The Gartner Hype Cycle 2. Peak of inflated expectations
Gartner Hyper &g 2500 cOB8sD® @ gedn®dsled OO
I3l les)

A graphical model developed by the research

) i Lots of hype, inflated promises, and early
firm Gartner to show the typical pattern of how

pilot projects.

new technologies are adopted and understood eem3 50, cOBOD @ BeNeMBE 65 BS
over time. Be@ O 68.

20 DDBEGS RGBS O® gHmD D &5 TEn

6B e e BERe d» ewg 00D Media and investors push the narrative.
65580 e sbedeen ee®e d» Gartner s e® ecisnds D88 R@recnetntin
BB 300BRDE DOD EF, By WSS, 98060 6v®m 8.

Some companies succeed, many fail.

It is a very useful tool for recognizing top 9 BEROES OmE6 BBOD 68, DHDOBES

emerging technologies in the world, which has et 8.
five key phases.
6@I6eE 9HE® Wi D MBWBLHIHS BEMD) @O 3T Car .
. Trough of Disillusionment
BED) 680G 9O HEEISHOS 6PV O GO, & @6?23@3 BonsOn Bm GEOD cHILO
DEB g5t 80O eSS EpTey; o8 a0

Reality hits: the technology is harder, riskier,
Peak of Inflated or less useful than expected.

Expectations

[@)lele)d] RN 3. FONWISTON )
R@recNemi) 0 BE) e8wd 68 , gdihnd®
&85 68 6] 36risnds R8BS &f) 68.

Plateau of Funding declines, media hype fades, failed

Productivit:
’ projects accumulate.
go8ed af) 68, @S oG BB BB 5w
et OD §) D588 6@mIE) ®Tees.

Expectations

Innovation Trough of
Trigger Disillusionment

4. Slope of enlightenment
Time 5eIDOS O

Practical, realistic use cases emerge.

1. Innovation trigger EEIBD o) GNBONE D gDl Bmed.

20 ;MmDeencD OB gdIdx

Second and third-generation products
A  new technology appears (research

appear.
breakthrough, startup launch, media @256) ) BOD BSOBEGED St O 6.
coverage).
20 BB D 8. (@EHnO Bed® More organizations adopt with clearer ROL
sbedsen, startup Do Ec BBO, @B e5ccER Dmens® nenitned S8@® &rs
e OOBNE). Be eem] Omend 6w PeDD 608

DDBHEO gHmD OO Be 68.
Expectations begin to rise, but adoption is .
limited and unproven. 5. Plateau of productivity

TS 9ng (0D S0 ®, TS DO DB ¢dBr

FneD 50 88 do gud oHAG D Hw. Technology is mainstream, stable, and

delivering proven value.
MDBE G gmwed DG  gide®,
BNDOD 5B OB @) 6&8.

Growth stabilizes, expectations are aligned

with reality.
ARG BMNDO B, geeddendsy OAG &O®
6@ 68.
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Emerging technologies that are in these hype
cycles

@®® hype cycles D@ s08» %8 d®
NVBHGS

e Artificial Intelligence (Al)
i ORED®

Machines or systems built to perform tasks

that require human intelligence.
BB QEDG Fdms BEGES @) VO esee
EEIND®) e BHRY) 653 SERS.

e Blockchain

A decentralized digital ledger that records
all transactions across a network of
computers distributed around the globe in
a secure, transparent, and tamper-resistant
way.

Bed» Bud® oxecy 6@ o O8Bd &
sD@HND HEGED ®HO®) MOBBD, BBDe
6em®  gEd® o  DwaS-uSedid
EIMOBHES OB OB BBs®D & VB0
BEBOGE.

Ex.

o Bitcoin and other cryptocurrencies
ROemBS 569 e RSDETH® e

o Supply chain tracking
€50036® 20 EHXRE®

e IoT Platforms
00 g0 globehHe 6OCm

Systems that connect and control devices
like sensors, machines, and appliances over
the internet, allowing them to share data

and work together.

€306, (3 83 6MEO 60 3oL &
ES0®  FSDBNEE ®O®H HPRER @O
BEM®G DO®, TNO e 6Re) @O e5®
D@D ) BHOO @b e BEOS 68.

Ex.
o Smart home systems like Google Nest
Google Nest &8 3800 8ones 508

o Smart Cities
£58)00 ®O

Quantum Computing
BB sOHELHDG

A type of computing that uses quantum
bits (qubits), which can represent multiple
states at once, to solve advanced problems
much faster than classical computers which

use only binary states.

500 D @& D WOD eNBHSBD
s5B®HDOQD DE) 6RI6HIT 6D®EEHES E3oE
®c0® BesB® esem DO XD DBOES
Bozesgns ¢ 58 DENR0® DY (BERQ)
N0 OB DB DVBDEE.

Examples of use cases.

o Weather prediction
DIQBRE DS O

o Financial risk modeling
BEs gDD0 grmad SV

o Drug discovery & molecular

simulation
D980 6O 38 edw e3@IIDOBIE

o Protein folding
6855055 5@

Smart Robots
600t 6016IOT

Equipped with sensors, artificial
intelligence, and decision-making systems
that allow them to perceive their
environment, learn from data, and act

autonomously.

oedew, @IS0 RERN®G 5w SO ®De®
BE08 OB ©exDD O» 608 M6l
DGO O desdn DO BB, e
OB 96®m» @O 5t 3NTDD Fd BHOO
®TEC.

Used to replace or assist humans in
factories, healthcare, and services where
precision, safety, or continuous operation is

important.

BOOesNOG, POmSD  6m®)  GRE%w)
HEndSOE Diemsy O® DHEISD, 6595
50 e3DDSH BB oBeMsme SHOO
63 e DBO T D) 68.

Ex.

o Robotic surgical assistants
MR BB EEGEERS

o Warehouse robots
®REN 6MEREOGT
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Deep Neural Networks (DNNs)
®c@®OT SSDED HE

Advanced Al systems modeled after the
human brain, built with many layers of

“neurons” that process data step by step.
B3 e@EH FRNEOBDE DOBS SVEIIG
O @, Brdeds Brdd e e5tess

“Bredin” BO00 OBGES mRDE) D
e5oSVEn Al 5808 68..

They can recognize complex patterns,
understand images, text, or sounds, and

make accurate predictions.

FnO e308HEn 6 e OTSBO, Ozes, 6e5E
6] ®Re 6:30t® ®BOO 5 YMNOD BOTOE
6EE gD 5 BOBO HTDEG.

Ex.

A neural network used by Facebook to
recognize faces in photos.

BEGEOR Gt Qmen ®»ED @S0

Facebook B8 m0m) 0y o> Songm
ENEGE.

Autonomous Vehicles
S06oFe Drw®d

Self-driving cars or drones that can sense
their environment and navigate without
human input.

DO &BBOE Boedemn wE o, O5ed

PODEDS 6MNOD IR 6KED ®WiE
300-t0d® @Y GO 68.

Used to improve safety, reduce accidents,
and provide more efficient transportation.
OO ) Endn SBOOO, godc of)
OO0 5 NS VGBSO  IDMEE
&30e53300 D) WAOB.

Ex.

o Tesla’s self-driving vehicles
60e83@ & 3DBo-thdmes B mwe

o Delivery drones
eREHDH® 663D I

Knowledge Graphs
ce® gefemd

A structured way of organizing information
where entities such as people, places,
things, and concepts, are represented as
nodes, and the relationships between them
are represented as edges, forming a

network of connected knowledge.
e®mEnS, B8Mh®, 6D ©® tomds i
Dl emit) 6@y oK O &gd €5,
T g0 508 BRSO &6 (edges)
6@ BOzoHMeG DO DB BB §
cn® eHEGD &N 6mORGT E30DENWEB
Be® mHD PYOGE.

Ex.

Google Knowledge Graph

RHESB cor® gEENox

When you search “Leonardo da Vinci,”
Google shows not just web pages but also
his birth date, artworks, and related figures.
R "Bronetl &) BB ety QA 638
B0, o B8 601 80 @D a0 e
OB o, DE) ™IS &1 R0 goE aS
8®EBS ¢ 66550a3.

LinkedIn Knowledge Graph
LinkedIn & czn® &5e360
Connects people, jobs, companies, and

skills.
CmEBs, Bm, ©HHd ©® POEM
DBem®O HBRBR DOH.

A visual example of a knowledge graph.
eo® IESNOGE E3EW) CAWS EEIDOSIC.

May 2",1991

ictfromabc.com



Brain-Computer Interface (BCI)
e®ced s gdidmens

Creates a direct communication pathway
between the human brain and an external
device, allowing people to control
computers, machines, or prosthetics using

only their brain activity.

B3 @G 5w BO CN®ED o €3aeg
&BeDe® AMV®EE SHEnsnn DO F ®d®N
BRSO DO 6@EC6E SHEOBOR SOHND
O OB SD@ED, GBY 60 DI
OB EHG BHOO @) e5@est.

How it works
D6 §o »O®» IO

1. Signal Detection &0ee)® ®He®BO

Sensors pick up brain activity.
5068w BB 6@Eec FrImdSDG
BED) B,

2. Signal Processing tsoe)® e368®
Software translates brain patterns into

digital commands.
®agmio® BB e@Hged 0O) BEOQ Bt
RO sHOVHEG WOB.

3. Action 8®
The system carries out the command
(e.g., move a cursor, control a

wheelchair, type text).
8086 Bhen Sodm 08 (ee:
DVEBOGED 6EHEO, 603 30DD eNE®E
BBO, eesg OBS BBO).

Ex.
o Neuralink (Elon Musk’s company) is
Developing implantable BCls to help

paralyzed patients control devices.

BEOBHD Be@s ®t3ies ©EI®®)
BB eromEN® BRSO Eeo® LNEBEB
B0 cesand BB e VEQ B

8 BCIs e300 OB 80.

helo ﬁ

Flying Autonomous Vehicles
8me6 @6® 0G0 DD

Self-piloted aircraft, like drones or air taxis,
that use Al and sensors to transport people
or goods without a human pilot.

BB BoEEDD 6mNBED BHE 60 IR

5O®®E BO® esem) Al 65 e3068ez I o)
O 68® e 6®] @D B OO &
38000 BoE @O e 68.

Ex.

Volocopter
A German company developing electric air

taxis
BB @OB @B 0O e30OVADG OB B
SEH®OE

Amazon Prime Air

Drone delivery system for packages.
68)® OB escewes 6RE) ®ded® SEABGE.

Zipline
Delivers medical supplies and goods

autonomously in Africa, U.S., and beyond.
S8, @D ) 98 DO e6des
€50e563® €500 SR 3DEEHD ER) 6.
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Emerging technologies that are predicted to

be in the near future
80T g@ned & gedimdnct 6 g8 2td
DD MDBHES

Autonomous Business
8800 @D O3EN0

Businesses that use intelligent systems and
autonomous agents to manage and optimize

operations no human input.

B3 DD 6MBHO 6®@emH®
DEOMDOSNG BOHBO 509 Pwedn BBOOD R/EDOS
&8 o 88D6oSn HewiBmns D) O®
O2e300.

Hypermachinity
&d cdemismosn

Advanced machine intelligence that boosts
productivity and creativity—using generative Al
for content and Al agents for autonomous
decision-making.

OEBMD 5t SHEENBBRDBOG WS Modd Ce5t3
65D RAERND B OO — FBOVEODES ESEH)

509 30008 BOH ®eS® e Al HeriBmens
O BYO.

Augmented Humanity
8 e e BWBSSOG

Technologies that enhance human abilities, like
brain—computer  interfaces  for  direct
communication and wearables for continuous
health monitoring.

€588y BB (@) eNG-5D®ED
ORI 529 SR 639D BHWBHICS L3E)
eeGE®D WS Ce3mOsN DS @Hd WSS Ol)
g O® DIVSBHIES.

Intelligent and emotional computing
RENOS m) BBeOB sO®HM®DEG

1. Intelligent computing
REDOS sO@EM®

Systems that can simulate aspects of human

intelligence.
BBS QEDEO epedE VBEHS @DOLIEG DE 8ol
s5E08 68.

Intelligent computing uses techniques like:
RAEOS sdD@EDE BHD BEHS HEBG O
O WOB:

¢ Artificial intelligence (Al)
280 RED®

e Machine learning (ML)
oS eemNn®

A subset of Al where computers learn from
data and improve their performance
overtime to make predictions or decisions

without being explicitly programmed.

65D 9emB® ¢y sODGEND DD OJS 9e®™
6®m® RGBS BO® FTNed HrImdDOG 8
8rgn 08T @ Ol dns®D
BHOKSS 6eMOD DS 653 B BeSHOO o)

e Al & 5 REDES.
Ex.

o Spam filters in email services use ML to
detect unwanted emails
Bepdd ot 6e3DDBE Spam a0

gO®s 8680Q ®Em @@ ML nDom
OB

o Self-driving cars use ML to recognize

objects and make driving decisions.
3000-00 ©ede® @0 00 B3
DD @IBBO 5w Bo 5tcde® Hosn

@0 ML 08 dE.
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Expert systems
Bexsce 5808

Knowledge

Non-expert from an expert

user . Expert System P N

Query : 2
[ Knowledge
( “engine ™ Base z.
M 4]

3

Al programs that mimic human decision-
making using a set of rules and knowledge

bases.
BB es@men 65 crnd® GORE) D DOBS

pd 0% 6S® axwdsns @o» Al
Bees0®nS @d.

User Interface

Designed to solve specific, complex
problems where human expertise is

required.

Hnd DeBBrEmd gOms O BEDD,
3008 ®OO BeE® 3cH) @G DO
&,

Ex.

o MYCIN, an early medical expert system,
helped doctors diagnose bacterial

infections.
Bc MB® 66des Demarr, 3EBHED O

MYCIN @cz330) e Hes) @S0
66050080 0 WESH.

Examples for intelligent computing
RO V®ENDEG BEm) EIWOEN

e Self-driving cars
Do BG sedm e

e Google Maps suggests the fastest

route based on traffic predictions.
V® oeRde OO axd 6SrORE
V®o O BBHEE BB ecicie SO

e Traffic management systems in smart
cities
880t OODE OOD®D WESRIIDOLD
sE08

e Al-powered diagnostic tools

Al Reers HEew D 60i® BB
ceRc)

e Fraud detection systems
Do) @R &S

2. Emotional computing (Affective

computing)
B52edBx sd®MmHE

Systems that can recognize, interpret, and
respond to human emotions are called

emotional computing.

BB woBE HEMEE®, FHODDHE WO TNO
550 DB B o sES Bied®c
sd®EHG 68.

This is a subset of intelligent computing.
6006 REDOD DEEBEE €85 DEWHEE.

Combines computer science, psychology, and
cognitive science to create systems that can
detect emotional states (through speech, facial
expressions, body language, or physiological
signals) and adapt their behavior accordingly.
D>eDBB HBOGS (DODG, BEress @dnd, B®HO
00 61 6B DeHDOD® o) BWOM))
weem® F gxd uiBde 6dne @O ®D ®id
5808 SHEngns SHO em sdDosy Demd,
Bex3Be3D 5 t5oHH® BESD 6rNE) ®S..

It aims to make interactions between humans

and computers more natural and empathetic.
BKen o) SO®EMD good GBOHEE OIS
SONTD o) BBHORDG BOO O O@En3.

Ex.
o Virtual assistants like Siri, Alexa
Siri, Alexa &8 OB €5

o Chatbots

o Smart learning platforms
85007 96®HRD 658
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Conventional computing
)8y Bm sd®En®e

Follows rule-based, deterministic logic. It
executes  predefined instructions  and
algorithms without any adaptive or emotional
capability.

58 0> scn® §, Bemnm SO®EDG ENEODG
208, D6 grmD OB 6t @O OBS 60D 6850
agbd eD® e coect o argemdo® &
S 68.

The output is always predictable if the inputs

are the same.
PO® 6w OFex HB ©® DO HHBO®
8360TDBE WG WTDE.

Conventional computing is the opposite of

intelligent and emotional computing.
8B sdmsmmne REDDD & DD
s0®EMD6E BBGER DBBOGE.

Examples:
o Calculators

o Payroll systems
QS 3E0S

o Bank transaction systems
QDo ®HRELY) BEOS

Automatons

Self-operating machines, or machines with
built-in control mechanisms, designed to
automatically follow a predetermined sequence

of operations or respond to preset instructions.
630 BOgn e 0emE® ondBtedon
B0CoHHd anmdne BHBD 683 630 T
co6ees DD &0 crmddd SH@gne O &8

30Go-§mnd e®3 built-in ene® HBHen 8o
65y 68.

Examples:

o Maillardet's automaton

o Delivery drones
eREHDE® 6L I

o Lawn-mowing robots
DHGINEG WD 6MN6RIDGT

o Jaquet-Droz “writing doll” (18th century
automaton).

ictfromabc.com



Comparison of intelligent, emotional and conventional computing
RAEDOS, BedB0 6® 858D SOEMBDE otsscHes BHO

Feature
Bexsio®e

Intelligent Computing
REDOS sO@EM®

Emotional (Affective)
Computing
B52edBx sd®MmHE

Conventional
Computing
)8y Bm sd®En®e

Core Principle

Adaptive, learning,

Recognition &

Deterministic rule-

¢xOb® Be®
BB HO

experience
SO BO® 96HmD
6BD FROVDHDE 685

user's emotions
SDBEIE HTBHS
O PO FROVDDEG
(1)

RIGIHNOClAle Ll decision-making response to emotions | based logic
FROVOIBG, YEERD, o HEH) OO 5w | BEDD B O seHd
BO# eSO 550 ero® 8 obm®e

Adaptability Learns and adapts with | Adapt based on the Low, only follows fixed

Instructions
a8, 8MDO ceseeel
0D FH®BDG OB

Human-like Thinking
0-8r» DS

Simulates reasoning &

intelligence
HDHGE 5 /DG
@O WO

Simulates empathy &

emotional awareness
3065 €5
B5ed&BG
DB
B@HOBNG DOEB

None
B8O o

Interaction Style
eSobEn) Baess

Problem-solving,
predictive

®z0® BesE®,
28360300 BBHO

Human-centric,
empathetic interaction
@D BWRE®D, t506DE
FRBE

Transactional (input-
output)

oy (pe)m-
&58eHm®)
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Artificial Intelligence
B0 RV

Field of computer science that focuses on
creating machines or systems that can perform
tasks that would normally require human
intelligence.

@nn BDoed BB RAEDe gdws O
VEES 90 DG B BB 683 5ES SH@IBNG
B0 eweds EdHHE 6NF oD BSVG®EWD
Femed wedys 8.

These tasks include:
6®® IBBEERO FrRES DBER:

o Learning & remembering facts
DOTE 96®EO &5t B DR BB

o Reasoning
DODBE

o Problem-solving
®z0® BesE®

o Understanding languages
)8 650® BB

o Recognizing patterns
6D wEE) GTSH®

o Applying knowledge
e® 60E®

o Making decisions.
5O 6&0.

o Perceiving the environment
B30 GO DO SO

o Analyzing and synthesizing information
eMONOT BXeCBENn BO® 58 t5ot3eRBHIG
A elC)

The term Artificial Intelligence was coined at
the 1956 Dartmouth College workshop in New
Hampshire, where researchers brainstormed
ideas on creating “thinking machines.”

‘5@ QD" B 6re® 1956 & B8 ®rd@3wnt
8 0 Bemeed O POODE ©ef OO
ewlesm mO® @ oo DBE shedswmns BEs
‘BB o’ SHEngnn SO B8Re Hwwdes
D6E0.

Since then, many definitions have emerged.
Doz B0, een] BHOOH 68 tem) 98dess &
&eeD.

One such definition for Al is the simulation of
human intelligence processes by machines,
especially computers.

Al e DS BHOOHEE D3y iy B8,
Bexsens sOmém DB @®d RJED OB
FRWOSEG HOBE.

10

Turing Test
Ogds sdssesncs

If a human judge, interacting through text-
based conversation with both a human and a
machine (without knowing which is which),
cannot reliably tell them apart, the machine is

said to demonstrate artificial intelligence.

BB eesm 59 B O GSG-LNED 50NEHD
®O®) GEROD H) »O® BKS BBGOEDOT6OMO
(D) BB 5B OEBDYG DODcB emes), TN
DEBEEHED 6RE GOBDO HEIIOD GXIWTED
28, BEHE OB DB JYEREG 650 DO® D
Box @red.

Machine Human

Testee

&

C Tester

Philosopher John Searle distinguished two
forms of Al in 1980.

obe8nenn) § 6sis B8cbE B8&5 1980 & Al 8
PO LI OO HEJ) ®SGHC.

1. Strong AI (AGI & ASI)

@808 pooc (AGI & ASI)

Al systems that can genuinely think and have a
mind.

e50RE 6 BB O 59 e S Al 08,

2. Weak Al (Narrow Al):
ELOE gwoc (9 AD:
Al systems that can only pretend it thinks and

has a mind.
DOSO Bo® DO 5 O e DO B e52®0

@8 oo Al 5808.
Weak Al

Strong Al

Exhibits self-
awareness,

Operates on
rule-based

creativity, and
flexible, adaptive
learning.

systems with
predefined
parameters.
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Further explanation.
OB szl BLO.

Weak/Narrow Al
ebde/esq Al

e Specializes in one specific task.
D BEDm IHEEED Bem) Dexwd 68.

e Cannot perform outside its domain.
DO g Dese®s/B@Heds 80D §n) DG
CENEDD.

e Very powerful in its niche but has no true

understanding.
B Be O GG REE 9o REDD ®GD
&50Rz FOGRIGE 6MBTD.

¢ All modern Al falls into this category.
Bre® ®8» Al 600 gBRG0 eGos 68.

Famous Examples:
IBM Deep Blue (1997) — Defeated world chess

champion Garry Kasparov.
6@ 60t RO ®d Wredesedmd ket oD QE.

IBM Watson (2011) — Beat top players in the
quiz show Jeopardy.

Jeopardy »® & SNOHSOD Orfedne
9nE® SwBS sdesn ®oO® QE.

AlphaGo (2016)— Defeated the world
champion in the complex board game Go.

SoSHEN 300t IO O GO & 6@ RO
BB oD EE.

Everyday Examples:

o Apple Siri

o Alexa

o Google Assistant
o Google Translate

o Netflix recommendations
Netflix S¥edmes

o self-driving car systems
80 HD®m 6@IDG OO SES

o ChatGPT etc.

Artificial General Intelligence (AGI)
D50 ®Hazs JEDG (AGI)

e Has human-like intelligence. Flexible and
perform adaptable problem-solving like

humans.

BBeNO e5@®» REDGD e, DOBP 68 50
IBRS 608 gRdboe & @O DeEed
BT .

e Can learn, understand, and apply
knowledge across different tasks and

domains.
DD DIBEES 5w Oed O crn® 9em™
@O0, 65508 @eHOO 5t 6eDBO BTSes.

e  Still theoretical—research is ongoing.
200 HBHEDODE — esHeduen BeedBS
s508.

Example:

An AGI system could both drive a car (one field)
and defuse a bomb (a totally different field)
without needing to be retrained separately.

AGI 80800 6®I0H OOcE (B Dedyc)
OE BO® ©® VD (5BHENEESE
cOn Dedyow) BSHPo OO, O ON®
2DD g SO FOGEDDOBS 6MOD B e
BTEC.

Artificial Super Intelligence (ASI)
50 680 QD (ASI)

e It is based on the idea that once a system
reaches the level of AG, it won’t be limited
by human physical or biological constraints.

6006 8end® & graed sESnm AGI @3080
e® § o5ty Do BB 695D 6m] 8D
Femsiom SO BB 88 emd®» DO
g gemes PoE.

e It could keep teaching itself, upgrading
itself, and improving until it becomes far
more intelligent than any human.

D0 Dozd® BKewnd &) een] J/EDOS
D e D00 9urSd® &m OBEnen
BB Exndd® ®O®mS (3) BWTE.

e Raises serious risks, including loss of human
control and Al pursuing goals misaligned
with human values.

DD NEDG BHDO o Al BB @Hod
D0H® ©B® 08 6@t 6B3E®IE otd

QOH ®HE) (B &gr® ROSHE GO By
OB,
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Some Hypothetical examples of Super Al
(ASI):

680 wa8® RED» (AS]) secwm cosd8o
coOHéH BBSGS

An Al that instantly finds cures for all major

diseases and designs new medicines in minutes.
Bre® gt 60)® BEm) DB 5E@IO 6636
O 5% BB DBSEHS HO @90 SHENENG
20O® DaB® JEDEE.

An Al that discovers new laws of physics, invents
faster-than-light travel, and designs technology
humans can’t even imagine.

6995 Deed D BB 6650 MBS, 6@IDEBO
D) ) 68®EHS ®BS WE Wi PINO GEIC)
OBE) 50 BEEBO BDIOD 6N DIVSHICD
SH@FNG DOD IS JEDEE.

A system that could govern nations, manage
economies, and negotiate peace more
effectively than any human leader.

BDoz® BB owennd O8) )R 6@t eHS®
BE®E BHRO, eBSwES DEPOLEE SHOD
6 06 ot [BOBO ®B @ISO RED
s5E0BGE.

12

Several techniques of artificial

intelligence.
50 RER BSs e BBsEES.

narrow

Search Techniques
eed)® 83 ®

Finding a solution by exploring possible states

until the goal is reached.

O3 BeE 0RO 58D 66308 G DIBGED
B 9Em®D gdEEMNO 65D eem) NS
2OH QIeR.

Example: Looking for the winning move in a
board game with a human player by checking

different possible moves.

COBOMBE 6@ QCROD oEBGE  @Hd
Shhoenn ©d® @O®» gddt S DO®EDE
QO 3N FDESND W) (3% IO GEIC)
@O crDE WTEDCS.

Natural Language Processing (NLP)
S50108D ®0®) erwsd

Al that enables computers to understand,

interpret, and generate human language.
sD@eDORD BBS onesd 6BO® ®rSe0,
gHOOMB BOBO 59 T wed e BHOO
WD @R e WIS RJERD LS 68..

Allows machines to analyze meaning,
sentiment, and context. They are behind

chatbots, translators, and voice assistants.
GEBEORD  gbdc, BB &’ BDehHHe
Swedesnn SOBO b e agod T
063063, 0DV 5t ®E) e3eNEEEBS Beses
&eeD.

Example: Google Translate converting a

sentence from Sinhala to English.
QOE SOOVDDEG BFS DHDBEE BomE $IIGDS
9oBE 00D VO OVWG BHO.

Speech Recognition
20D HEDI®TDO®

Algorithms that can identify spoken words and

understand short voice sentences.
2N 0 DDH HEHTEHRO 659 620 BRE B
6B0t® & O FrSemDD®.

Example: Voice assistants like Siri or Google
Assistant  converting your speech into
text/commands.

Siri 893 Google 88 & eNEmES Bed wONCE
656 /5h® DO sHOVDDEG DOB.
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Computer Vision and Scene Recognition
sO®MD cr® 6B cHED DEIIDTDO

Algorithms that interpret and understand visual

content from images or video.
Gzes 6] Rew’ OB cams  gRODODEB
FHODOMEB WO 65508 BB FreEmOHO 68.

Example: A self-driving car recognizing traffic

lights, pedestrians, and road signs.

EOBOMBE 6@ OO EBO, SEBS 5w
BV® €300T) BWEM) @R e3DBo-B 58D 6@
OO ELDE BTEDCs.

Genetic Algorithms
H206 grgembH®

A type of optimization algorithm inspired

by biological evolution.
sBDENO®E B3 8D Demnsow SHmOds @O
68 § g®e3Swoen remdD® e30SGE.

Like in nature, where the fittest species survive
and combine, these algorithms keep the best
current solutions, combine them, and improve
them step by step until a very good (fit) solution
is found.

DBE, 8D Oees® gl BE8miem®
GREOSDHE) &6 8 6 HEEO 68D HBHEE
8BGO 3D Besg® @reR® DO oD s
eNc® Beg® o OB, Brdeds BudO
D) Brgn OB D) emic Dewed® csmmn BB
8e 6m63.

Example: Finding the shortest route for a
delivery truck by testing different routes step by
step.

Boudeds 8Bedd B0 @bm ©de BHeOS
eReHDE® Qi O0OGE Bem) 6mO® BB®EG
e BTSHO.

A basic demonstration of a Genetic Algorithm.
eHHBG FremODBED 5OQ HOEEIE.

Fuzzy Logic Systems
g5t B &8

A technique that controls systems using
language-based rules instead of strict yes/no or
true/false logic.

08/t 65 ©os/gens 6@t OB &l
DHDHE 6RO BN NEw BE D) OB
B5ENS eNEBEB DOD DTBHIGEE.

For example: “If the room is hot, turn the fan
fast.” is a fuzzy rule.

E®OMBD 6@e: MBOG 'cHnd® 8, Beld

50N '68®EES WODOB®.” B FStETED
58S,

Here ‘temperature’ and ‘fan speed’ are fuzzy
variables that take fuzzy values like ‘hot’ and
‘fast’ rather than binary values ‘true’ or ‘false’
c®BE, 'O 5w  ‘somed edmc'
&esecER BOBGS D® gmd, F0O 'tsos’, ‘epess’
60 £DBG gmes 6O7RDD 'c&ed’, '6dmds'
S epestcERD FBHES @RIDD BT.

— Yes/I
Is it Cold? —— Boolean
Logic
L. No/D g
— Very Much/0.9
a0 , Fuzzy
Is it Cold? ——F—— Little/0.25 Logic
L Veryless/0l

Neural Networks
SE® HE

Have been discussed in page 4.
o 4 8Hed b)) w0 &oev.

*1

I Generate Population I

Evaluation

Best solution

No

Crossover

New population

A

Mutation

A

A

A
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Man-to-Machine & Machine-to-Machine

Coexistence
386 a5y ©9edRBMD 65 Y IY
SOOI Ao I)

1. Man-to-Machine Coexistence
386 sy 0RO

Collaboration where humans and machines
work together, each contributing their

strengths.
DBem6E BSOS OO #de3Md @) 6B
By 5 BEES mei®d) ®OnD SHOB.

Humans bring creativity, emotions, ethics, and

contextual judgment.
BB SHLEIIBRROE, ®BES, O VO 3
BB BBEOG 56538,

Machines provide speed, accuracy, data

processing, and automation.
65y 69®mE, BODesDG, D trt® m®
3OO 56568,

The goal is not to replace humans but to
integrate  human judgment and machine
efficiency in a way that boosts productivity,
strengthens decision-making, and enhances

overall quality of life.

QOB DBes BB &3Memn SH® 60D,
OREBND 9ug od®, B “SHE GO
20® 6 603D 8D PO DBDERS wOD
PINoens B3 OBOG 65® 65y
IBEDBOMND TRER SHOE.

Examples

Healthcare
ee39Ds ee3eN

e Da Vinci Surgical Robots
&) B mEs 6MeS Dbt

Surgeons control robotic arms for highly

precise, minimally invasive surgeries.
®ES 66DecsD0r 9 HODexs, OB eHydm
30O EH) 6IGRI G NG WOS.

e IBM Watson in Healthcare
Doctors use Watson to analyze medical
literature and patient data before making

final treatment decisions.

66DESDOT GOEND 35O BOH ®THBO 6250
660es Tepd ©&® 60I% e DHeBLI
OO endess) Do) WOS.

Education
GRBSDE

Students use Al tools to practice and learn at
their own pace, while teachers use the same Al
systems to track progress, identify gaps, and

guide their teaching more effectively.
8630 20eEE 68®6nS Mg DBO ©m 9eHm®

®B00 Al 6®De® HT) DO® o, QOTOOTH
5e86 BdDeenn BOOO, KL ®HEH) @SB
6 056eE 9mino® Oty OB 6@

6®e®rdR0 d® Al 5208 B OB,

Manufacturing & Logistics
Bdecme eow e55e5n®

e Amazon Kiva Robots
@ B 6MIBRIOGT
Robots move shelves to human workers,

who pick and pack items.
6OIBIDGT B  6®® BN BB
6t3OmiB 60 O god 0% lod®
6INE® Greydt® OE.

Transportation
5OHDE

e Tesla Autopilot / Full Self-Driving (FSD)
6083@ B3DweSB B / 8ben e30mo-Bek
&e5®
Al drives on highways, but humans
supervise and take over in complex
scenarios.

Al B85 eDedE OB®OE HDHG OB, HES
535 300N FDESNDREBE RBBENG WS
oo 6d.

e Boeing & Airbus Autopilot Systems
6@38Bo 3 DVRES 3DGTB HHE S0

Autopilot flies planes during most of the
journey; human pilots handle takeoff,

landing, and emergencies.

®®E D8 MRBD DE B3DGHG KnE) @D
@ Bmesd wOB; B8 Bo@dsS DS
@OE®D B, emnbR® e BB LS
®e30cDE.

Workplace & Offices
e SM®e &® BEE

Al assistants schedule meetings, summarize
notes, or manage tasks while humans focus on
strategy and decision-making.

BB ceNe OV® 5w SO oS® emeOH
gO®E 6(E OB goomd Al emomie’
388 ResdHns®mD SO®, e0ms e HDHO
6®3 DIVEGEES DEODDOLG OB
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2. Machine-to-Machine Coexistence.
o8y 65y g0 SHEBVSDO

Ability of different machines, devices, or
systems to communicate, coordinate, and work

together without human intervention.

BKS EHBOODS 60D &BBeBemen BHOO,
8RRV DOSE BOHBO 3t Dwd Bh) BHOO DDA
BB, EeN0® 68 SEABDED s WO,

Machines exchange data and actions in real

time for collaboration and efficiency.
EBDGEIBDMDEG 58 WIVEDBOMD SEH) GRY)
e 3 ) D5 HBZHO OO O ®S.

It is a key part of the Internet of Things (loT).
B 1D OB SN &5t EINOEE.

It enables automation, optimization, and faster

decision-making in industries, cities, and
homes.
[9l6) DBESD, 2O €509 BesdOE

BDBoHEmOIG, HWEB®OSG &H 65X
B0 ®EHB0 @) @IGEH.

Examples

Smart Homes & IoT
890t e e IoT

Thermostats, lights, and appliances share data
to reduce waste and optimize energy

consumption.

85 EENBOD, BEB 59 59 WO 3D
gf) SO0 w VLS ©demismn HwESD
B0 ¥ BOBNGT @O ®F.

Smart fridges reorder groceries by sending

signals directly to online delivery systems.
SO0 BOWOL BBO®D 6RHDE &SNS
6D OB o) Brded®s BRRO VL) %D
oE)® OB,

Communication
e5856demnn

Gibberlink
Experimental M2M communication network
where devices autonomously send, receive, and

relay encrypted data without human input,.

55 B8ORS 6MOD ¢e30® B3R DEemE)
g0 e3DEoEHD €306MMBOD £ td®, @)
@B 35 Vel BHO® &g WO® sVedBsmNE®m

6BEH-6 (M2M) 6353868 eHERGE.
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Automation
S0 OMEB

e Manufacturing Assembly Lines
Bdese» Dol BOe® s5E08
Robots share data to synchronize steps and

keep workflows smooth.

BrdO ©enbn SOO 5 i) IWES
23008 ) BB 6MMRIDOT £ 5D @GT
O ®8.

Transportation
5OHDE

e Tesla Cars
Teslas share road and driving data across

the fleet to improve autopilot.

300 BEEDS BOBErgny SHO® EH)
c0e8@ OO DB HO®) EV® €®
B 32e06® 55 Bd®IGT DO ®F.

Energy & Infrastructure
RS 6® 05E 5H®

e Smart Grid Systems
SO GO 5508

Power plants, wind turbines, and storage
batteries automatically balance supply and

demand.
R@®O, &BEGo OVRB® 5w ®RE) KOD
300D e30e3:3® €3t 9RO PRBD DOEB.

¢ Smart Meters
380 00
Home meters communicate with grid

controllers to optimize energy distribution.
®atn BOO BB DG 6Re) ®wid® ®meds
BO® esEm) eNE IRMEBS BO® BRBEDEDCEH
DO,

Healthcare
ee39Ds ee3eN

Wearable Devices + Mobile Phones
SGER WD C3)0® + Bo®® £OO®

Smartwatches, fitness trackers, or glucose
monitors send vitals to smartphones, which
store the data in apps like Apple Health or
Google Fit and allow users to share it with

doctors or hospital systems.

S0 BoeEY, eiesm Ot 685 Beemies
@506 B3ENHTemis 60D GBOGS 6MONOT
00D o DBBS gl 65D ) QOE OO
DB 6@ coo GREN O SOBEEBSO
660e500t8 6m) 60IHE ©ENS ©O® 6Re)
OBV @b e5@esd.
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Exploring the fundamentals and applications

of Agent Technology
Bexi8o oneimed GBmio® em exng®
®ebssnc

Software Agents
®agmio® BexIB8o8S

A computer program designed to perform tasks
with some degree of autonomy on behalf of a

user or another program.

sOBEDEGR 66 600D ORDH®D 60DXED
68 g@gncD SNHDDSTOGE 68D DIHGES @]
B8O oecH S O g sdogw
RIEAFBIOIHE

It can act independently, perceive its
environment, and respond to changes to

achieve specific goals.

DO SNDDD ) DG BB, DB 5desdn OO
@D BDEG, €5 BEOD YWD 3¢50 BTH® e
6038 DD &0 LB BWTEH.

Agents are widely used in fields such as artificial
intelligence, automation, computer networks

and E — commerce.
23O JER®, 3DBoHBOLE, D®ED LHE €50

E — &gBednes 8 Dednde 608 SeciBmes
RED I ) 6.

Examples of Software Agents
®agmio® BeciBol30 cmdsn

e Personal Assistance Agent
5éoln ms Sewni8s
(Proactivity + Social Ability)
(80330 + 658188 eScID)

Responds to voice commands, fetches
information, schedules tasks, and even
interacts with other apps or smart devices.
®E) BNDORD HBNO DB, eMNOROT @)
®8, DVEES Ce3eCRDOD OB, 65t 6D
66e® 605 BSBHO CeNo® BB 38 FHRDD
S @OEB.

They act as digital assistants, using a
combination of technologies to understand
a user's needs and perform actions on their
behalf.

09 D80T omeEBE 6@ S DO,
5DBODEENEE OGS 6550t® @SB 59
09 Oxedx o - 8g BBHOO
DDBENEREE DO NSO AOEB.

Ex.

o Siri

o Google assistant
o Alexa

o Cortana

©°. 0

Recommendation Agents
5beln Bexi8als

(Adaptability + Proactiveness)
(g0DVDe Be® eS80 + §EImMdBO®)

Recommendation agents analyze user
preferences and behavior to proactively
suggest items, products, content, or

information that the user might like.
EVecw BeriBmns SOBOm Deesns &®
800 BBedsn DO OB WdS B
o B0, BZnew, gROL®D 6®)
emMOROT WA 63w WOE.

They act autonomously to provide
personalized recommendations, often
improving over time as they learn more

about the user.

Fon éem@ediBe SbHedmw @) 88 e
SNDHD Fw w@oO® goo, eew) O
sDBEmE @ 8 DO et @ 5O
MEED 5B® OBERY 68.

Ex.

o Netflix recommending movies.
Netflix 885 Bgesd Sbedm BOHO.

o Spotify suggesting playlists.
Spotify 88s ecxlswm wmOm» HO®
@33 .

o Amazon product recommendations
Amazon 38s 8decHd SHecm HOO.

APPLICATION

25| smartphone

cﬂ song %
. : . RECOMMENDER
USER ? SYSTEM
Movie
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Game Al Agents

8t» Al 8exi8oes

(Reactivity + Adaptability)
(5888800 + gxndbomnc Hed
BTBEIO)

Software agents that control the behavior
of non-player characters (NPCs) in video
games like GTA, FIFA, Call of Duty.

GTA, FIFA, Call of Duty &8 88en3 §t» O

B0wns eeands O (NPC) ®i83d® eHeme
2O® Pagmo® BeEIBHGES 68.

NPCs are made using these agents —
whether opponents, allies, or background
figures — they act and react intelligently
and believably, enhancing the player’s
experience.

NPCs &t@gns 0% e 600
BeiBons T OB O god TN
B0w@e6 DOTEDNES, BmEs 6 5eRdd
o B =B — D Sodem B
RAEDOSD e DEeenm 6@ SN0
DB HRWwe® SE) DD ) Enen
OB,

Unlike fixed scripted behaviors, they can
adapt dynamically to the player’s actions,

the environment, and their own goals.
B886 O®G ®O® @ HEOBD 6@ D,
6®MND FOwI6E OSSO, edednd ®
Tex® QEDEdRD axnd @ oSwmd
FROVIBRG B BBGE.

Network Monitoring Agents
e gihciesm Seni8mcs’

(Reactivity / 688 8850x)

They continuously monitor servers, detect
failures or intrusions, and alert
administrators or  take  automated

corrective actions.

T R#8)D et3e)nmnss BBwednc SO,
eci® o)) PDOHIES DEIGH®D
s5BeNeBS0  gondc  gred®, HSHS
00oSE BOOE BdHe® HmH@® @iS® &g,
OB,

Ex.
Nagios, SolarWinds, catchpoint,
LogicMonitor

17

Mobile Agents
So®® Bexi8niBS]

A type of software agent that can move
(migrate) from one computer system to
another in a network and continue its
execution on the new host.

ENHEGD g8 O sD®ED SENBERS O
s0®ED SEASEDO 6@l (30m@Enc B) 2O
BDMODEE FEw OO EnO® mO6®®

RO ®eWBED &S Bago® He3BDER
DBEE.

Unlike static software, mobile agents can
pause, move to another machine, and
resume work from there.

808 ®acno® 60 600, Ho®®
BeniBoBs ®©0 DPD® WIVGEE HODE),
6D GHRYHEDO emel, Do 8O )
20D POBD DG BTG,

This mobility allows them to bring
computation closer to the data, reduce
network load, and support distributed
applications more efficiently.

600 oDEmMD RO odDofHe e
DO Sle®d (NBD, eHE DERER &f) BO®O
o 500 ©dmsnm ®o®) B8BY &8 6ne®
DD &me B0 O&) MVEDS® 6t 9
€3@es63..

move

S
‘/cllem Y
h >
\agent,

Server

PC
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Real-World examples of Mobile Agents
So®® BeniB8anBsed t5tdE 6@i™ DO

o Travel Booking Systems
080D OO @tBe® sES

A mobile agent visits airline, hotel, and car
rental servers, negotiates deals, and returns
with optimized travel packages.

Bo®® KeiBnenty ®DS 6638, 6mI0Q M
6@ 6O wBEO ec®» etiNenm DD
emES, HHREEY) N WO, PGHESD 30N
8506583 O sy BcBeET.

o E-commerce
G-Onghesses

Agents migrate to a different vendors’ sites,
compare product prices locally, and return
only the summarized results.

BeniBoos D0 Dendwddxe® aid
6D Gopd®®e 8, 6ZBKD B B
@IS E30BEDB WO, ENMNBED &SBOE
5@ @) 6.

Characteristics of Software Agents
®acmio® Bexi8olSed uiesn

Autonomy
8800 DG

Agents operate without direct human

intervention.
BeniBoBS i DB BSOS 60D
Horsem 68

They can make decisions and control their own

actions to achieve goals.
QEDD 833 ®B® em) RHRO S ®SBO
509 DHOBEE® ) eNEMDE BOBO HTHS.

Ex.

Robotic  vacuum  cleaners  automatically
navigates and cleans rooms by deciding its
path, avoiding obstacles, and returns to the

charging dock without human control.

66 rpd® WRHYL BBS B5DEHHED ®®
BBe®S em DB MDEE BoOMn HDe®s, i
B®msd B0 BBEe @0, B eNEHEES 6eIOD
2D epedIesEn SNHEO e5tBesI.
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Proactiveness (Goal - Oriented)
S§88500 (eedimam)

Agents don’t just react, they also take initiative

to fulfill predefined objectives.

BeIBoBs 580 crd® 5@ 650, 6850
gbd e g® gé@¥n 9 WO @BRD &
ORBOB ®.

Ex.
A recommendation agent actively suggests

products before being asked.
Etecw BeniBmenn DOBOO 6550 DO
Bdesie® et wOB.

Reactivity
58T HBBDOB
Perceive
Agent
Learn ﬂ Reason
Act
- | o

Agents perceive changes in their environment

and respond appropriately in real time.
BeniBoos o0 odwded Bedn 605D
DOEIB®D DB MBDO 366y SO &N .

Ex.
NPCs respond dynamically to player actions
and environmental changes in the game.

NPCs 38s Showmed SwdsS0 o Sihed
%D 603 OO OB BN cwdE.

Social Ability (Cooperation)
0@ ©eBE0 (®eri@emdr)

Agents can communicate and collaborate with

humans or other agents.

BenIBHBS0 BBS 665) 600 BB
BO® 65D BDOBD ©® BHEEINGES
DOED BOBO )

Ex.
Al agents talking to each other.
Al B6@E38o0es dBemm) 5B® W) BO®
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Learning and Adaptation
em8® 6® gxdbowe 5O

Learn continually

New
Data

Deploy continually

Some agents can improve their performance
over time by learning from experience or
feedback.

60O HeIBHBRO HerS® 6m) gBeesiBsn
OBS 9m® @B WMEGD OB RS
DIV DG DRIEHRIN DG BTDEG.

Ex.
Self-driving cars learn from traffic patterns and
adapt their driving strategies to improve safety

and efficiency.

8D Hd®m 6®IOY OO dd®® OO OB
9EMm® 6M® OO € HEEDBOMND 8
8ndn BVO e 0YSeE i e5ede® N
VB EROBDBG DO ®©F.

Persistence (Continuity of action)
§mmdaided gReiend

Agents run continuously, monitoring
environments and acting when necessary.
BeriBors B8 ©bedns SVBenc @O
& gdms gddd) DEE VrrS 8g OB
FRHD Hr®m 6dDE.

Ex.
Antivirus agent running continuously in the

background protecting the system.
EO®OMEB: B-DBGE OB 58ded® GRETED
Hosi@wm B god 5E8G eonse) mOB.
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Classification of Software Agents
®acmiom BexsIB8oned OLBDOENc

ollaborative
Agents with
Learning

Cooperation Learning

Intelligent
Agents

Interface
Agents

Collaborative
Agents

Intelligent Agents
RS Bexi8ocns

(Autonomy + Learning + Cooperation)
(000 HEDB+ 9RO+ HerIBMOG)

This category represents agents that exhibit a
high degree of autonomy, learning and

cooperative abilities.

PR MG omg 0068 BNDHDNTOED,
96MBE® 5 BWEEIRD) BIBEOS HEV®MED
WO BenIBEns Bewiesmen AOB.

Intelligent agents use artificial intelligence
techniques to learn, reason, and make decisions

autonomously.

RO BeiBmrs SNGnd 9emBRD, VWD
BBOO et SO#n eSO @aB® YLD BSBG WO
N WOEB.

Ex.

o Tesla autopilot

o Siri, Alexa, Google assistant

o ChatGPT, Gemini

o Amazon and Netflix recommendations

ictfromabc.com



Collaborative Agents
snexi@o) Sexi8oxns’

(Autonomy + Cooperation)
(000 HEDG + BHEEIBMOG)

These agents work together with other agents

or users to achieve common goals.

600 BeIBHES 6ee, FOB)E B O @S
BED) G BeIBns 6 SOBQmBS
50®m DD wOED WOB.

They communicate, share information, and
coordinate activities to accomplish tasks that
are too complex or large-scale for individual

agents to handle alone.

28 HeEIEBB0 HBO® wrlddn 6m®d DO
£30BEN 67 DeE OGS DVEES @) SBH®
sex 09 dBemm ©O® BERHDCHEB WO,
eMOROT BRE) ®HBSS IVHEEHS BBRSDODIE
OB,

Ex.

o Smart Home Systems
8OO Henes &S

o Industrial Robotics
BB 6RO

o Search and rescue drones
6308 3 GrWrDe® 6E)® em

Interface Agents
EOQNIMS Beni8ncs

(Autonomy + Learning)
(000 HEDB + EORO)

These agents are designed to interact with
users, often acting as personal assistants or

managing user interfaces.

6®® HeiBmex SHEss O gres
sHBBS SO® gD F) SOAO O &mod,
e@em] JO Hlodm MBS 6 ©M)
sOBED OB DECOMDOLNG BB S
OB,

Ex.

o Siri, Alexa, Google assistant
o Grammarly

o Customer support chatbots

20

Collaborative Learning Agents
008 9emwxn® SBeni8wes’

(Cooperation + Learning)
(9eEIBMOB + ge®RO)

These agents work together with other agents
or humans to support learning, share
knowledge, and improve performance over

time.

600 BenIBH0Es 9emBHOD e DB, crn®
6Re) GRBD 5’ MIRGS BO® VG MG
8 Ergn BOOD gonps BenIBmes ©®)
BB O® DO DOED OB

Ex.

o Intelligent Tutoring Systems(ITS)
REDOS @ursDed® SERS

o Decision Support Agents
BOH 36 BeiBmnS

Hybrid Agents
ecus Bexi8onns

This broad category encompasses agents that
combine two or more of the primary attributes,
leading to various specific types like mobile
deliberative collaborative agents or static
reactive collaborative agents.

600 3OC GO OB WENO® GEWDE GMJ
8 @ TRERD mO® BerIBDGS GFrRes
D® g, DOBS Ho®® eIBHOG E596EIE
BeEIBDES 6m) 588 BOBB eweri@om
BeiBons 8 580 dexndn e @D O0®
ene.
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Multi-Agent Systems (MAS)
Ry-Bexi8o &8

A system composed of multiple interacting

agents.
8 SOV D BeIBHrNe®s OB D
S5EBGEES.

These agents can be software-based, robotic or

mix of both.
6®® BeHEIBHGS BIgo® NED, 6N6RI ©M)
6cemB® DD Bn weEs.

MAS is used to solve complex problems that are
difficult for a single system or agent to handle

due to scale, distribution, or diversity of tasks.
D@, OSBBK 693 DVEERS BBSOG
6BNEDS DB SEABGDO 6] SeiBmecnO
®eEOODBD sy 5oSHE OO Bes@®0 MAS
O OE.

Characteristics of Multi-Agent Systems
RD-Bexi8n o080 e

e Autonomy
8800 DG

Each agent operates independently without
direct intervention from others, controlling
its own actions and internal state.

6z2® BeiBmecn® &%  gne®  e3ag)
BEHBDODS 6tMOD NN FEHIDO® O
g0, DO ) 6 FOHIBDO DHBOG
BNEDG WOGB.

Ex

In an E-commerce system, buyer agents,
seller agents, recommender agents, and
payment agents all operate independently
without human control.

B-gess e3E0BGD, @er@mdc HeiBSmiies,
Rl ed BB, BYed®
BexiBoBds ©® 6600 SBeiBmnS ©®
B0 BB NGRS 60D DD
Sosewn 68.
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Local View
edBx cr®

No single agent has a complete global view

of the system.
2080 BERe 58bEn 6mIBG crdn SBe
HeniBmenpd 6)®0.

Knowledge is decentralized.
crn® DBs®D O &T.

Ex.

Each agent only knows its part: seller agents
know their stock, buyer agents know their
needs, and payment agents know the
transaction details. Together, they make the

system work.

2@ BeniBnenn® cxex YN0 e
et oOH: Bp@d@wmirds 56
e®E BERe BB, GrBwdds S
gOms) BB, &’ 6mI® BewIBSneS
oxecy 3o eHB. DD, DS s
Horss@w ®O8B.

Decentralization
ez S5O

There is no single point of control.
D5 0D QEBBEE 6B,

Decision-making is
agents.

BO# B® BeiBmnS amd ey ®wdey
Q@oel.

distributed among

Ex.

No single agent controls everything. Buyer,
seller, recommender, and payment systems
each manage their own role but connect to

complete the transaction.

5 SeiBnenn BedR eNEMB 6MWOE.
®enB®wde, D@wds, SHecwwds M
6B oS IBE OXHO ©BwwId
SOOI OB DD dHmecHnd e5BetEn
5080 DBemm) BO® BB 6.
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Cooperation and Competition
©®erIBmOG 655 DO®DOBOG

Agents may cooperate (work towards
common goals) or compete (pursue
conflicting goals).

BenIBHBR0 ©®wecinens @O SO0

(6 QD D ) SBO) 6] DO®
OO0 ®eBB (BTOPID 9EDD DR ®tE®).

Ex.

Cooperation

5963EMDG

A buyer agent, payment agent, and seller
agent cooperate so an order can be placed,
paid for, and shipped.

oD@ @) RO, 6mOBO &3t DG 3cdBO
e O B8 “rad@wdc BenIBDHEGN,
6®mS® SewiBmenn €309 ODen®
BeEIBDEGR 56EIOEES DOED OB,

Competition

DO®DODOCG

Multiple seller agents might compete to
offer the best price or fastest delivery for
the same product, and buyer agents pick
the best option.

D® BBeHE®E HEH) 6ME® B 6®3
6D®DBO® 6D @) EBO Y Dpend
BeEIBDES DO® DG D GO, BeRB®wde
BeEIBHES 6me® St 630 OBE.

Interaction / Communication
geSobEE) / xX8ede»e

Agents interact through communication to
coordinate, avoid conflicts, improve
efficiency, share information or negotiate.
£ORBIDOE BBBD, @B BOcwen
@B, DVEDSOMO 8 Ergn SOSO,
emMOROT 6RE) BB M) twwde%) OO
BeIBBRS BeBemn HO®) gL Fd
WOEB.

Ex.
The payment agent communicates

transaction details to confirm the order.
6mB® HeiBmwm atEnd)® o0 SO
B G®HReeH Bl Basedemn woa.
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Adaptability and Flexibility
5OV Be® HBED 65w HO3BB DO

Agents adapt to changes in the
environment and modify their behavior

accordingly.
BeniBoBs sdeded Bedd 6dneind® 5w
cOne3D® ®EdB DD gund gxdbonc 6.

Ex.

If a product goes out of stock, the seller
agent instantly updates availability, and
buyer agents adapt by showing

alternatives.

BBeeHoEn 6mmens b  §Demd,
BDén® BeiBme) Detmd DB (IDSMBD
20n g0, Oradwdc HeniBnBs s
NSTE) ©e3BOE.

Scalability
sH@ ¥ BOE® B0

MAS can handle large-scale problems by
distributing work across agents.

BeniBoBs god OB e6Re) ®wide®s MAS
%0 B sHBEN GO DO BMgn B ®THE.

Ex.

As thousands of new buyers, sellers, and
recommender agents join the e-commerce
platforms daily, the system scales up by
balancing loads and distributing tasks

across servers.

B emwtl OHmHDm O Grndmdides,
Dén@odcds 5w SHedmm HeiBmns &
- DEsnn 68EmDRD dDwwd® 80, sEBG
OB BOBD  eB3He)nmes  ®O®N
IBEES 6RE) OB
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Real-World examples of Multi-Agent Systems
R-Bexi8o &8 sew) 65tz 6™
EOBDOEN

1. Autonomous Driving Cars
S0@oSm Hhd® 6®I0H 6O

An autonomous vehicle is made up of multiple
sub-agents (software and hardware modules),
each responsible for a specific function and

working together to make the vehicle operate.
B30EoSE e ¢ BeiBnts Biesnded
(Bagmo® &% citho® 6NVHER) OO O»
g0, & 60 BeniBnenni® Sudn mGH
BeH) DO8dD @m god DB HdHE HHO
&em) DO DO G wOB.

e Perception Agents
B0HD® Beni8oas’

Cameras, LiDAR, radar, ultrasonic sensors
each act like independent agents,
perceiving different aspects of the
environment.

@3, LIDAR, radar, a8008wm t5068em 5
520 D® esdesde BDD) gom DO®) ®BBes
SN BeIBmns 6@t H) DORB.

e Localization Agents
1B owdsn Bexi8wans

GPS + SLAM modules estimate the car’s
position.

GPS + SLAM e@8@e @308 6ded 8508
goeSe®sin wOG.

GPS (Global Positioning System)

GPS (e®I8x Sann 80e® sE8x)
Satellite-based navigation system that
provides location, speed, and time

information anywhere on Earth.

52086 Do® e BSNWG, 6DDG €5
E 6MOROT 58532 DXTZWD) eDEW E5oENDD
&0,

SLAM (Simultaneous Localization and

Mapping)

SLAM (@8 £5)6&Brmosne om
88c8en 868)

Simultaneously creates a map of the
environment and figure out where the
object is within that map, enabling

autonomous navigation.

DG sBesdel BBn®D SHErénc 6 DO
BB DE O85D 6IDIDE (DD GEIE)
®BBS 3OBoFEB e30N@BEB 5§D OB,
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e Planning Agents
©5ee® Sewni8ons’

Decides routes, lane changes, overtaking

maneuvers.
O®, BoS0r 6O BOS, FHVE) He®
Ee3®6t HOFE OE.

e Control Agents
SE® Bexi8adsS

Throttle, braking, and steering controllers
that execute actions.

808 §ox®m o Throttle, 8%o® e
£3eDP NGBS

e Safety/Emeregncy Agents
o/ HES gdtsd) Seni8mans)

Collision avoidance, emergency braking

systems.
@B DrEro® 5w BHES SDo® SERNS.

Each of these modules are autonomous but
must communicate and coordinate with each

other to achieve the shared goal of safe driving.
600 520 6@VHEOHE BOEEE DD HOBBD
B e50ce® QEImE 3830 @WiS® tem) DB
SO® BBBEDeHE DO HBRDBVDOG DG GRE.
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2. Smart Home Systems
SO BOne &8

nnnnnn

vy
AAAAAAA

TV/SPEAKERS 3 — - T
1 - ——
! | | ¢ n
e | ‘ = ==
o 5 ia v .

..... .w == =
|| B i
g e | B amn

A smart home system can be interpreted as a
multi-agent system because it consists of
multiple autonomous agents (devices) that

work together to manage the home efficiently.
59 HEDBRD DEP®OSG BOO® HeH
DD G @O® Dy BOEHB BB
(Ee0®) DRSS 603D DD Vds grdc Bedd
s80B0en RE-BeniBm oEOSGE et obd
LB WTEDCS.

e Lighting agents
peRinmisn Beni8nnS
Control lights based on occupancy or time
of day.
DG 6m cdetd DD B ©eHd®O
PBERIDG NGB DOB.

e Thermostat agents
25 B3N8 Bexi8oas

Manage heating and cooling based on user

preferences and weather.
DB BeDIES €56 RQHRLEIB O SeHBD
EEE3® 529 BBEHB DEO®OBE OEB.

e Security agents
oD BexiB8oas

Monitor doors, windows, and cameras for
intrusions.

goed6rS g Orgrnd®  Bem
62083, 956m@ 5% DG BBDBEC WOB.

e Appliance agents
50 Beni8nns

Control devices like washing machines or
ovens, sometimes optimizing energy use.
BOE etle® By 68 e DB CNo®

BNEM®G OB, @O 80 RE®ES HDDG &
w3 DORB.
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3. Game NPCs
sdHosmn Fende 83» NPCs

Multiple NPCs (each an agent) interact with
each other and the player to create complex,
dynamic gameplay.

NPCs &B&es CSctatn)] (e52® 66DD®
BenIBHEGS) 5oSHen, ®Bm SO SV

500 e 09 dBemm & HOwe) ©O®
L i) OB,

Agents are the components or modules within
the NPC that make decisions, perceive the
environment, and act.

BeniBoos y NPCs o a8 80 ®Sem,
B30 DO®) DR &5t ) WOD 500D 63
6®BHEE 5.

e Perception Agents
B0HD® Bexi8nes’

Observes the environment.
2306300 BHeEc OE.

Ex.

o Seeing the player enter the room.
i ®OGO grd O oG
e®.

o Detecting sound (footsteps, gunfire).
GREE HED B0 (g8 o®d, D8
D).

o Noticing health or resource changes.
395 6] 3858 6D3DB BB
D0®.

e Action/Execution Agents
S§00@be/Forndn B50e® BeniB8nns

Carries out the decisions in the game world.
5t e@imed B HH®m OE.

Ex.

o Moving to a location
BENDEO O.

o Attacking a player or another NPC
Swenmd 683 60 NPC dowd esd
go®.

o Interacting with objects (opening

doors, picking up items).
Deins 6O guod S BVO (660D
DDam HBO, BH® ) @TEO).
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Decision/Reasoning Agent
Bosn/obn B8Be8 BexiB8om

Decides what action to take based on goals and
perception.

QOWD® W oLHBBE B HeHBD ®D G
He@ntmen SO DOEB.

Ex.

o Choosing to attack, flee, or hide.
550 80, 5@ B0 683 ermDOD eI
®TEO.

o Selecting which quest to give a player.
Swmecnmd @) Ex @ ®edsgNn 6D
®THO.

o Deciding patrol paths for guards.
PODBDRE e GO 50800
e Bogn BHL.
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Beyond Von-Neumann Computers
eF-8x0s sO®MOZS DO

The von Neumann architecture is the base
model for today’s computers.

D@ V@D BeH) BBV HDIBG 68
BHOs SHISG 6D.

It uses a single memory for both instructions
and data, which made design and
programming simpler.

DB coectl ©w e n 6cdd o
Oowe P @0®»  gnd §F  odmm
£50@REBDONCG €59 HBERRHE 30 BG.

Central Processing Unit

Control Unit

Output
Device

Input

" Arithmetic/Logic Unit
Device

v

v
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A4

Memory Unit

Limits of von Neumann model
e BreS pwaSed B80S

The growing demand for computing has

pushed the von Neumann model to its limits.
SDDHDDOLGE BEE) OB 6IHEHES YW BN
9BE® 68 BHOS waSn D8 BEHOBO @@
20 eTo.

Modern workloads such as Al, big data, and

scientific ~ simulations  require  massive
processing power, parallel execution, and
energy efficiency, which this traditional

architecture cannot provide.

2a8® REDG, O cvo &5 BeNDOD @RDOEN
S 2P EEs weEn 608 HB®e)in
PABEO  50e5BB 6D O crdisD
&50es® REOD, BPHIBDO red® 6 RGBS
MVEDBOMOD FO®S 68.
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Moore’s Law
Moore’s e& 88

* Microprocessor power doubled every 18
months as more transistors were packed onto
chips.

88 @ b Oberns NIHBBOO goeydc®
DO® DS BEe e D@ DG t5E® @ 18
20 OO ec@em 68.

MOORE’'S LAW
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This trend is slowing because of physical limits
like heat generation, energy consumption, and

size restrictions.

D CTNEDE, DEEBS  demime  e®
&5@8n6d B BB S B@HDS 5t @@
50HMOG BSEEND 6T SO,

Cooling & Energy Costs
88®c 659 DS 800

e Chips get very hot as more transistors are

packed in.
B8 De3EeI00 e5@Enc epeeyde® o BO
Bes 9o cee® 68.

e Cooling needs like fans, liquid cooling, and

immersion add extra cost and power use.
BBe® sowm, b BBemn oo BAIDO &
BBe® gOos) BOBS OO BOOGHD €w
D BDGEE O DOB.

e Heat reduces chip speed, efficiency, and

lifespan.
M3 BOHS Besed 6@, IVEDBOIND €59

PR R &) OB,

Need for alternatives
Bods ocH) ¢O®BOG

These challenges led researchers to explore
new computing models that go beyond the von

Neumann architecture.

6®® gBeri® ©bedemns ®O 6 HHd®
PDABeES VO » O SOOI IS
®edsgnc BSOHOO 6m .
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Quantum Computing
BB sOHELHDG

Quantum computing uses quantum physics to
process information.

DENBOB SDDE®B 6MORNOT O BEH)
DeNBOB 6998 Demd B o) OB,

classical
Quantum computers use qubits, which can
exist in multiple states simultaneously.

Unlike computers (binary 0/1),

&@nOs odoém (E88x 0/1) 68 9D,
DENSBOB sd®ED DwdO By HDODE e5cOSG
et B0 Do) wOE.

Classical Computing

(0]

Quantum Computing

Superposition

Bits are stored either
asaOor1

Qubits can be stored anywhere
asaOandal

This allows exponentially faster computation

than traditional von Neumann computers.
600 N8R 6D BHOS SO@HDORD DN
&0 6808 ®mnme BHBO gb) 3.

Overcomes limitations of modern

MiCroprocessors.
2D DYE WBDEREE BBDS @O BE.
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Applications
ene®

e Cryptography
@SB 6® Bed

e  Optimization

B5@EBOBEG

e Traffic, supply chain, portfolio management
®RBONCS, 500565 &®cs, DE®
DERMDOLVE

e Drug discovery
[QUEIARCD I ROEHON

e Molecular simulations
EERD 5BHWOLN

e Faster model training in Al & ML
Al o) ML 68®ds epmad 5970

Examples

IBM Eagle:
Runs general-purpose quantum programs

faster than normal computers.
®®s  SOOHMDORD OE) 65®mers eI®IDS
BB BeENBOB BrfesDms Hrdm OB,

IBM Osprey
Handles medium-scale quantum experiments
efficiently.
B0s® sBDEE BeNBOB gBwe)  RES

VDB ®egdedE.

Google Sycamore
Solved a problem in 200 seconds that would

take a normal supercomputer 10,000 years.
0@ 880 sd®EDEDO Desd 10,0006 @
®86 S ®OEON D5esd 20088 D
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Nature-Inspired Computing
5wasS gxnesdy sdH®EnD

Refers to a set of computing techniques that are

modeled after processes found in nature.
SONONBBEE DD EeR® BHEOZE end
PaBom O @ Doy BIBo e
BBHEE.

Researchers observe natural phenomena —
such as the behavior of biological systems,
animal colonies, or bird flocks — and develop
algorithms that mimic these patterns to solve

complex computational problems.

sBedemns SOmBm odh SBVedcs OB
80 Demnti@m sE0s, 60 esmese 685 58 Oof)
D@ ®d® 5 00 X@OHG WOBS 3oL
sd@D @00 BeE® se®  grdemdo®
£30DBDE WOE.

These techniques are used to design systems
that can adapt, learn, and optimize in a way

similar to natural organisms.

c®® &BIBe PO SONDm BB OO,
FROboBG BBO, gem®m HTBHRD 5w D) Eren
PO 5t S5E0B BHENEK BBHOO D OB,

Key Nature-Inspired Techniques
Orcms’ §was gxnesdoy 8386 p®

e Swarm Intelligence

08®» JEIx

Al technique based on collective behavior

of swarms like ants, bees, and bird flocks.
0D, B Boedesss 63t 5B Oof) O 58

Do ©OBm ®wiBde o ocxd® g Al
DDBEEE.

Each agent follows simple local rules, but
together they form near-optimal solutions
(e.g., bees collectively selecting a hive).

520 BeriBoenm® 650@ SMNBe B (B©O
0D e OB B8) au®dni OB, HG
D0 DY) oty VYD OB epesd O®EHS
5Gie Beed® el (ceomdsnns 6ees B

Ocelesy  eNPBDO  Denw  emIM
30EBG BTB®).

®DO
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Optimal route planning, simulating crowd
movement, and team building can be
considered as examples for Swarm

Intelligence systems.

G0 V® rE® OO, ©fw DE®G
FHDOLNEG DO 5 NG V@B D&
ez o@® RED® ©e»Hd® 8 oS e
DO 6RE B BTE.

Membrane Computing
80 POHDG

Builds computing models inspired by the

structure and function of living cells.
80 ceeed@ ONHWG 5H HEIMODOG BB
PBNBG @R SO®IND HWD 6ED®E.

Based on how cells are organized into
tissues, organs (like the brain), and colonies
such as bacteria.

s0m DRD, gusEmd gdnd (e@Hen &)
DD &® RWIOE O 39e5eDRD 66E5E
30096 & s epEndc Bm emd® 8 gro.

environment

Used to study parallel computing and
biological information processing.
BESDO SO®LIIDDONE &5t &D DO
GIMOROT 3B SBGHEG BHOO © o
2O8.

ictfromabc.com



Intelligent Communication Systems &

Protocols
RAEHOS ex8edc» LB 5w Be@HDF

Designed by observing how natural
processes (like the spread of epidemics)
occur in populations.

BOOHDGED G SO §ddes
(Beom ©r&HO® &) Bed®  EIde
BDdBdc0 BSOS SH@IFG DO .

These models are used to create faster,
more reliable, and efficient communication
systems and data protocols.

c®® WIS DO, D) DHBDEEIHEW €58
MHEDB®  HBBBeDeHd SEOB 6w e
E0@ndd SHEngncs BHOO ndm) @OGB.

Sensor Networks
0e8e® HRBS

Inspired by human sensory organs that
detect and process signals from the
environment.

eDeB0BEE QIeR®  o(T)  DEIGHED
eSO @D DE HD BB toedem dnd
OB epeNBB QT L.

Used to design interconnected sensors that
monitor surroundings, collect data, and
react intelligently — similar to how eyes,
ears, and skin work together.

&oes, @ 65 58 DD ) O® PO B
BEHHOE DOBME BOHWBLIBG DOD®, D
&6e3 oD 59 RQEDDDD BT DOD GHID
BBORRDD 506D HH@FNn BHOD D)
WOEB.

Learning Classifier Systems
9e®mN® DVLBWOM &S

Inspired by human cognition and learning

processes.
®)0D) £30eHDDG 59 YEHERD HHHOZH®S
ENBBG @RI 6®D .

Combine machine learning and
evolutionary algorithms to classify data,
adapt from feedback, and improve

decision-making over time.

e DVBOME BBHOD, Becsiegn OB
Fndbomne HB0 & MEED ©d®m 6N
®eBe® ®rSOs i) Eugn OO oIy
9e®E® 8329 fSlelonnole FoSemODO
FnREDD 978 OB.

Artificial Immune Systems
DIB0 58RO 08

Modeled after the biological immune
system that detects and eliminates harmful

elements in the body.

Clelelclé) sO5® NBDE BEeOBES
BEIE®D PO @OH QD &O Demsdwm
8EDRDOM EABGEO gud V@G DO
&eeD.

Used in computing to detect anomalies,
prevent security threats, and adaptively
respond to new types of attacks or system
changes.

D@ e ®iS00, MmiBsD DD
OB e O ended &EId 6®)
o808 Oxt3nd® DD gxdbome BB
S5DDHDDOLNEEE D) 68.

SIMULATION OF A COMPUTATIONAL IMMUNE SYSTEM
(29aB® BSOS SENSED EDOSICE)
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