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People react to new technology in three different
stages:

1. “It's crazy and don’t waste my time”
2. “It's possible, but not worth pursuing”
3. “I've always said it was a good idea”

— Arthur C. Clarke
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"EcTecTBeHa” apxurtekTypa

[TouTK BCEKU ce YyBCTBa MUPHO KU CNOKOWHO cpen npupoaara:
CrnyLwanKkn OKeaHCKUTE BbIHWU Ha bpera, Kpan CNOKOMHO e3epo,
Ha noJie 3acTnaHo C TPeBa, ycellankm NnoBes Ha BATbLPA B
paBHMHaTa. EOWH geH, korato HMe Hay4YMm OTHOBO
b6e3BpeMeHHUA Ha4vnH (timeless way) OTHOBO, HME LLe Mame
CbLLOTO yCellaHe 3a HaluuTe rpagoBe U1 Lie ce YyBCTBaMe B TAX
Taka MUPHO, KAKTO OHEC pa3xoXaaunknm ce Kpan okeaHa unwu
N3NbBauKM Ce Ha AbJirata TpeBa Ha nongdHara.

[Christopher Alexander, The Timeless Way of Building (1979)]
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CbabpxaHune

1. Internet of things (loT) un actor model

2. VIHTeNUreHTHn areHTn — xapakTepucTuku u
NPUNoXeHNs

3. MHOro-areHTHU apXUTEeKTYpU
4. lNpencraBsHe Ha 3HAHUATA NPU UHTENUTEHTHU areHTu
5. Subsumption Architecture [Brooks, 1986]
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Question

Kown oT Bac e vyBan, 4e Internet of
things (loT) e cnepealiarta ronama
TEXHONOINM4YHa PeBOSIOLNS
CpaBHMMaA NO edEKT C nogdBaTa Ha
NHTepHeT?
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iﬁ‘ The Internek
of THINGS

Source: http://commons.wikimedia.org/wiki/File:Internet_of things_signed_by the author.jpg, .
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Internet of Things (loT)

Today computers—and, therefore, the Internet—are almost wholly
dependent on human beings for information. Nearly all of the roughly
50 petabytes (a petabyte is 1,024 terabytes) of data available on the
Internet were first captured and created by human beings—Dby typing,
pressing a record button, taking a digital picture, or scanning a bar
code. ... The problem is, people have limited time, attention and
accuracy—all of which means they are not very good at capturing data
about things in the real world. ... We're physical, and so is our
environment ... If we had computers that knew everything there was to
know about things ... we would be able to track and count everything,
and greatly reduce waste, loss and cost. We would know when things
needed replacing, repairing or recalling, and whether they were fresh
or past their best. The Internet of Things has the potential to change
the world, just as the Internet did. Maybe even more so.

— Kevin Ashton, 'That 'Internet of Things' Thing', RFID Journal,
July 22, 2009
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Internet of Things (loT) — nepcnekTnen

e According to Gartner, there will be nearly 26 billion devices on the
Internet of Things by 2020.

[Gartner, 2013-12-12, http://www.gartner.com/newsroom/id/263607 3]

e According to ABI Research, more than 30 billion devices will be

wirelessly connected to the Internet of Things by 2020 (Internet of
Everything)

[ABI| Research, https://www.abiresearch.com/press/more-than-30-
billion-devices-will-wirelessly-conne]

e |t's expected to be a 19 Trillion USD market

[John Chambers, Cisco CEO, http://www.bloomberg.com/news/2014-
01-08/cisco-ceo-pegs-internet-of-things-as-19-trillion-market.htmil]
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Internet of Things (loT) — apxutekTypH#u
N3NCKBAHUA

"Basket of remotes" problem — we'll have hundreds of applications
to interface with hundreds of devices that don't share protocols for
speaking with one another

[Jean-Louis Gasseée, Apple initial alumni team, and BeOS co-founder,
http://www.mondaynote.com/2014/01/12/internet-of-things-the-basket-of-
remotes-problem/]

e |oT ycTponcrearta TpssbBa ga 6baaT JIECHO AOCTbIMHU 33
cBOUTE NOoTPeEBUTENN N TEXHUTE areHTn

e |oT apxutekTypute TpsabBa ga ObaaT KOHKYPEHTHM
pasnpeneneHun, yCTOM4YMBN Ha MPELLKU, BUCOKO-
NPOU3BOAUTENHN, €NAaCTUYHN N JeLeHTpanu3npanu,
AOVHaAMUYHO paslmnpsaemMn n esosironpaLin
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[Togxoa Ha MHTENUIEeHTHUTE areHTu nNpu
MoJennpaHe Ha 3HaHUSA N1 CUCTEMMU

e VHTenureHTHUTe areHTn (MA) ca copTyepHu/xapayepHu
CUCTEMU, KOUTO NpUTEXaBaT cBOUCTBATa:

e ABTOHOMHOCT

e CrnocobHOCT 3a pearvpaHe (peakTMBHOCT)

e [1poaKTMBHOCT

¢ CouunanHa cnocobHocT (komyHukaums, ACL)
e PauunoHanHocT

e AnantuBHocT (Camooby4yeHmne)

e MobwunHocT

e /A Bb3npuemar cpeaarta c NoMoLLTa Ha CEH30PU U 1
Bb3ENCTBAT C NomMoLlTa Ha edoekTopu
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NedrHnumm 3a MHTENUIEHTHN areHTu

e IHTEeNnUreHTHUTE TEXHOMOMMN B HaLLUUS XUBOT — BU3USA 3a
oboeweTo

e [ledpuHnunn:
e |ntelligent Agent = Agent + Intelligence
e AIMA agent (Russel & Norvig, 1995)
Maes agent (Maes, 1995)
Hayes-Roth agent (Hayes-Roth, 1995)
SodaBot areHTH
Foner areHTH
Wooldridge n Jennings areHTu
e Franklin n Graesser areHTu
e GOopmanunsauuna Ha Luck un d’'Inverno Ha NnoHATUATA CBbP3aHun C
areHTuTe

®» ® ® @ @
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[Tpnumep: Learning Support Agents [lliev, ICL2003]

LearningObject -

\ 1 :
+getMetadata() Object Environment
+setMetadata()
+getResources() > addObIeat)

setResources() presen O +removeObject()
+getStructure() +hide() .
+getObjects()

+setStructure() ZF
+getScenario() VAN
+setScenario() Agent

LearningSupportAgent [ :g:;':;‘igﬁgrt](()) LearningEnvironment

+getMessage()

#adaptStructure() +sendMessage()

#adaptResources() #addGoal()
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AutonomousAgent
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[> #addMotivation()
#removeMotivation()
#generateGoal()
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E-ACADEMIA Agent Architecture [lliev, ICL2003]
View . Controller . Model

Applicat‘ion Specific Layer (Interface Agénts)

;:tt:::z: — Instructor Agent / Learning Materials Book |

intorac || _Guide / Active Schedule _ |

interact | | ~Examinator / Test Book _ |

User interact| | Fello:w Learner / Notes and Ad\:lices |

g \§| Web Surfer / Web Resources |
Application General Layer (Information Processing Agents)

s, e | Learning Goals Agent: (Ontology-Based) |

fe, o, | Learning Concepts Agent (Ontology-Based) |

. Le N | Learning Content A. (Ontology-Based-LOM) |

Learner Staﬁ%gej Learner Modeling Agent (Ontology-Based) |

07‘905?| Pedagoglcal Strategies Agent (Ontology-Based) |

%] Testing Agent (Ontology-Based - (MS QTi) |

|

| Web Searching Agent (Ontology-Based)

Middleware Layer (Services)

Agent Management Service

| Internet Access Service

| E-Mail Service

| Interactive Discussion (Chét, Discussion Board)

Instructor l
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XapaKTepl/lCTl/lKl/l Ha MHTEJTUTEHTHUNTE al€HTU

e ABTOHOMHOCT

e CnocoOHOCT 3a pearnpaHe (peakTUMBHOCT)

e [lpoakTnBHOCT

e CouwnanHa cnocobHocT (komyHukauuns, ACL)
e PaunoHanHocT

e [lobpoxxenaTenHocT U YECTHOCT

e BpemeBa npoabimKUTENTHOCT

e ApganTtmBHocT (Camooby4eHune)

e JINYHOCT U aHTPOMNO-MOPPU3IBLM

e MobunHocT
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ABTOHOMHOCT HA UHTENUIEHTHUTE areHTun

e “ABTOHOMHOCTTA € TPYAHO 3a NpeuunsHo geduHnpaHe
NOHATUE N HUE TO pasrrnexagamMme B CMUCHIT, Ye cucTtemMmara
TpsAbBa Aa MoXe Aa aencrea 6e3 AupeKkTHa NHTEPBEHLUA
OT CTpaHa Ha xopa (Mnu apyrn areHTn) n 4e T4 TpsAbBa aa
npuTeXaBa KOHTPOJS1 BbPXy CBOUTE CODCTBEHN OENUCTBUSA U
BbTPELLUHO CbCTOSHME"

[Jennings, Sycara n Wooldridge]

e "EpHa cuctema e aBTOHOMHA B CTENEHTa, B KOATO HEUHOTO
nosegeHne ce onpenend ot HemHUs cobCcTBeH onuT”

[Russell u Norvig, AIMA]
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ABTOHOMHOCT HA UHTENMUIeHTHUTE areHTn 2

e Luck un d’'Inverno — aBe Bb3MOXXHU rMeaHN TOYKN KbM
aBTOHOMHOCTTA:

e CUIHa rnegHa Tovka KbM aBTOHOMHOCTTA —
“pasrnexgaHa kato abcontoTHa 6e3 namepeHus nnu
MApPKa 3a CTEMneH’;

e cnaba rrnegHa To4ka KbM aBTOHOMHOCTTA —
NPaKTUYECKN OPUEHTUPAHA, ‘TIPU KOSTO aBTOHOMHOCTTA
ce cyuTa 3a CMHOHMM Ha HE3aBUCUMOCTTA, €HO ABHO
OTHOCUTESTHO MOHATHE”.
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BuooBe areHTu

e CobTpyaHudewm cu (Collaborative)
e [HTepdencHu (Interface)

e HdopmaunoHHu (Information)

e Pearupawm (Reactive)

e MobwunHu (Mobile)

e XubpunaHu (Hybrid)

e XeTeporeHHu (Heterogeneous)

e TunoBse NpUNOXeHUs
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BasoBa apxuTekTypa Ha UHTENUIEHTEH areHT

Enviromment

HENSOFS

qqqqq

'FEr/ceﬁu_:s-/

Middle layer

e ?rv /
EffEEtDrS - jcilfl/r_]f_,f//f
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OcHoBHU napagurmm npn MAC n UM poboTumkaTta

e WepapxmyHa napagurma — nnaHvpaHe, CMBOHO
npecTtaBsiHe Ha 3HaHUATa 1 rnobaneH Moaen Ha cBeTa.

Tpu cnos: Sensing, Planning, Acting [Murphy].

e PeaktnBHa napagurma — “intelligent behavior emerges
from the interaction of various simpler behaviors”
[Wooldridge]: Subsumption Architecture [Brooks].

e XunopugHa Deliberative/Reactive napagurma — cnHTes Ha
npegnwiHnTe gsa noaxoaa: INTERRAP [Muler].
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CTtaHgapTu npu ynpasrieHWETO Ha 3HaHUA.
OHTOMornw.

e CemaHTn4yHa mpexa - W3C Resources Description
Framework (RDF)

e OHTOonornm — W3C Web Ontology Language (OWL):
e KoHuentyanusauus
e PeyHuk
e AKcnomaTum3auus
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OcHoBHU napagurmm B M poboTunkaTta

e WepapxuyHa napagurma — nogxog Ha nnaHvpade [STRIPS,
http://en.wikipedia.org/wiki/STRIPS]

e PeakTtmBHa napaaurma [Brooks, Subsusmtion Architecture]

e XnbpugHa napaaurma [INTERRAPI:
e PearmpaHe

e [1naHnpaHe
e CounarnHa KOMyHuKaumsa 1 B3anMogencreme
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Subsumption Architecture [Brooks, 1986 &1991]

e Rodney A. Brooks, MIT Al Lab — ctatuga "Elephants Don't Play
Chess", 1986

e BUXEBUOPMCTKM NOAXO KbM peanun3aumnsita Ha N3KycTBeH
nHtenekT — Behavior-Based Robotics (BBR).

e BBR poboTtuTte gencrBaTt Ha 6a3a MHOXEeCTBO HE3aBUCUMMU,
NPOCTU NOBEAEHUS, KOUTO MOraT fa ce Hagrpaxaar
nepapxuyHo. losegeHnsaTa nmat Tpurep (CeH3opHa
nepuenuua) n gencreune (Bknoyeawlo edekrtop). KoraTto ase
noBeaeHNS ca B KOH(PIKUKT, TOU ce peluaBa ot Apbutpartop.

e /IHTENUreHTHOTO NOBEAEHNE HE € NPOCTO CyMa Ha OTAenHuTe
NpOCTU NOBedeHNS, a e Bb3HMKBALLO (emergent).
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Subsumption Architecture [Brooks, 1986 &1991]

e Situateness
e Embodiment
e |Intelligence
e Emergence

—» Explore World

Sensor

Inf. t Actuat
ormation + Wander Around chuators

Note: This is

Dependent on

the Robot's

Position +| Avoid Objects >

]

"Subsumption Architecture Abstract Diagram" by KodoKB - Own work. Licensed under CCO via Wikimedia Commons -
http://commons.wikimedia.org/wiki/File:Subsumption_Architecture_Abstract_Diagram.png#/media/ le 24
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bnarogapsa Bu 3a BHumaHueTo!

Bbnpocu?
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