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Overview

e Maarten

o Incremental Query Aggregators in SOLID
e Kushagra

o Aggregating Sensitive Health Data streams in SOLID
e Mathijs

o Towards a Unifying Logic for Linked Data Streams
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Why SOLID?

data stored by service providers

loss of
control

single use
API’s
outdated &
data hoarding incomplete

duplicated
efforts
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data stored in a personal data pod
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all relevant
data available
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The SOLID pod

e Data vault

Knowledge graph

_DP: Fragmented => Files
Add semantics to data
RDF
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RDF
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Problem with decentralized ecosystems

SELECT ?name ?cityLocation FROM {
?me :knows ?friend .
?friend :name ?name .
?friend :livesln ?city .
?city :hasLocation ?cityLocation .

b4
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Problem with decentralized ecosystems

A A A A

SELECT ?name ?cityLocation FROM {
?me :knows ?friend .

?friend :name ?name . T

?friend :livesln ?city .
?city :hasLocation ?cityLocation .
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Problem with decentralized ecosystems

z
XXX
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SELECT ?name ?cityLocation FROM {
?me :knows ?friend .
?friend :name ?name .
?friend :livesln ?city .
?city :hasLocation ?cityLocation .
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Problem with decentralized ecosystems

z
XX
T

e

link traversal [ >slow

SELECT ?name ?cityLocation FROM {
?me :knows ?friend .
?friend :name ?name .
?friend :livesln ?city .
?city :hasLocation ?cityLocation .
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Why query aggregators?

z
XXX

Static queries
Continuous query evaluation
Materialized view O

!
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Query aggregators: Current state

F
'ﬁ. Q
4»{ Triples (no updates)

Query Query reevaluated
Aggregator In memory
l 4»{ Query results (JSON)

Agent
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Query aggregators: Future work

@

Incremental query evaluation (additions/deletions)
Schema alignment (reasoning)
Caching intermediate results (save query state to disk)

Query /
Aggregator
T - f Universal ontology for result/updates
¢ “\_ Description of data
Agent
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Conclusion

e Decentralized ecosystems ) >slow to query
e Query aggregators
o Incremental query evaluation
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Solid is amazing for personal data, but what about streams?
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Wearables with SOLID : A use-case

Wearables produce sensitive data
streams.

Pod 1

Makes sense to store them with
SOLID.

Pod 2
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To complete the circle to accomplish this,
We will need both parts of the circle.
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Find a way to store streams in SOLID
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Find a way to process streams in SOLID



Storing Streams in Solid.
Linked Data Event Streams (LDES)

A stream with events

-
-
L
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An append only collection of immutable objects.
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A view on the stream
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Fragments
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The stream can be fragmented
and stored based on event time.



Storing Streams in Solid.

Solid is currently file based.
Solid uses LDES with LDP (Linked Data Platform)

A stream with events
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Aggregating Streams with SOLID.
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Let's explain this image!
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views over a single pod

views over multiple pods
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Local Aggregations

GHENT
UNIVERSITY

S

l

Aggregator
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‘EventStream tree:member :0bsX

:0bsX dct:isVersionOf saref:Measurement;
saref:-hasTimestamp time;
saref:hasValue "0.456";
saref:measurementMadeBYy :Wearablel
saref:relatesToProperty :accelerationX .

Aggregator

:EventStream tree:member :aggX
:aggX :isA :Aggregation;

:position :Standing;
:fromPod PodX .
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Handling the Stream.

streams from a pod
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accy

accy

accyz

Roxi RSP Engine

windowSize

N

abox
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1 minute window
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Query

Rules

results from possible
queries

>

2 accY

3 accX

2 accZ

)

\_/
n Standing

Human Activity Recognition

COUNT query

averageyY

averageX

average Z

AVERAGE Query

https://github.com/pbonte/roxi



Multipod Aggregators 9 9 9
l l |

Aggregator Aggregator Aggregator

Q |\

Aggregator »
:EventStream tree:Member :AggyY :Event§tream tree:Mc.ember ‘AggX
:AggY :isA :Aggregation; ‘AggX :IsA :Aggregation; |
‘position :Sleeping; ‘position :Standing; ﬁ
:fromPod :Pod2 -fromPod :Pod1.
‘EventStream tree:Member :AggZ App

:AggZ :isA :Aggregation;
‘position :Sleeping;
:fromPod :Pod3

stores events

\ 4

Aggregator

Query : How many people are sleeping?
N
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Future Steps

My research will focus on,

Other challenges our lab is focussing,
- an efficient optimal aggregator. - synchronization of the pods.
- scalability. - specifying policies for aggregators.

- dealing with contradicting data.
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OUR CONTEXT

Decentralized Stream Reasoning
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Stream Reasoning Decentralized Reasoning

Temporalvm SOLID Pods

Reasoning

= What logical framework can accommodate these complex needs?



OUR CONTEXT

Decentralized Stream Reasoning

PN

Stream Reasoning Decentralized Reasoning

Temporalvm SOLID Pods

Reasoning

= What logical framework can accommodate these complex needs?
*RDF has no negation, so preferably a framework without negation



WHY ONE LOGIC FRAMEWORK FOR ALL ?

Interoperability!

Querying

J=\

Ontologies

L

Reasoning




WHY ONE LOGIC FRAMEWORK FOR ALL ?

m Different Pods

Interoperability!

=> Different Ontologies

Querying
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WHY ONE LOGIC FRAMEWORK FOR ALL ?

Interoperability!

m Different Pods = Different Ontologies
m Different Agents = Different Querying & Reasoning

Querying

Logic

Ontologies

L

Reasoning




WHY ONE LOGIC FRAMEWORK FOR ALL ?

Interoperability!

m Different Pods = Different Ontologies
m Different Agents = Different Querying & Reasoning

m Logic to mediate between different
languages/assumptions/. ..

Querying

Logic

Ontologies

L

Reasoning




EXPRESSING TIME IN LOGIC
SOME SEMANTICS



EXPRESSING TIME IN LOGIC
SOME SEMANTICS

Point-based

"My ALARM goes of until | hit SNOOZE"

t SNOOZE
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EXPRESSING TIME IN LOGIC
SOME SEMANTICS

Point-based Interval-based

"My alarm stays ACTIVE until | hit STOP after it
starts ringing again”

"My ALARM goes of until | hit SNOOZE"

t SNOOZE t STOP

A i T T J' T

ALARM ACTIVE

\J

\J

ALARM until SNOOZE ACTIVE untilfs ¢ STOP



EXPRESSING TIME IN LOGIC
SOME SEMANTICS

Point-based

"My ALARM goes of until | hit SNOOZE"

t SNOOZE

A g

\J

~
ALARM

ALARM until SNOOZE

Interval-based

"My alarm stays ACTIVE until | hit STOP after it
starts ringing again”

t STOP
—t————e0—0o oo |+ ——>
- ~— g
ACTIVE

ACTIVE untiljs g STOP



TEMPORAL OPERATORS IN TEMPORAL REASONING
POINTWISE SEMANTICS

since and until operators S, U

&Y =TUY J

‘once’ operators &, ¢

By = (¢ () J

‘always’ operators H, H



TEMPORAL OPERATORS IN TEMPORAL REASONING
POINTWISE SEMANTICS

since and until operators S, U
&Y =TUY J
‘once’ operators &, ¢ Hy =oU L
By = (¢ (-¢)) J

‘always’ operators H, H



TEMPORAL OPERATORS IN TEMPORAL REASONING
INTERVAL-BASED SEMANTICS

since and until operators S;, U,

S = TUpp J

‘once’ operators &, ¢,

By = (& (1)) J

‘always’ operators B, H,



TEMPORAL OPERATORS IN TEMPORAL REASONING
INTERVAL-BASED SEMANTICS

since and until operators S, U,

$,1/} = Tullb J

‘once’ operators &, ¢,

\
\

By = ﬁ( & (ﬁd})) J \I' By E$[i1,i1] (1/12/[[,'2_,'1,,’2_,‘1]T>
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‘always’ operators B, H,



FUTURE LEADS AND AMBITIONS

m Build logic framework for SR without negation
m Decentralized Reasoning

m Combine Stream and Decentralized Reasoning frameworks
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