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Infrastructure: RDF-based space with pub/sub
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m Semantic information P KR
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processors (KPs)
running on various devices

m Smart space access b3
protocol (SSAP) Music
for SIB<+KP communication;
it supports subscription to RDF triples
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m Smart-M3: Multidomain, Multidevice, Multivendor
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KP development tools

Low-level (RDF triple) High-level (OWL object & properties)

Whiteboard, Whiteboard-Qt Smart-M3 ontology to C-API generator
C/Glib, C/Dbus, C++/Qt (Smart-M3) C/Glib, C/Dbus (Smart-M3)

Smart-M3 Java KPI library Smart-M3 ontology to Python generator
Java (University of Bologna and VTT)  Python (Smart-M3)

M3-Python KPI (m3_kp) SmartSlog
Python (Smart-M3 distribution) ANSI C, C# (Petrozavodsk State University)

C# KPI library
C# (University of Bologna)
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SmartSlog SDK

m Library generator for
Smart Space ontology

m Mapping OWL to code (C, C#):

» KP uses ontology library \ /
» ontology abstractions in API ’
» modest code \

» low-level KPI is hided (KPI_low) sl

m High-level communication primitives

» knowledge patterns
» subscription

KP programmer can think in abstract ontology terms!

KP
user co
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Smarts

ontology lib

log

Smart Space
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Subscription types

] Type | Description |
Low-level (basic subscription of SSAP)
| 1 | Triple-based subscription | Select triples to subscribe by a triple-pattern |
High-level ( or planned in SmartSlog)

Property-based  subscrip- | Select some data properties of some individuals
tion: data properties to a container
Property-based  subscrip- | Select some properties that link some individu-
tion: object properties als and put them into a container

Property-based  subscrip- | Mixture of 2.1 and 2.2. A container is a set of
tion: data, object properties | some properties; they are treated independent
3 Data property value is sub- | Constrain a data property to detect specific
ject to constraints (cf. 2.1) changes (equality, range, threshold, etc.)

4 Subscription to a class Select classes to detect appearance of their in-
dividuals in the smart space

T

Note: Subscribed elements are treated independently
within either a triple set or container

Leskarelia.ruT
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Basic subscription operation of SSAP
m Triple-pattern is a triple with masks (any value)
m Triple-pattern selects a set of triples for subscription

m Triple-pattern maps to a list of actual triples in the smart space

Triple-patterns Triple store

GG D—— | 1

|
i

Bob

o n
= =
w %}

Ea w
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N

a, b, ¢, d are triple-patterns, 1,2, 3, 4 are actual triples \k‘]
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Triple-based subscription process

SIB Other KPs

KP

Subscribed triples

Entityl - hasMoney - *
Entity2 - * - *

Entityl - hasMoney - "10"
Entityl - hasName - "Alice"
Entity2 - hasMame - "Bob"
Entity2 - hasCar - "Kopeika"
Entity3 - hasName - "X"

New values: Entityl - hasMoney - "10"
Entity2 - hasName - "Bob"
Entity2 - hasCar - "Kopeika"

Ertityl - hasMoney - "20" {Update)

KP R —

Old values: Entityl - hasMoney - "10"
New values: Entityl - hasMoney - "20"

J_-

One request
includes several
eperations

Entity3 - hasName - 'newX" (Update)

Entityl—hastoney—126'— (Remove)

Entity2 - hasMoney - "40"  (jnsert)
Entity2 - hasCar - "BMW" (Update}

-]

old values: Entityl - hasMoney - "20"
Entity2 - hasCar - "Kopeika"

New value: Entity2 - hasMonsy - "40"
Entity2 - hasCar - "BMW"

.. |

Subscription Operation in
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Property-based subscription

Ontological representation of an individual

m rdf:itype is a triple to represent an individual
m it links individual’s ID with its class

m given individual’s ID, properties of the individual are accessible

Tndividual Individgal‘s Class Propertles
identifier Object properties link
individuals to individuals.
rd i

- Datatype properties link
individuals to data walues.

‘ 1: rdf:type

id1 - hasName - "Pavel"
idz - rdfitype - women

id1 - hasFriend - id2 )
id2 - hasName - "Diana"

id1 - hasCar - id3

d3 - rdfitype - Car
d3 - brand - "Aud®"

A

Y

d3 - color - "red" es karelia.raT

d3 - maxSpeed - "300"

Individual = RDF subgraph
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Property-based subscription process

KP

uuidl -
uuidl -
uuidl -
uuidl -

rdfitype - http:ins.org#Car
brand - "Audi*

color - 'red"

maxSpeed - "300"

Y

Car

+brand = Audi
+color = red

Updating|

uuidl -

Subscribed uuidl -
properties triples wuidl -
color — - uuidl - color - * uuidl -
rmaxSpeed =3 uuidl - uuidz -
maxSpeed - * uuidz -

uuid2 -

SIB

rdfitype - http:fjns.org#Car
brand - "Audi*

color - "red"

maxSpeed - "300"

rdfitype - http:fjns.org#Car
brand - "Lada"

color - "Green"

an indivdual

+maxSpeed = 300
+.. .

Car
+brand = Audi

an indivdual

Other KPs

an indivduall

Updati
+color = green paating
+maxspead = 300)

...
Car
“brand = Audi | UPdating
+color = black|
...

New values
color <= uuidl - color - "red"
maxSpeed <= uuidl - maxSpeed - "300"
uuidl - color - "green" (Update) QJ—
old values
color <= uuidl - color - "red"
one request
New values includes several
color <= uuidl - color - "green" operations
uuidl - color - "black® (Update)
uuidz - color - "blue" (Update)
(Remove)
old values:
colar <= uuidl - color - "green"
maxSpeed <= uuidl - maxSpeed - "300"
New values:
color <= uuidl - color - "black"

FRUCT 10th 11.11.2011
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Property-based subscription

Content inconsistency in smart space

m KP B subscribes to Smart Space
some triples
id2 - rdfitype - woman

id2 - name - "Anna"

m ... KP A publishes
an incorrect triple

id3 - rdfitype - man
id3 - name - "lvan"

id1 - rdfitype - man

id1 - name - "Sergey"
id1 - hasFriend - id2 3
id1 - hasFriend - id3

id1 - hasFriend - id149

Added new triples

id149 - rdfitype - car
id149 - brand - "Swyatogor" 5

wWreng object:
a car can not be a friend

High-level subscription can handle this inconsistency

Subscription Operation in Smart-M3

Aleksandr Lomov

Wwho is "id3" and "id2"

KP B
1

Subscibed to:
"1dl - hasFriend - *'

"

lia.ru]
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SmartSlog subscriber architecture

m Correspondence between

individuals and their properties (1)

m Subscription
to container
(2,3)

m Handling
subscription
(4-a or 4-b)

Local store

1

Smart Space
A A
3
Subscriber]
2 ———1 4bh —
| Subscription Asyne worker
5
_l——bEnsubscmpti \]

Contained] w

Developer

m Unsubscription from container (5)

N | il Update
»| Sync worker container

Async List Sync List
+containerl +containerl
+container2 +container2
+.. . e

Aleksandr Lomov
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Synchronous subscription

Subscription blocks the current thread, and KP waits for updated data

Smart Space changed

Subscribed data ar%

[

Unsubscription

_ Subscription

" session ends

/_——-—-—-"""——-—_ y
N A A
Subscription
and first — ff L
synchronization >
L ¥
[ xr ] [k | [xe] [k ] [ ke |
Subscription l_ ! I
session starts I' Al ' A2 l A3 |
two no waiting

notifications | netifications |

Aleksandr Lomov Subscription Operation in Smart-M3
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Property-based subscription

Asynchronous subscription

Additional thread updates data in background

Smart Space

Subscribed data ara

changed
‘{ Unsubscription
L A

Subscription
and first [
synchronization »
Y l A A A ”

1 2 13 |4 o 10 |11

| KP | LR 4 E:KP

Asynchronous subscription thread

Subscription 4 Subscription
saession starts -

session ends

A

N
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Conclusion

Conclusion
m Two main types of the subscription

» Low-level (triple-based)
» High-level (ontology-based on object and data properties)

m Future directions
» Subscription based on classes
» Supporting constrains to subscribed value

m SmartSlog developers wiki:
http://oss.fruct.org/wiki/SmartSlog/

m Open source code:
http://sourceforge.net/projects/smartslog/

"

es karelia.raT

Thank you! N
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