybridising GWMs

» Generative Als are signal processing machines:
input from any modality is used to learn activation /

e —— 25
patterns, and at inference time they output ( Feature H H H I] \
Raw Data | ML Model

symbols that we may interpret as world-referring g |

* Knowledge-based Als are logical machines: ' Features.
they extract/design symbolic representation
patterns of the world, with a model-theoretical

interpretation to ensure correct inference

» Afeedback loop for multimodal, multilayered Sehoma H H H H " o
Grounded World Models (GWM) me Extraction J)

. . . . Sch
« GWM are multi-varied: physical, neurocognitive, enema
social, cultural, ...
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Foundational issue: a good KG for starting, then sensible patterns

« LLMs are not (yet) good at extracting the qualitative knowledge
we need, but are sensible to local, circumstantial patterns

« Automated machine reading extracts the basic KG expressed
by NL and grounds it on public knowledge

» KG are firstly extracted neuro-symbolically, then they are
fed to a LLM jointly with adequate prompting for in-context
learning

« Starting from a qualitative KG, ICL extends it (XKG) with Extended K Graph
contextual knowledge and GWMs, using heuristic pragmatic
patterns (presuppositions, implicatures, impact, coercion, etc.)
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Thanks for your attention




