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ved 1(H) [3 3jel]

2] terms Al caivil 2A414l: (1) Artificial Intelligence (2) Expert System.

SdIGH:
Term vl
Artificial Al i computer science -l 2is 2l1uil & % idl machines 6i-1d & ¥ A1HI= 2d HI4d 6ffg]

Intelligence %32 usdi siaii s3] 215 ©, ¥4 5 learning, reasoning 4 problem-solving.

Expert Expert system 4 2is computer program £ % knowledge 44 inference rules i Guaio|
System 5314 AAd] problems solve s2 © SHi dHI= 2ld AissA &ixHi HI4d expertise -l ¥32 US ©.

e Al 4l [GiNdidAl: Learning, reasoning, perception

e Expert system I &iIdli: Knowledge base, inference engine

443 gls: "Al 2ilui ©, Expert ddie 3414 8"

ved 1(6l) [4 d1er]

Biological Neural Network 14 Artificial Neural Network -l aiuiiyeil s2i.

¥dIGi:
vy Biological Neural Network Artificial Neural Network
Processing Parallel processing Sequential/parallel processing
%Sy ¢l (milliseconds) 254l (nanoseconds)
eiluq dd 2ilug Batch/online learning
Storage [ddRd storage s[~<a storage

e Biological: ¥[2d, fault-tolerant, 2d-ygiRell s2 &

e Artificial: 120, dissa, programmable

H4u3l 2ls: "Bio sl2d ©, Al 420 &"

sed 1(s) [7 2[el]
Al 41 usIRi d-l applications 12l 44dl.

¥YAdIGL:
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Al 4l UsIR
Narrow Al
General Al

Super Al
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(3
geid

Jissd siAl 412 design s2d Al

Applications

HI49 2d] intelligence giail Al e el uid 2l
4l4d intelligence sadi a¢iR Al Agilds [defigAl
Al

Narrow

/

Siri,

I

Voice assistants, recommendation systems

General Super
™ : ,
Netflix Y49 2dR-1 SRI Hid Intelligence s2di

° élc-lj focus: Narrow Al 11%1 applications U2 4e{cd €R1d 8

o cifdrad dga: General Al 4 yjz(eid 2ld Ui s2q

43l gls: "sd Narrow, daa General, Super s2Heil"

yed 1(s) 1adi [7 del]

Al ethics 34 limitations 24di.

¥YAdIGL:

Ethics 4 u13j
Privacy

Bias
Transparency

Accountability

HATEIAIL:

gl

cfsdolid data 244 user information -l ¥j2ai1
([Afce gariui [sugidi fH(2id sedl

Al [Aeiaid 2med] 1Sl ddl Gididal

Al actions HI2 ¥dIGi€lZ] 4sS] s2d

o Data dependency: Hi2l, 2jiddidin datasets -l %32

e Computational power: Higui» processing resources -l %32

e Creativity i aId: Ui2uiR Hilds concepts Gi-1d] 21sd il

43 gls: "Privacy, Bias, Transparency, Accountability”

yed 2(A) [3 dei]
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2] terms Al a1l 2414l: (1) Well posed Learning Problem (2) Machine Learning.

SdIGI:
Term (I OT
Well posed N ) S . N N
L . s learning problem Mi aux 2ld cuiwiifid task (T), performance measure (P), 24
earning _ R . ) . « s
experience (E) slJ 1l experience ¥12l performance ¢iR €.
Problem P P P E
Machine Al Hi ¥is @121 ¥ computers 4 experience 2/l AIMIAN 2iluid] A4 Jel1d] HI2 U&H 6iHId
Learning ®, 2w 2ld program sai 9212,

e Well posed formula: T + P + E = Learning

e ML Hi gIJ€i: Data il AUIRAI IR

43l gls: "Task, Performance, Experience"

yed 2(Gl) [4 d1er]

Reinforcement Learning dui Guaidl adi terms 12 Axdl.

SdIGi:
Term qeid
Agent elluiHi2 viaal (ARl d-1R
Environment ¥ g[Hami agent siH s2 ©
Action €25 state Hi agent g s3l 215 &
State Agent - ¢id-l [aifd
Reward Environment desail feedback

Action —> Environment .

State

Agent

Reward

e 2iludi-l wl1: Trial and error approach

* @& 5d reward 9eiRY
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443 gls: "Agent s2 ®, Environment State 244 Reward 2114 8"

ved 2(s) [7 yel]

Supervised, Unsupervised 24 Reinforcement Learning -l 4uiiueil s2i.

¥dIGI:
vy Supervised Unsupervised Reinforcement
Data Labeled data Unlabeled data Interactive data
dad Output predict s29 Patterns elgdi Reward dgig
Feedback dad sigf 4] [dcloid
Gelgrell Classification Clustering Game playing

e Supervised: [2igis-Hdicl2ld learning
e Unsupervised: 24-2ii¢l learning

e Reinforcement: Trial-and-error learning

43 gls: "Supervised uid [2iais, Unsupervised 21i€l €, Reinforcement U2ici 52 9"

Uad 2(A) dHadi [3 d)el]

Reinforcement Learning i key features @uil.

SdIG:;
Feature aeid
Trial and Error uidl gl2l 2iluig
Delayed Reward Actions ussl feedback 40l &
Sequential Decision Actions ci[dwiA] states 4 A4 $2 ©

e sid supervisor 2il: Agent add> 2d 2ilui ©

* Exploration vs Exploitation: -dl actions %HIdd] 44 FeildI 121 actions dIuRd1 42l idd-

Hu2l 2ls: "uAc, [Gdaod, sH"

Y 2(0") WHAJI [4 3i@|]
Reinforcement Learning i Usi?i 24xdl.

¥dIGi:
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USIR geid
Positive RL adeys agiRdl Hi2 positive stimulus G424
Negative RL dduls dgiRdl Hi2 negative stimulus €2 529

Learning 14iRd:

e Model-based: Agent environment model 2ilvi &

e Model-free: Agent 2fl¢l experience @il 2ilvi &

#ug gls: "Positive G2, Negative g2 s2"

Mo 2(s) 2AAdi [7 d)ei]

Reinforcement Learning implement s2di Hi24I approaches 4.

FUIGH:
Approach qeid Gelerel
Value-based States/actions A1 value eiluidl Q-Learning
Policy-based Policy 2il€l 2ilwdl Policy Gradient
Model-based Environment model 2iluig Dynamic Programming

RL Approaches
Value-based Policy-based Model-based
Q- Policy Gradient Dynamic Programming

e Value-based: Value functions estimate s2 &
* Policy-based: Policy parameters optimize s2 &

e Model-based: Environment model d1u2 &

"u2l gls: "Value, Policy, Model"
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yed 3(A) [3 dei]

Activation functions ReLU i4 sigmoid qeidi.

¥AdIGi:
Function Formula Range
ReLU f(x) = max(0, x) [0, o)
Sigmoid f(x) = 1/(1 + eN(-x)) 0, 1)

e ReLU di gIJEl: Vanishing gradient problem -eil

 Sigmoid i gIEl: Smooth gradient, probabilistic output

#u2l gls: "RelU aiR &, Sigmoid £aiid &"

yed 3(6l) [4 del]

Multi-layer feed forward ANN dudi.

- CIK
Component qeid
Input Layer Input data receive s2 &
Hidden Layers Information process s2 © (multiple layers)
Output Layer Final result ¢i-1d &
Connections ssd forward direction Hi

¢ Information flow: Input @il output il As (el

e sid cycles A2il: sig feedback connections eil

443 gls: "Input — Hidden — Output (s5d 241910)"

Med 3(s) [7 3Lel]
ANN 4 structure €i21 i1 d-1 €25 components -l functionality 24%di.

¥dIGL:

Components

Neurons Weights Bias Activation

Input Hidden Layer 1 Hidden Layer 2 Output Layer
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Component Functionality

Neurons Processing units % inputs receive s2 € 4 outputs 6i-1d ©
Weights Neurons 423l connection strengths

Bias Activation function A shift s2al 412 dgliRi4 parameter
Activation Function Network Hi non-linearity did &

e Input layer: Input data receive s2 © 14 [ddRd 52 &
e Hidden layers: Features ¥i4 patterns extract s2 &
e Output layer: Final classification 2121d| prediction Gi-1d €

e Connections: Neurons gl weighted links

443 gls: "Neurons a2l Weights, Bias, 214 Activation”

e 3(H) dHdi [3 d)ei]

Backpropagation U s 18 dvil.

- CICR
uRy qeid
ég Neural networks 412 training algorithm
ugld Chain rule 12l gradient descent
(€an ulen-l d2s error propagation

o ulBa1: Network gi21 uisn-l des error gradients calculate s2di

e Update: Error gi2isdl HI2 weights adjust s2d

43 Zls: "uiwn-l des Error Propagation”

W24 3(Gi) Addl [4 d1e1]
Single-layer feed forward network 44%di.

¥dIGL:
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Structure
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geid

Input layer 2il¢l output layer 12l connected
$5d input 44 output layers

ssd linearly separable problems solve s3] 2I5

Perceptron

e @HdI: Linear decision boundaries ¢l Hailed

e Applications: 2120 classification tasks

443l 2ls: "Single Layer, Linear HaiclRAl"

yed 3(s) iadi [7 del]

Recurrent neural network 4 architecture €i2i 14 21414l

¥AdIGi:

Input Output

Self-

Previous Y

Component

Hidden State

Function

yldl inputs 1 memory 2V ©

Recurrent Connection Hidden state 2/l d & d2s feedback

Sequence Processing Sequential data handle s2 &

e Memory: uiodl time steps -l information 21ui &

e Applications: Language modeling, speech recognition

e sIAEL Variable-length sequences process s3l 215 ©

442l gls: "Recurrent i€ 21U ©, U190 Loop S2 &"

yed 4() [3 d1el]

NLP Al a1 2414l 244 dl advantages duil.

No. 8 /14



Foundation of Al and ML (4351601) - Winter 2023 Solution (Gujarati) by Milav Dabgar
FUdIGL:

Term Qv

Natural Language Processing - computers - Hi4d ¢iiMl 2iMdl, interpret S2d1 44 generate s2d|

NLP N N
Hle H&H HAIY ©9

Advantages:

e Human-computer interaction: se2dl communication
e Automation: 1IUi3IY text processing 44 analysis

e Accessibility: [Gsdiol quzi2isdizii 412 voice interfaces

443 2ls: "seadl ainl, geadl Interaction”

yad 4(6l) [4 del]

NLU 44 NLG Al auiiyeil s2i.

¥dIGi:
ulei NLU (Understanding) NLG (Generation)
éq HI4d &Il interpret s2d] Hl4d oiiMl generate sdl
Input Text/Speech Structured data
Output Structured data Text/Speech
Gelsel Sentiment analysis Text summarization

e NLU: Unstructured text 4 structured data Hi convert s2 €

e NLG: Structured data 4 natural text Hi convert s2 €

H442l 2ls: "NLU 44 €, NLG Gi4id "

vied 4(s) [7 yel]

Word tokenization ¥i4 frequency distribution of words 122 Gelgel a1l AuMdl.

SdIGi:
ulsal qeid Geleael
L. Text 4 individual words/tokens Hi "Hello world" — ["Hello",
Tokenization N
disq "world"]
Frequenc N
. q. .y 235 token -l occurrence count s2d| {"Hello": 1, "world": 1}
Distribution
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Gelerelr:

Text: "The cat sat on the mat"

Tokens: ["The", "cat", "sat", "on", "the", "mat"]

Frequency: {"The": 1, "cat": 1, "sat": 1, "on": 1, "the": 1, "mat": 1}

e Case sensitivity: "The" 44 "the" 21@21 Ad21 count 21 &
e Applications: Text analysis, search engines

e Preprocessing: NLP tasks HI2 11deds step

34432 2ls: "Tokenize ugs| Count”

e 4(:A) AHadli [3 d1el]

NLP A1 disadvantages <l 2€1€] 2A41ul.

*dIGi:
Disadvantage qeid
Ambiguity Words/sentences I multiple meanings
Context dependency Context ¥12l meaning GidId ©
Language complexity Grammar rules 44 exceptions

o aiiegr&s variations: :A4d21 aiIMIA], dialects

e Computational cost: Resource-intensive processing

q443l 2ls: "sH2ure, Contextual, s2@"

ved 4(6l) a1l [4 dfe]

NLP Hi ambiguities I Usii daudl.

¥dIGi:
usIR aeid Gelgrel
Lexical Word 41 multiple meanings "Bank" (financial/river)
Syntactic Multiple parse trees possible "I saw a man with a telescope”
Semantic Multiple interpretations "Flying planes can be dangerous"

e Resolution: Context analysis, statistical models

e Challenge: NLP systems Hi 4w AdRIg

4u3 Zls: "Lexical words, Syntactic structure, Semantic meaning"
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yed 4(s) Jiadi [7 del]

Stemming words i parts of speech(POS) tagging v Gels2el 12l Audi.

¥dIGi:
sl qeid Geleel
Stemming Words 4 root/stem form Hi gi21sdl "running" — "run", "flies" — "fli"
POS Tagging Grammatical categories assign s2d| "The/DT cat/NN runs/VB fast/RB"

Stemming Gels:el:

Original: ["running", "runs", "runner"]

Stemmed: ["run", "run", "runner"]
POS Tagging Gelszel:

Sentence: "The quick brown fox jumps"
Tagged: "The/DT quick/JJ brown/JJ fox/NN jumps/VB"

* Stemming Al &g Vocabulary size gi21sd, 2ici(€id words 4 group s2dl
* POS i &¢; Grammatical structure M

e Applications: Information retrieval, grammar checking

#u2l gls: "Root el Stem, Grammar yMiel Tag"

yed 5() [3 d]el]

Word embedding c1uil 241Ul %14 word embedding <l various techniques <l 21€] 11ui.

¥dIGi:

Term vl

Word Embedding Words I dense vector representations % semantic relationships capture s2 &
Techniques:

e TF-IDF: Term Frequency-Inverse Document Frequency
e Bag of Words (BoW): 21211 word occurrence counting

e Word2Vec: Neural network-based embeddings

43l gls: "TF-IDF counts, BoW bags, Word2Vec vectorizes"

yed 5(6i) [4 d1ei]
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TF-IDF and BoW 12 Challenges 4di.

SdIGH:
ugld Challenges
TF-IDF Sparse vectors, sig semantic similarity 42il, high dimensionality
BoW Order ignore 21l ©, context WidIJ €, sparse representation

AHIRA AHRAINA:

e Sparsity: Hi2i¢12I-] vector elements zero 9
e sig semantics 2il: 1414 words I 461 vectors

¢ High dimensions: Memory 44 computation intensive

43 gls: "Sparse, sigf Semantics eil, High Dimensions"

yed 5(s) [7 3yel]

NLP 4l Guaidildii Aidu Gelsel A1 AH¥dl.

dIGI:
Application qeid Gelsel
Machine Translation ciIMIRAI 922 translate 529 Google Translate
Sentiment Analysis Emotional tone 4ssl s2q Product review analysis
Question Answering Text Hiell uedi-l ¥dIci AIud] Chatbots, virtual assistants
Spam Detection Y[ARSd emails identify s2dl Email filters
Spelling Correction Spelling errors sls s2di Text editors Hi auto-correct

NLP Applications

— — I —

Machine Sentiment Question Spam Detection Spelling

* Real-world impact: Human-computer interaction jgi2 &
e Business value: Text processing tasks automate s2 ©

e dgud &iv: 1dl applications idd ldd 23 &

443l gls: "Translate, Sentiment, Question, Spam, Spell"

yed 5(H) A2l [3 ]e]
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Glove(Global Vector for word representation) 4 qeidi.

SdIGI:
uIRj geid
Cs.g Global corpus statistics diuzl4 word vectors Gi-idd]
ugld Global matrix factorization 244 local context combine s2 &
SIAEI Global 44 local ¢id statistical information capture s2 &

¢ Global statistics: Word co-occurrence information diuz &

e Pre-trained: 141> GUidl 412 trained vectors GUAGH €

442l 2ls: "Global Vectors, Local Context"

Y 5(Gi1) A4l [4 ﬂEI]

Inverse Document Frequency (IDF) 2iu%1di.

dIGI:
Component Formula éq
IDF log(N/df) Documents Hi word importance measure seg
N Total documents Corpus size
df Document frequency Term containing documents

e High IDF: gc—fm words (d4¢ informative)
e Low IDF: a4I= words (A4ie1 informative)

e Application: TF-IDF weighting scheme i c12I

443 Zls: "Inverse Document, £4¢1 Hecaypl &"

yed 5(s) idi [7 del]

Document 412 TF(Term Frequency) dleidi A12Y Gele2el 2412 AHdl.

FUIG:
ugld Formula qeid
Raw TF f(t,d) Document Hi term -l 1120 count
Normalized TF f(t,d)/max(f(w,d)) Maximum frequency gl normalized
Log TF 1+ log(f(t,d)) Logarithmic scaling
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Gelskel Document: "The cat sat on the mat. The mat was soft."

Term Count Raw TF Normalized TF
"the" 3 3 1.0

"cat" 1 1 0.33

"mat" 2 2 0.67

Jleidl-i wardi:

1.
2.
3.

€2s term -l occurrence count s2i
uie s2d TF formula d12] 2

TF-IDF calculation Hi dru2i
Raw TF: il¢l counting, 21201 ug Haifed

Normalized TF: Document length i dl€ bias €i21S &

Log TF: Frequency differences 4 2H14 52 &

42l gls: "Count, Normalize, Log"
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