artificial intelligence

noun
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the use or study of computer systems or machines that have some of the qualities
that the human brain has, such as the ability to interpret and produce language in a
way that seems human, recognize or create images, solve problems, and learn from
data supplied to them:
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artificial intelligence noun

1 :the capability of computer systems or algorithms to imitate intelligent human

behavior
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Wilmslow, Cheshire) was a British mathematician and logician who
made major contributions to mathematics, cryptanalysis, logic,
philosophy, and mathematical biology and also to the new areas later
named computer science, cognitive science, artificial intelligence, and
kartificial life.

/Alan Turing (born June 23, 1912, London, England—died June 7, 1954,
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Enigma Wiring Diagram
Example of A Encoding to H

Left Middle Right Entry
Reflector Rotor Rotor Rotor Drum
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28 Now, this is predictable.
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3.1 Early Foundations (Pre-1950s)

The histoncal development of artihecial intelligence
(Al) goes back centunies betore its ofticial birth n the
1950s. (Margus et al., 2014). The first foundations
accept contributions from philosophers hike Anstotle
and mathematicians such as Bayes and Boole (Chang,
2020). In the 20th century, an important development
15 mentioned, with the key works of Alan Tunng n
1950 and Isaac Asimov's Science Fiction mspinng
concepts Al (Molm & Marwala, 2021). Dartmouth
Summer Research Project about artificial mtelligence
i 1956 meant a fundamental turnover point and
transformed Al from the artistic dream of scientific
reality (McCorduck et al, 1977). Early challenges
mcluded limited computer storage space and high
expenses (Molon & Marwala, 2021). The teld
advanced through several epochs, mcluding rule-

based systems and machine learming, with periods of

wonderful increase punctuated with "Al winters”
(Chang, 2020). Nowadays, Al includes wvanous
technologies, mcluding natural language processing,
robotics and deep learming (Molo1 & Marwala, 2021).
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3.2 The Birth af AI (1950s-196100s)

Artificial intelligence (Al) began in the 1950s, with
Alan Tunng's key work establishing the foundation.
(Chang, 2020). The Dartmouth Conference 1n 1956 15
widely considered the official birth of Al, where the
term was comed by John McCarthy (Cordeschi,
2007; Chang, 2020). Early Al development was
mfluenced by both symbolic and connectiomst
approaches, with Warren McCulloch and Walter Pitts
mtroducing the first sequential logic model of a
neuron m 1943 (Mira, 2008). The 1950s saw a shaft
from numencal to symbolic computation, while the
1980s witnessed a resurgence of connectiomism
(Mira, 2008). Despite early challenges such as limited
computer storage and high costs, Al has grown to
embrace different technologies, such as machine
learning, natural language processing and deep
learning (Molon & Marwala, 2021). Field has
experienced periods of rapid growth interspersed with
"Al winters," reflecting its tumultuous development
history (Chang, 2020; Cordeschu, 2007).



[saac Asimov (born January 2, 1920, Petrovichi, Russia—died April 6, 1002, New York, New York, U.S.)

science books for the layperson. He wrote or edited about 500 volumes, of which the most famous are

those in the Foundation and robot series.
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In 1940 Asimov began writing his robot stories (later collected in

I, Robot [1950]). In the 21st century, “positronic” robots operate
according to the Three Laws of Robotics:

1. A robot may not injure a human being, or, through inaction, allow a
human being to come to harm;

2. a robot must obey the orders given it by human beings except where
such orders would conflict with the First Law; and

2. a robot must protect its own existence as long as such protection
does not conflict with the First or Second Laws.
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Des robots a l'intelligence artificielle, de l'ordinateur a Internet,
I'écrivain de science-fiction a laissé derriére lui une oeuvre visionnaire,
ayant anticipé, 50 ans avant tout le monde, nombre des évolutions
technologiques de notre temps.

Un prophéte Asimov 7 Un devin ? Peu d'auteurs de science-fiction ont dépeint avec autant de
précision le futur. Né en 1922, Isaac Asimov est encore considéré comme l'un des plus grands
auteurs de science-fiction, a la fois en raison de ses romans et nouvelles consacrés aux robots,
qui mettaient en scéne, bien avant leur existence concréte, les problématiques que poserait
I'intelligence artificielle, mais également en raison de son grand cycle de roman Fondation,

ayant remporté en 1966 I'unique prix Hugo de science-fiction de “Meilleure série de tous les
temps”.
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3 BN Sophia s & famale-presenting social iumanaid robof developed in 2016 by the
8 B riong Kong-besed company Fenson Rob&tics.mSophiawasactivaledonM
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E' South by Southwest (SXSW) in Austin, Texas, United Siaes Saphia was
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Artificial Intelligence in Robotics WHAT IS ROBOTICS?

Last Updated : 17 Nov, 2025 < D &

Artificial Intelligence (Al) in robotics represents one of the most transformative technological
revolutions of the modern age. By combining the mechanical precision of robots with the

cognitive power of Al, we are witnessing machines that can perceive, learn, decide and

act autonomously. Unlike traditional programmed robots that follow fixed instructions, Al-

STRUCTURE ssnsons ACTUATORS
powered robots can adapt to new situations, analyze data in real-time and make intelligent $ a “_ |
decisions. This integration is driving massive progress across industries like manufacturing, Tha feseore, wiresls, 'tsc;fnn;;ss like | Itsmuscles”
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Artificial Intelligence - Computers
with the ability to reason as humans

Machine Learning —
Computers with the ability to

learn without being explicitly
programed

Deep Learning —
Network capable of
adapting itself to new
data




1. Machine Learning (ML)

Machine Learning enables robots to learn from data and experiences rather than relying solely

on hard-coded instructions. It allows robots to identify patterns, make predictions and

continuously refine their behavior.

* Working: ML algorithms process large datasets from sensors and cameras to detect trends

and make data-driven decisions. Robots use reinforcement learning to improve their

movements and tasks through trial and error and supervised or unsupervised learning to

recognize objects and optimize actions.

* Applications: Autonomous navigation, robotic arms learning optimized movement paths,

predictive maintenance in industrial systems and warehouse automation robots improving

efficiency over time.

. . . Creation of machines with the
Artificial Intelligence ability to mimic human

intelligence

Enables machines to “learn”
from data without being
explicitly programmed

Machine Learning

Uses artificial neural networks
Deep Learning to train models on large
amounts of data
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the process of computers improving their own ability to carry out
tasks by analysing new data, without a human needing to give

instructions in the form of a program, or the study of creating and
using computer systems that can do this:

a complete way of learning something that means you fully
understand it and will not forget it:

a type of machine learning (= the process of computers improving

their own ability to perform tasks by analysing new data) that
uses many layers of data processing:
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3. Natural Language Processing (NLP)

MLP allows robots to understand, interpret and generate human language, making human-robot Satursilanguage Progsssing

interaction natural and intuitive. It bridges the communication gap between humans and

Explore NLP applications
across industries

machines. a

¢ Working: NLP models convert speech or text into structured data using techniques like rtarectNLe B O

g = Address challenges and
limitations of NLP

tokenization, sentiment analysis and intent recognition. Robots interpret this information to
respond, execute commands or hold conversations.
¢ Applications: Service robots in hotels or airports, personal assistants like Alexa or Siri and

medical robots that understand voice instructions from healthcare professionals.
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6. Deep Learning and Neural Networks

Deep Learning uses multi-layered neural networks to mimic human brain functionality, allowing

robots to process complex data such as images, audio and motion patterns with exceptional
accuracy.

* Working: Neural networks are trained on large datasets to automatically extract features and
identify patterns. Robots use deep learning for perception, gesture detection, emotion
recognition and predictive behavior modeling.

¢ Applications: Facial recognition systems, gesture-based robotic control, predictive

maintenance in factories and decision-making in autonomous systems.
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The phrase “The Turing Test” 1s most properly used to refer to a proposal made by Turing (1950) as
a way of dealing with the question whether machines can think. According to Turing, the question
whether machines can think 1s itself “too meamingless™ to deserve discussion (442). However, if we
consider the more precise—and somehow related—question whether a digital computer can do well
n a certain kind of game that Turing describes (“The Imitation Game™), then—at least in Turing’s
eves—we do have a question that admits of precise discussion. Moreover, as we shall see. Turing
himself thought that 1t would not be too long before we did have digital computers that could “do
well” m the Imitation Game.

%’ Stanford Encyclopedia of Philosophy

The phrase “The Turing Test” 15 sometimes used more generally to refer to some kinds of
behavioural tests for the presence of mind, or thought, or mntelligence in putatively minded entities.
So, for example, 1t 1s sometunes suggested that The Turing Test 1s prefigured in Descartes’
Discourse on the Method. (Copeland (2000:527) finds an anticipation of the test in the 1668
writings of the Cartesian de Cordemoy. Abramson (2011a) presents archival evidence that Turing
was aware of Descartes” language test at the time that he wrote his 1950 paper. Gunderson (1964)
provides an early instance of those who find that Turing’s work 1s foreshadowed in the work of
Descartes.)
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The phrase “The Turtng Test” 1 also sometimes used o refer to certan kunds of purely behaviouse
allegedly Loggeally sufictent conditons for the presence of mund, or thouglt. or ntelgence n

outatvely tinded enttes. So,for example, Ned Block's “Blockhead” thought experment s often
s f be a (putatve) knockdown obyection o The Turng Test (Block (1981) contems a direct

ciscusston of The Turmmo Test m thus context) Here, what a proponent o this view has 1 mind s
he 1dea hat 1 logtally possble for am ety to passthe kunds o ests hat Descarts and (af leas
alecely) Tutno have 0 sumd—4o use words (and, perhaps, o act) n just the kund of way tha
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.

o Aima g5l () 3 LI Ul "y 5 55 SLia)" mllaina adding
o) Jall 3 5a ol Uhaic 4818 Leil e 30 Al dial) 48 5Ll dag 00
Jires And e dllia Leil (o yiah i) LS sal £1S3) f Sal
Lol i) 38 o gy il A a1 g€l A jas of Wlle JU& «JUal)
(1981) &l sl QLSS (aaly) iy 58 HLia) e 15 (L i)
118 53350 odaly Lo clin (Blaall 138 3 iy ) 5 HLARY | 5dle LAS
g5l L JlaS Sliag of Lailaia ¢y Saall (e 4l 35S0 5 (1 1)
o (Loala JBY) e iy 58 5) < S Leana g ) il jLsay)
= Ay Hhally (Gl Ly 5) il aladi ) gl - aa jlic)
(Jial Gllien ot 5 colSA LGLas 138 ()5S @b pag - il Lgadiiing

Ay () e




1. Turing (1950) and the Imitation Game

Turing (1950) describes the following kind of game  Suppose that we have a person, a machine and
an interrogator. The interrogator 1s in a room separated from the other person and the machine. The
object of the game 1s for the mterrogator to determine which of the other two 1s the person, and
which 1s the machine. The interrogator knows the other person and the machine by the labels “X”
and ‘¥"—but, at least at the beginning of the game. does not know which of the other person and the
machine 1s “X"—and at the end of the game says erther "X 1s the person and ¥ 1s the machine’ or “X
1s the machine and ¥ 1s the person’. The interrogator 1s allowed to put questions to the person and
the machine of the following kind: “Will X please tell me whether X plays chess?” Whichever of the
machine and the other person 1s X must answer questions that are addressed to X" The object of the
machine 1s to try to cause the interrogator to mistakenly conclude that the machine 1s the other
person; the object of the other person 1s to try to help the interrogator to correctly identify the

machine. About this game. Turing (1950) says:

[ belteve that n about fifty years time it will be possible to programme computers, with a
storage capacity of about 10°, to make them play the imitation game so well that an average
nferrogator will not have more than 70 percent chance of making the right 1denfrfication affer
five minutes of questioning. ... T believe that at the end of the cenfury the use of words and
ceneral educated opinion will have altered so much that one will be able to speak of machimes

thinking without expectng to be contradicted.
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There are af least two kinds of questions that can be rassed about Turtng’s pradictions concerning
his Imitation Game. First, there are empirical questions, e.g., Is 1t true that we now—or will soon—
have made computers that can play the mitation game so well that an average nferrogator has no
more than a 70 percent chance of making the right 1dentification after five munutes of questioning?
Second, there are conceptual questions, e.g., Is 1t true that, 1f an average merrogator had no more
than a 70 percent chance of making the night 1dentrfication after frve minutes of questioning, we

should conclude that the machine exhibits some level of thought, or mtelligence, or mentality?

There 15 hiftle doubt that Turing would have been disappointed by the state of play at the end of the
twentieth century. Participants in the Loebner Prize Competition—an annual event in which
computer programmes are submutted to the Turing Test— had come nowhere near the standard that
Turing envisaged. A quick look at the transcripts of the participants for the preceding decade reveals
that the entered programs were all easily detected by a range of not-very-subtle lines of questioning.
Moreover, major players in the field regularly claimed that the Loebner Prize Competition was an
embarrassment precisely because we were still so far from having a computer programme that could
carry out a decent conversation for a pertod of five minutes—see, for example, Shieber (1994). It
was widely conceded on all sides that the programs entered in the Loebner Prize Competition were
designed solely with the aim of winming the minor prize of best competitor for the year, with no
thought that the embodied strategies would actually yield something capable of passing the Turing
Test.
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At the end of the second decade of the twenty-first century, 1t 1s unclear how much has changed. On
the one hand, there have been interesting developments in language generators. In particular, the
release of Open Al's GPT-3 (Brown, et al. 2020, Other Internet Resources) has prompted a flurry of
excitement. GPT-3 1s quite good at generating fiction, poetry, press releases, code, music, jokes,
technical manuals, and news articles. Perhaps, as Chalmers speculates (2020, Other Internet
Resources), GPT-3 “suggests a potential mindless path to artificial general mtelligence™. But, of
course, GPT-3 1s not close to passing the Turing Test: GPT-3 neither perceives nor acts, and 1t 15, at
best, highly contentious whether it 15 a site of understanding. What remains to be seen 1s whether,
within the next couple of generations of language generators — GPT-4 or GPT-5 — we have
something that can be linked to perceptual inputs and behavioural outputs mn a way that does
produce something capable of passing the Turing Test. (For further discussion, see Floridi and
Chiriatti (2020).)

On the other hand, as. for example, Floridi (2008) complains, there are other ways in which
progress has been frustratingly slow. In 2014, claims emerged that, because the computer program
Eugene Goostman had fooled 33% of judges in the Turing Test 2014 competition, 1t had “passed the
Turing Test”. But there have been other one-off competitions in which similar results have been
achieved. Back in 1991, PC Therapist had 50% of judges fooled. And, in a 2011 demonstration,
Cleverbot had an even higher success rate. In all three of these cases, the size of the trial was very
small, and the result was not reliably projectible: in no case were there strong grounds for holding
that an average interrogator had no more than a 70% chance of making the right determination

about the relevant program after five minutes of questioning. Moreover—and much more
importantly:

we must distinguish between the test the Turing proposed, and the particular
prediction that he made about how things would be by the end of the twentieth century. The
percentage chance of making the correct identification, the time interval over which the test takes
place. and the number of conversational exchanges required are all adjustable parameters in the
Test, despite the fact that they are fixed in the particular prediction that Turing made. Even if Turing
was very far out in the prediction that he made about how things would be by the end of the
twentieth century, it remains possible that the test that he proposes i1s a good one. However, before
one can endorse the suggestion that the Turing Test 1s good, there are various objections that ought
to be addressed.
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On the other hand, as, for example, Floridi (2008) complains, there are other ways in which
progress has been frustratingly slow. In 2014, claims emerged that, because the computer program
Eugene Goostman had fooled 33% of judges in the Turing Test 2014 competition, it had “passed the
Turing Test”. But there have been other one-off competitions in which similar results have been
achieved. Back 1n 1991, PC Therapist had 50% of judges fooled. And, in a 2011 demonstration,
Cleverbot had an even higher success rate. In all three of these cases, the size of the trial was very
small, and the result was not reliably projectible: in no case were there strong grounds for holding
that an average interrogator had no more than a 70% chance of making the right determination
about the relevant program after five minutes of questioning. Moreover—and much more
importantly—we must distinguish between the test the Turing proposed, and the particular
prediction that he made about how things would be by the end of the twentieth century. The
percentage chance of making the correct identification, the time interval over which the test takes
place, and the number of conversational exchanges required are all adjustable parameters in the
Test, despite the fact that they are fixed in the particular prediction that Turing made. Even if Turing
was very far out in the prediction that he made about how things would be by the end of the
twentieth century, it remains possible that the test that he proposes 1s a good one. However, before
one can endorse the suggestion that the Turing Test 1s good, there are various objections that ought
to be addressed.
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6. The Chinese Room

There are many different objections to The Turing Test which have surfaced in the literature during
the past fifty yvears, but which we have not yet discussed. We cannot hope to canvass all of these
objections here. However, there is one argument—=Searle’s “Chinese Room™ argument—that is
mentioned so often in connection with the Turing Test that we feel obliged to end with some
discussion of 1t

In Minds, Brains and Programs and elsewhere, John Searle argues against the claim that
“appropriately programmed computers literally have cognitive states” (64). Clearly enough, Searle
1s here disagreeing with Turing’s claim that an appropriately programmed computer could think.
There is much that is controversial about Searle’s argument; we shall just consider one way of
understanding what 1t 1s that he 1s arguing for.

The basic structure of Searle’s argument 15 very well known. We can imagine a “hand simulation™
of an intelligent agent—in the case described, a speaker of a Chinese language—in circumstances in
which we might well be very reluctant to allow that there 1s any appropriate intelligence lying
behind the simulated behavior. (Thus, what we are invited to suppose is a logical possibility is not
so very different from what Block mvites us to suppose 1s a logical possibility. However, the
argument that Searle goes on to develop 1s rather different from the argpument that Block defends.)
Moreover—and this 1s really the key pomt for Searle’s argument—the “hand simulation™ in
question is, in all relevant respects, simply a special kind of digital computation. So, there is a
possible world—doubtless one quite remote from the actual world—in which a digital computer
simulates intelligence but i1 which the digital computer does not itself possess intelligence. But, if
we consider any digital computer in the actual world, it will not differ from the computer in that
remote possible world in any way which could make it the case that the computer in the actual
world 1s more intelligent than the computer 1n that remote possible world. Given that we agree that
the “hand simulating™ computer in the Chinese Roormn is not intelligent. we have no option but to

conclude that digital computers are simply not the kinds of things that can be intelligent.
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So far, the argument that we have described arrives at the conclusion that no appropriately
programmed computer can think. While this conclusion 1s not one that Turing accepted. 1t 1s

important to note that it 1s compatible with the claim that The Turing Test 15 a good test for

intelligence. This 1s because, for all that has been argued, 1t may be that 1t 1s not nomically possible
to provide any “hand simulation” of intelligence (and, in particular, that 1t is not possible to simulate
intelligence using any kind of computer). In order to turn Searle’s argument—at least in the way in

which we have developed it—into an objection to The Turing Test, we need to have some reason for

thinking that 1t 1s at least nomically possible to simulate intelligence using computers. (If 1f 13

nomically impossible to simulate intelligence using computers, then the alleged fact that digital

computers cannot genuinely possess infelligence casts no doubt at all on the usefulness of the

Turing Test, since digital computers are nomically disqualified from the range of cases i which

there 1s mere simulation of ntelligence ) In the absence of reason to believe this, the most that

Searle’s arpument yields 1s an objection to Turing’s confidently held belief that digital computing
machines will one day pass The Turing Test. (Here, as elsewhere, we are supposing that, for any

kind of creature C, there 1s a version of The Turing Test in which C takes the role of the machine in

the specific test that Turing describes. This general format for testing for the presence of
intelligence would not necessarily be undermined by the success of Searle’s Chinese Room

argument.)
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There are vartous responses that might be made to the argument that we have attributed to Searle.
One kind of response 15 to dispute the clam that there 15 no melligence present m the case of the
Chinese Room. (Suppose that the “hand simulation” 15 embedded m a robot that 15 equipped with
appropriate sensors, etc. Suppose, further, that the “hand stmmlation™ mvolves updatme the process
of “hand smulation ” efc. If enoush detals of this kind are added, then 1t becomes quite unclear
whether we do want to say that we still haven't deseribed an mtelligent system ) Another kind of
response 15 to dispute the claim that digttal eomputers 1n the actual world could not be relevantly

different from the system that operates n the Chinese Room tn that remote possible world. (If we
suppose that the core of the Chinese Room 15 a kind of giant look-up table, then 1t may well be

mportant o note that digital computers in the acual world do not work with look-up tables n that
kind of way ) Doubtless there are other posstble lines of response as well. However, 1t would take ug

out of our way to try to take this discusston further. (One good place to look for further discussion
of these matters 1 Braddon-Mitchell and Jackson (1996).)
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“In just the last five or 10 years, machine learning has become a critical way, arguably the
most important way, most parts of Al are done,” said MIT Sloan professor

Thomas W. Malone, the founding director of the MIT Center for Collective Intelligence.

“So that's why some people use the terms Al and machine learning almost as synonymous ...

most of the current advances in Al have involved machine learning.”
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Machine learning is one way to use Al It was defined in the 1950s by Al pioneer Arthur _ ‘\_’L’ —d w‘ ) ‘
Samuel as “the field of study that gives computers the ability to learn without explicitly _

being programmed.”




The definition holds true, according to Mikey Shulman, alecturer at MIT Sloan and head of

machine learning at Kensho, which specializes in artificial intelligence for the finance and

U.S. intelligence communities. He compared the traditional way of programming computers,
or “software 1.0,” to baking, where a recipe calls for precise amounts of ingredients and tells
the baker to mix for an exact amount of time. Traditional programming similarly requires

creating detailed instructions for the computer to follow.
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But in some cases, writing a program for the machine to follow is time-consuming or

impossible, such as training a computer to recognize pictures of different people. While

humans can do this task easily, it's difficult to tell a computer how to do it. Machine learning

takes the approach of letting computers learn to program themselves through experience.
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What is

Machine Learning?
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Supervised Machine Learning

Model is trained using labeled data and pre-processed
to predict outcomes and classify data accurately.
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3 Types of Machine Learning
(Every Data Scentist Showud Knosa)
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In some cases, machine learning can gain
insight or automate decision-making in
cases where humans would not be able to
Madry said. “It may not only be more
efficient and less costly to have an algoritt
do this, but sometimes humans just literal
are not able to do it” he said.
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Google search is an example of something
that humans can do, but never at the scale
and speed at which the Google models are
able to show potential answers every time a
person types in a query, Malone said. “That’s
not an example of computers putting people
out of work. It's an example of computers
doing things that would not have been
remotely economically feasible if they had to
be done by humans.”
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ALLOWS ROBOTS TO UNDERSTAND AND RESPOND TO - COMBINES DATA FROM LIDAR, CAMERAS, AND OTHER
SPOKEN OR WRITTEN COMMANDS IN HUMAN-ROBOT SENSORS TO ENABLE NAVIGATION AND MAPPING IN
INTERACTION. WAREHOUSES AND FACTORIES
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HOW Al IS SUPPORTING ROBOTICS

ps://ifr.org/ifr-press-releases/news/position-paper-on-ai-in-robotics
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robotics, design, construction, and use of machines (robots) to

perform tasks done traditionally by human beings. Robots are
widely used in such industries as automobile manufacture to
perform simple repetitive tasks, and in industries where work must

of robotics involve artificial intelligence; robots may be equipped

with the equivalent of human senses such as vision, touch, and
the ability to sense temperature. Some are even capable of simple

decision making, and current robotics research is geared toward

devising robots with a degree of self-sufficiency that will permit

Today’s industrial robots do not resemble human beings; a robot

1n human form 1s called an android.
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J apanese roboticist Masahiro Mori proposed that as human

the object, giving rise to the phenomenon called the "uncanny

valley." According to this theory, when the artificial likeness nears
total accuracy, affinity drops dramatically and is replaced by a
feeling of eeriness or uncanniness. Affinity then rises again when
true human likeness—resembling a living person—is reached. This
sudden decrease and increase caused by the feeling of uncanniness

creates a “valley” in the level of affinity.
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artificial intelligence (AI), the ability of a digital computer or computer-controlled robot to perform
tasks commonly associated with intelligent beings. The term is frequently applied to the project of
reason, discover meaning, generalize, or learn from past experience. Since their development in the 1940s,

digital computers have been programmed to carry out very complex tasks—such as discovering proofs for

mathematical theorems or playing chess—with great proficiency. Despite continuing advances in computer
processing speed and memory capacity, there are as yet no programs that can match full human flexibility
over wider domains or in tasks requiring much everyday knowledge. On the other hand, some programs

have attained the performance levels of human experts and professionals in executing certain specific
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What is intelligence?

All but the simplest human behavior is ascribed to intelligence,
while even the most complicated insect behavior is usually not
taken as an indication of intelligence. What is the difference?
Consider the behavior of the digger wasp, Sphex ichneumoneus.

When the female wasp returns to her burrow with food, she first

burrow, and only then, if the coast is clear, carries her food inside.

The real nature of the wasp’s instinctual behavior is revealed if the food is moved a few inches away from

the entrance to her burrow while she is inside: on emerging, she will repeat the whole procedure as often as
the food is displaced. Intelligence—conspicuously absent in the case of the wasp—must include the ability

to adapt to new circumstances.

Psychologists generally characterize human intelligence not by just one trait but by the combination of

many diverse abilities. Research in Al has focused chiefly on the following components of intelligence:

learning, reasoning, problem solving, perception, and using language.
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Learning

There are a number of different forms of learning as applied to artificial intelligence. The simplest is
learning by trial and error. For example, a simple computer program for solving mate-in-one chess
problems might try moves at random until mate is found. The program might then store the solution with
the position so that, the next time the computer encountered the same position, it would recall the

solution. This simple memorizing of ndividual items and procedures—known as rote learning—is

example, a program that learns the past tense of regular English verbs by rote will not be able to produce
the past tense of a word such as jump unless the program was previously presented with jumped, whereas
aprogram that is able to generalize can learn the “add -ed” rule for regular verbs ending in a consonant

and so form the past tense of jumyp on the basis of experience with similar verbs.
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Visual Computing
Module

Camera Module

Degrees
Freedom
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Find a path from A to E.

Frontier

(il w5 AY) Jaai
e Start with a frontier that Initial state Caa] R 3 gaal) @ |
* Repeat el Y 5 dall

e |f the frontier is emj lution cwj-‘s :j:'j&‘ ZA(EN &=

e Remove a node frot bl (e o Baiall

* |f node contains go the solution k Jall A\ATJ\ /

® E’i(?‘(”‘t1 nogae
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Revised Approach
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Breadth-First Search
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Depth-First Search
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Breadth First Traversal (BFT)

BFT

current queue
F <------- >R
A

A BCD

B CDEF

C DEF

D EFG

E F G

F G

G
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Depth First Traversal (DFT)

DFT

current Stack
---->Top
A

A B C D

D B C G

G B C

C B

B E F
E

m
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path S S— >R

[S] | [S,A] [S,B] [S,D]
[5,A] [ [5B] [5D] [5,AQ]

[S,;B] | [S,D] [S,A,C] [S.B,D]

[S,D] | [S,AC] [S.B,D] [S,D,G]

[5,A,C | (S&D] [s,0,6] [S,ACD] [S,ACG]
S "

B [S; D,G] skip (because it's

already visited)




DFS

S->D-->G

current stack
----- >top
[S]

[S] [S,A] [S,B]

[5,D] | [S,A] [S,B]

[S,D,G]




DFS

current stack

[S]
[S] |[|Is,B] [S.D] [S,A] not in alphabetic order

[5,A] | [5,8] [S,D] [S,AC]
[S,ACl | [s,B] [5,D] |[S,A,C,G] [S,A,C,D]
[S,A,C,D] | [5B] [5D] [5ACG] [s,A,CD,G]

not in alphabetic order

S->A->C->D->G [ — [5,A.C,D,G]




A\l
Cgmlall agle A bl JSLa (5 85 aal aal Graph () asl) a2
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we can write/ignore this (both are OK)




def bfs(graph, start, goal):

. S =
visited = [] Wl i g il pall S A
5 |queue = [[start]] Aol adass BES '‘B*:
«* |while queue: \\ '’

Awld Path = Aunana nond o / queue -
—— Sl e - PR a1 D'
ok | node = path[-1] [ uw%“u99°¢asd3‘céj‘] e

if node in visited: |
Tl L6 3 Lgnm N }

continue [

Lele & 3UaY) &5

visited.append(node)

if node == goal: [ A sOa gl & 05 Ja

return path aagll

gelse:

adjacent _nodes = graphsget(node, [])

for node2 in adjacent nodes:
new path = path.copy()
new_path.append(node2)

§->D->G |~
queue.append(ﬂif:ﬁifﬁi///' gl ddasy S
solution = bfs(graph, 'S—6) | e i
print('Solution 1s', Lon)
Solution is ['S', 'D", 'G'] Banall 484

[SA [S8] [S0]
S 150] [SAC

50] [SAC] [SBD)

SAC 580] [50,6]

53251 506] SACO] SACE)

skip (because ifs
already visited)




Breadth-First Search (BFS)

def bfs(graph, start, goal):
visited = []
queue = [[start]]
while queue:
path = queue.pop(©)
node = path[-1]
if node in visited:
continue
visited. append(node)
if node == goal:
return path
else:
adjacent nodes = graph.get(node, [])
for node2 in adjacent nodes:
new path = path.copy()
new path.append(node2)
queue.append(new _path)

solution = bfs(graph, 's’, 'G")
print( 'solution is’, solution)

Solution is ['S", "D, "'G"]



Depth-First Search (DFS)

def dfs(graph, start, goal):
visited = []
stack = [[start]]
while stack:
path = stack.pop()
node = path[-1]
if node in visited:
continue
visited. append(node)
if node == goal:
return path
else:
adjacent nodes = graph.get(node, [])
for node2 in adjacent nodes:
new path = path.copy()
new path.append{node2)
stack.append(new path)

solution = dfs(graph, 's', "'G")
print({'solution is', solution)

solution is ['s", 'A', 'Cc', 'D', 'G']



Uniform Cost Search

*Use a priority queue (least cost first)
*Pop the element with least cost

*If two elements have the same cost, use alphabetic order

current priority queue
[S]
0)
[S] [S,A]l [S,B] [S,D]
(0) @2 3 ©®)
[S,A] [S.B] [S,D] [S,A,C]
@) (3) (3) (6)
[S,B] [S.D] [S,A.C] [S.B,D]
(3) 5) (6 (7
[S,D] [S,A,C] [S,B,D] [S.D,G]
(5) (6) (7 (10)
Cost:2+4+2 =8
\ [S.A.C.G] SKIp skip

(already visited) (already visited)



Implementation (Code)

Uniform Cost Search

Graph

graph = {
st [('AY, 2), (BT, 3), (DY, 5)],
AT [(CT, 4)],
‘B [('DY, 4)],
Cr [('DY, 1), (67, 2)],
‘D [('GY, 5)],
#'c"': []

]

we can write/ignore this (both
are OK)




Helper function: Path cost

Calculate the total cost of a path

def path cost(path):
total cost = @
for (node, cost) in path:
total cost += cost
return total cost

We will sort queue items
based on total_cost




Helper function: Path cost

Calculate the total cost of a path

def path cost(path):
total cost = @
for (node, cost) in path:
total cost += cost
return total cost, path[-1][@]

We will sort queue If two items have the same
items based on total_cost, then sort by
total cost node name (alphabetically)




