Foundation of Al and ML (4351601) - Winter 2024 Solution (Gujarati) by Milav Dabgar

ved 1(H) [3 3jel]

Ald1 uyg::id carviRid s2A: 1) Fuzzy Logic. 2) Expert System.

SdIGI:
ue ST
Fuzzy Logic BHRAUR dSellas F 0 A4 1 aR AcdI-] [S2] 218 HellFd dS 52 ©

Expert System el Hidd]-1 [Aelid] 4sd sd] Al HiuM S knowledge base 44 inference engine diuz &

o Yy defeli: 6id AH[fSddl v1 w12 Hifdd] 2iena ©

o GuAdIi: HISsd [Held, AHidiPIs [xel [[eH

AN

#4432l Zls: "viaure seindi AH[AfEd [l d o

ved 1(cl) [4 d1ei]

A1 ugld caIfRid s2i: 1) Machine Learning. 2) Reinforcement Learning.

SdIGH:
ue SN yua aiaileisdi
i i UEIREH % A4 gIR1 HIUIRAIY YRl JEIR & 2y s2l Ye-fuiell
Machine Learning ) )
programming [d eifluig
Reinforcement Agent Y22sIR/€s diudld uaidrel 12 trial-and-error giRl 2w feedback gl
Learning [sa124] 2ilui & eflug
disld:
[
s2l ML Algorithm Model HIRNENRA
—
uidel yarsRi  —— [5212]

T

A2l 2ls: "ML S2ivieil 2ilui, RL yasiRiniall eflvi"
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yed 1(s) [7 1]
Artificial Intelligence i1 usi2i (Gl [Garddiz au%dl didY uigld 212 21l

¥dIGi:

Al ysIRiq 261d:

USIR aeld aludi Geleell
Narrow Al [Gfeie siai HI2 2u1Rid HYIfEd S gelnd] Siri, Chess programs
General Al Glel el Hi-d 2d2-] offe Glg-SiH- dS ¢laHi dgilds
Super Al HI4d 6ffg S2di dg HI4d gHdid] AHARI0 aifdwl seud
digld:
Artificial
Narrow General
Super
Al Al
si-(afeie Hi4d-2dl2 IECHIRITRIG
ddHi- didfdsdl aifdwd G Agilds

e dduid [Rafd: 211uel Narrow Al o €124
e [Gs1a udi: Narrow — General — Super Al

o AqHAHAIEL: General Al 20-30 avHi Au(aid

A2l gls: "aiss ¢d, AHI= dg, Yuz 2ilg”

yed 1(s) OR [7 d)ei]

Al system design s2dl ¥43 ethics 112 2icil€id [dlde w1l 24%d] 21l Guid, Al System ] waierii-l vel
[Gardaiz auydl 1.

¥dIGL:
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Al [lfd2i1291 26icd:

dlds uiyj
Fairness
Transparency
Privacy

Accountability

Al HATEId:

qeid vHclsel

ugiuld A4 cigeild 2104 (@A training data
Audl 211 dal Al Qe 2y algorithms
Y382 S2l 28l sel encryption

Al [$2141 412 SdIGIEIR] HI4d W

o S21 vuElddl: Hizl, dJeiadiysd datasets sigu

o AMIR Gifgdl Aeiid: Hi4di]

M ige] A4 2Isd el

o AI¥sdl A4U(eld uRRE[GAIMI [Frse w12 ©

e Black Box iH2aI: [Heii 2i41dd] Yosd

443 2ls: "=, uiReels, Uil FdIciElR Al 4 S2i, A141-d 6{fg, 41%Sd], SIN1 Glisi-] H2U1AT 8"

yed 2(H) [3 djel]

Reinforcement learning -l diaifGisdi-l 1€l »11ui.

¥dIGL:

dialeisdi

Trial-and-Error
Reward-Based

Sequential Decision Making

Exploration vs Exploitation

42 gls: "wiol YRasik sMs ely”

yed 2(Gl) [4 d1el]

geid

Agent widl glRl il &

yR2si/es gll feedback

(141 aifawuH] A2 114 B4R 52 ©

A4d] [sa1A1 AFHI9dl 244 Feild] 2112] [S2141 diyRd] deRiq 2idd-

Positive reinforcement ¥4 Negative reinforcement 44di.

¥AdIGi:

dE-Iis 26id:
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USIR Il AR Gelsrel

Positive ddd dgiRd] HI2 AHIHEEIAS gRe5d ad ¢ :
. . . < A1R1 YRl HIZ g4IH AIUg

Reinforcement stimulus G4g qdiR ©

Negative dd- dgiRdl Hi2 AN stimulus g2 IRSd dd s12f yel 21 yesl alarm

Reinforcement sq geiR € 6ig 529

YU d§ldd: Gid ddd dgiR 8, Ug positive Yasi2 GHR © IR negative A%l €2 52 ©.

#u2l 2ls: "esRIGHS UI-E GHR, ASIRIHS £U £2 SR

yed 2(s) [7 d1el]
Supervised learning (A2l [da1daiR audl.
SdIGH:

AEAY

IIwl; 2iluvdiHl ugld < labeled training data Hiall 2ilufld 4di s21 U 2412111 52 9.

ulsa1 26id:
waig qgeid GeleRel
Training Input-output sislAiell algorithm 2ilvi © Email — Spam/Not Spam
Validation e S2l U2 model Usiaig accuracy duiid]
Prediction Adl inputs H12 outputs GiHidg A4dl emails 4 classify s2q
usIRl:

e Classification: 522121414 2A41211€] (spam detection)

e Regression: didd el 2412118] (=1 ci1d)

2isld:
[

Training
Data

Learning

Model TSI

Adi Input X

AN

A2 2ls: "EuRu = [2lals 11 SUIG AHIU 8"
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yed 2(1) OR [3 de]

Human learning i a14d key components l 21€] A1ul.

%BUIG:

(3
g2s SI
Observation yajgeMial Hildd] AsBid s2d
Memory U4l A3 A4 Yd:vid s2d
Practice selndl YaIRdI HI2 YARIdd

9

Feedback yeaid [daid] Hil&d

qu2l 2ls: "[A3leiel, Alcgiad, viseH, uldaie"

yed 2(ci) OR [4 d)el]
Well-posed learning problem [dzi [Go1ddIR 44dl.
¥YJIGL:

QIR 2y 2ld uIfAd 12, Yeel HIUES A4 v4eid dieiH] eilvidl-] aHel,

€1251 2616:
g2s qeid Gerseel
Task (T) [Ri2eH ¢ eiluig g 21 UG
Performance (P) Asodi sdl 2d Hiudl] ¥ddidl 2siqizl
Experience (E) Training data 2idl vls2y 2211GHI 2Hdl]

3l 2iluig = E glI T U P yeig
HIuEsl: M1 1] 2Isiy dd, eidid s3] 2Isiy ddl 44 Gudcd S2i ¢ig g,

42l Zls: "sia veeld i4aid = iluigl Hi2 TPE"

yed 2(s) OR [7 2jel]
Unsupervised learning [dei [do1daiR 2iudi.
SAIGH:

«Ivwl: Labeled Gels2ell A2d] target outputs (A1 Seiviell ded efluig,

USIRI 2Gid:
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USIR
Clustering
Association

Dimensionality Reduction

disld:
[

Gtey Algorithm Gelsel

M4 S214 gauMi RIvg K-means Alss [detiwd

icigll eligidl Apriori G2 GIs2 [dedmel

dafell gl21sdl PCA sal gedlszel
Unlabeled

Unsupervised Algorithm

Clustering

Association

Dimensionality Reduction

o sig Riais 4ail: Algorithm 2ad> 2ld guiddl patterns 2iig &

\

o 2NN S21Hi AXRYUI HIOWIRA] 218 ©

Hu2l gls: "[Gi4euu = sid [Rlais Hail, %1d patterns eliei”

yad 3() [3 dyel]

SIGMOID function d#1dl. GuRid, d-l graph €Il ¥4 SIGMOID function  Gelcel H1ui.

¥AdIGi:

@Il Activation function < sigful dizd(ds 2iviid 0 44 1 deRid1 YE&IHi map s ©.

}Jal: o(x) = 1/(1 + eN(-x))

Graph (ASCII):
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Gelsel: x = 0 412, 6(0) = 1/(1 + er0)=1/2 = 0.5
dleIgMl: S-uIsiRA] dais, R0 gradient, binary classification Hi duR1d &

443l gls: "Sigmoid Y& 0 44 1 922 €6iig 8"

yed 3(6l) [4 o]

4121 ueq cavAIlRid s2i: 1) Activation function. 2) Artificial neural network.

%dIGI:
ue I Gt
Activation aiifeifds function % weighted inputs 11412 neuron Neural networks Hi non-
Function output 4ssl s2 & linearity @id &
Artificial _ , \ . . \
Neural Biological neural networks 2il 4[Rd computing system Pattern recognition 4

¥4I interconnected nodes ¢i¥J € machine learning

Network

Yy dgiell:

e Non-linear processing %[2d pattern learning & 6i-1d &

e Layered architecture Hifdl4 hierarchical 2ld process s2 &

44zl gls: "Activation s[5 2ld HaI%H1 neurons 1 4sd s2 "

sed 3(s) [7 2[el]
Recurrent network i architecture digld A1 [Go1ddIR ¥4di.
FUdIGI:

«@ival: Neural network $4i connections loops 61419 8, ¥ Hil&dld 2ei12il 21uidiH] 1Rl 24140 6.

Architecture iig(d:
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Time

t-1 > t

t+1

nput

!

Output y_t

Previous State h_t-1

Hidden State

—/'

el2si 26id:
€2s sk
Hidden State 311G inputs 1 Alegled
Input Layer dcHI4 time step input
Output Layer AHY t YR 211

GuaidIi: giell A1, @il AdIE, time series AH1211E]

SI”AEL: ajdsind] HildlH] aiegied 218l sequential data handle s2 &

442l gls: "yArialdd = vied] vaeiA] AlE AV "

yad 3(1) OR [3 2fel]

\. Hidden State

epl
h t=f(W_h*h_t1+W.x*xt)
x_t

y_t=W_y*h_t

TANH function ¥4%1di. GuRid, d-i graph €12i ¥4 TANH function 4 Gelc2el A1l

¥dIGL:

@Iul: Hyperbolic tangent activation function & eI -1 244 1 9 map s2 .

Al tanh(x) = (/X - eXN(ey + en(-x))

Graph (ASCII):

1| -
| -

B oo oo
[ .-

-1 |'
O
-3 0 3
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Gelsrel: x = 0 412, tanh(0) = (1-1)/(1+1) =0
dlRIgMl: 2-5[id, S-IsIRd, sigmoid s2di HGid gradients

43 2ls: "TANH = 6i-drgl sigmoid (-1 2il +1)"

yed 3(6i) OR [4 del]

121 ued cavaifFid s2i: 1) Biological neural network. 2) Loss calculation.

SUIG:
ve I
Biological Neural ¥dd YdiHi interconnected neurons o 42ds ¥
Network Hi[&d] process 52 ©

HRIIE] s2cl A4 did[ds outputs dRiAI dslddd

Loss calculation
s1feilds Hiu

%fds iy Neurons — Synapses — Neural Networks — H21%

Loss usIRl: Mean Squared Error, Cross-entropy, Absolute Error

qu3 gls: "yaldsii4 Al 4 vell 2414 9, Loss 2iluidi-] waild Hig 9"

yed 3(s) OR [7 dJel]

Hu I 1A

Dendrites, cell body, axon,
synapses

Backpropagation gl2i efluidi
yofeRi AN ©

Multi-layer feed-forward network i architecture « 1isfd 2112 [Ga1dai2 geial.

¥dIGi:

Qvl: 6igfdg layers 211214 neural network @i Hif&d] input 2il output d2s APIN gé ©.

Architecture iig(d:
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Output Layer

A

Input Hidden Layer 1 :
P y Hidden Layer 2
1 h1
x1
/’—
h4
——
R
/___/ /_/
X2 h2
— ~
>
R
h5
x3 h T~
~_ 3
Layer sIi 26id:
Layer sid Processing
Input Sel Ui s2 € si¢f processing -eil, ssd [ddel
Hidden Feature extraction Weighted sum + activation function
Output JildH 2412114 Classification 242141 regression output

HIf&dl waie: Input — Hidden Layer(s) — Output (:4s(€eila)
eiluid; Backpropagation error 21g12 weights adjust s2 &

32 gls: "cig-2d? = ¥l2d efluidl Hi2 eigldg hidden layers"

Y 4(A)

[3 21e1]

NLP A1 siae1iq] A1€] [dordai 41ui.

¥AdIGi:
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SIJAEI qeid

Automation Hi4d] Y21 Sigddl text processing sii4 HIUIRAIN $2 ©
Language Understanding clglde eIl A4 olidlAl A12s1Rs 2ld process s2 &
24/7 Availability Hi4d] ¢adaiy [d41 Add s 52 ©

Scalability izl uMIRMi text data siigi 2ld handle s2 &

GuaidIi: Chatbots, »44dI€, sentiment analysis, document processing

442 2ls: "NLP = i1yl 44SRIH 24/7 Ui AIAI S2 8"

Med 4(ci) [4 d]el]
Natural Language Generation [d2iddi2 214%dl.

¥YdIGi:

QuIul: Al U[s1 % structured data - ged] Hi4d] eiiMiHI text Hi convert s2 ©.

ulsal 261a:
u:nci qeid
Content Planning s& HIfdd] 2Md s=dl d 4ss] seq
Sentence Planning 9151 24 §S2AI-] 2”41 524l
Surface Realization Is20l 112 did[ds esee eididq

GuAIIL; [RuUi2 ¥+2214, chatbots, HAIUIAIY UsSIRcd, UlSdd1d 21H]
Gelerel: dIRl S21 — "JAs2l[AsAHi HSGId Rl SI1RLI A1 SAIZMi dIRl 15% ded)."

N

HH2l 2ls: "NLG = 2ua14i4 s21Hi $24 "

yed 4(s) [7 2Lel]
NLP Hi 2&d] 12uredi #4di. Gurid, €25 duredid Geleel A1ul.

¥dIGi:

Hayredl USIRI 2Gid:
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USIR qeid Gelsel
Lexical 216€1 A4S AUl C1Y © "Bank" (H€l/1ensl)
Syntactic A1 I HRUR 81 © " telescope 12 HIRIA FSII"
Semantic A AHUR SiY & 301814 dldi [AuiRl"
Pragmatic eai-A141Rd el "2) dH 1§ 4] 21l 17" ([Giidfl/ve)
disld:
[N
NLP AH2u%dI?A]
Lexical Syntactic Semantic
2IGE 2d-2 QRJIS2] 2d2 QJ-I?:I: 2d2

GSd el 2icei [deavu, Aissis]y HiSea, knowledge bases

Huzl gls: "eifcEs cuis2ABls Aeiypl ilgsiRs = SVAV AuwediAl"

yed 4(1) OR [3 de]

NLP A1 siRgIagIAI] A1€] [Go1dd1R H1i.

¥dIGL:

JIRSIAEI

(4
qeid

Gsd

deai [dedue
Parse trees
Semantic rules

yRRa(d aeel

Pragmatic
2o ad?

Context Limitations

Language Complexity

Data Requirements

Computational Cost

@jd1, ¢, dizslds 2ieail 2112l Yosdl
disAyiaN, 2a21, WiElRIs lidlAl 2112l Yesdl
Hl2l yHIeMi training data %33

HiguI processing power 44 memory 32|

UsSIRI: AR, Glea vy 21412, real-time processing

q443] gls: "NLP ussi2i = e, @i, 2, a1eldal"

yed 4(ci) OR [4 d)el]
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Natural Language Understanding [doiddI2 2udi.
FUIG:
QUL HId] AIIHT 4e] 4 3¢ 214l 244 vHeleied salH] Al &iHdl,

€25l 26id:

€2s s Gelsel

Tokenization 2se2A 2IGEl/dIsYUiRNMi [Geiiyd 59 "Hello world" — ["Hello", "world"]
Parsing is2eis Hiaui4 [dedwel sdi, [sa1, s 2iaug

Semantic Analysis 21l 516 21GEl 4RI Aciel] AHYd

Intent Recognition Yasl &g Alud] "selg2 ofs s21" — 21dd 6f[Sal intent

ulsal yadie: Text Input — Tokenization — Parsing — Semantic Analysis — Intent Understanding
GualdIi: Virtual assistants, chatbots, voice commands

442 2ls: "NLU = ge=d] 2ld il 24 ©"

yed 4(s) OR [7 d)ei]

Stemming ¥4 Lemmatization [dolddi2 2udi. GuRid €251 6l Gelsel I,

SdIGH:

QAIRAIAL:
EDT geld ugld AIGaye
Stemming Suffixes €2 s34 Ic€id Yo 2A3uHi g21sq Rule-based siug Word stem
Lemmatization RIGEIA 2IGESIRIHI HILIR UBUHI ©21SG Dictionary lookup Y1) 2IGE

Stemming Gelgell:

1. "running", "runs", "ran" — "run"

2. "fishing", "fished", "fisher" — "fish"
Lemmatization Gels2uli:

1. "better" — "good" (comparative to base)

2. "children" — "child" (ciga-2il 2AsqYU-)

ddI 26id:
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vy Stemming

sy agy 2354l

AAi2dl il

¥1G2y2 SEIRY HI 2IGE 4 i

443 gls: "Stemming = %Sy, Lemmatization = a4 d4i2d1"

yad 5() [3 d)el]

vl AA1ui: 1) Word embeddings. 2) Machine Translation.

SdIGH:
ue vl
Word 216€1-1 €4 ds22 Wld[€ica ¥ semantic 2ciel]
Embeddings capture s2 €
Machine s civiell 6ily e 2seed HIUIRAIY
Translation 3uidzel

Yy dgiell:

AR

e Word embeddings ds22 2iMi 2i6€ icitl ¥10d ©

e Machine translation civiAl 9] 2] 104 &

42 gls: "eio€l ds2f Gid B, CHIMIRAI AH-dIE G "

yed 5(6l) [4 d1el]
Word2Vec [G2i [Gao1dalR 214di.

¥dIGL:

Lemmatization
elly
ag

SH2Il HI-Y 2IGE

G&edy

25224 ML HI2 AWJIHS 2A3UHI
convert s29

I IRA] 92 AdIE A&M GiHIdg

vl Neural network ds-ls < Hial text corpus Hiell 216 icigl 2ilvild word embeddings 6iHid .

Architecture usIRi:

Hisd qeid 2RI

CBOW (Continuous Bag of Words) deatuiall target 216€-] A12118] 52 © deai — ag

Skip-gram Target 216eHiel] digaf 210€i-] AH1211E] 52 & ded — deef
ulzai:

1. Training: Neural network 2i6€ 2icieli 2ilui &
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2. Vector Creation: €35 216€e+ 44~ ds22 Uld[[[dcu Ho &

3. Similarity: a4 216€i-1 aHI4 ds2a sid ©
Gelsel: vector("king") - vector("man") + vector("woman") = vector("queen")

J4u2 2ls: "Word2Vec = e gl2i 2i0€i2l] dseai"

yed 5(s) [7 d1el]

A g

GallgAl Gaules Ales U1l feedback visfid sAl © 44 ¢d d-l U2 sentiment analysis s2dl € ©. ddl HI2
SA1 WIdIAI AHq1d] BFA? [Ao1daI 24wdl.

¥dIGL:

Sentiment Analysis Pipeline:

wig geid Tools/Methods

Data Collection Jles feedback isMid s2q ad, adlaiAl, dilRiad Hls1

Data Preprocessing 252 211§ A dAIR 5 Noise g2 s2d, tokenization

Feature Extraction 2522 AVAIHS UIUHI GEA] TF-IDF, Word embeddings

Model Training Sentiment classifier didl A41yd] Naive Bayes, SVM, Neural networks
Prediction Sentiment dils2el 529 SSRIMS/ASRIHS/d2R

Analysis ECTMFESDEES Insights 244 Ruiga ciH19dl

AHHdlsel udls:

Alss Feedback Text Feature Extraction Sentiment Classification Business Insights

Preprocessing udldi:
o [dely 2180 44 URLs €2 s2dl
e Lowercase Hi convert s2d 2i2lddl HI2
* Stop words €2 s?dl (the, and, or)

¢ Negations handle s2dI (not good — negative sentiment)
Model y@is: accuracy, precision, recall, F1-score ¥4I metrics diurdl
QRS YRU: Ales Ag[R 2HYd], GleA] JEIRAI, 2HUIRA] Aud]

Hu2l 2ls: "visid s2, AIs S2, Slel, didlH A, 2419118 s3I, [dedyel s21 = ESTAVA"

yad 5(21) OR [3 2fel]
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GloVe I sIA€131i NLP 1 2igeidi 44mdi.

SdIGi:
SI”AEI qeid
Global Context 2215 2ige] ¥ 4é] ug 242 corpus HisSI EI-HI AV ©
Linear Relationships dse? ¥isdlllid gkl semantic icidll capture s2 ©
Efficiency il datasets U2 Word2Vec sadi 23sul training
Stability cigldg training runs i Yid1d ulRei]

Yyl dieil: Word analogy sidiHi 2413 eeid, 22iif4s 244 dfals cid vissI capture s2 &

Hu2l 2ls: "GloVe = d2is dse: gvsdl"

yed 5(cl) OR [4 OiEI]
TFIDF ¥i4 BoW 1241 ussii [d2i au4di.

¥AdIGi:

UssI2 26id:

ugld ussii AR

1. 2IGE $H VULl B
TF-IDF 2. Sparse vectors yf[ed aigef auy
3. Semantic similarity el

1. Sequence Hif3d] 2Hid &

Bow 2. Gy dimensionality 4616} semantic Wld(-(€ic
3. 2I6€ icigi 2]l

AIHIA AHRAIAI:

e Vocabulary size: vjoi Hi2l, sparse matrices Gi+1d &
 Out-of-vocabulary: -di 2ic€l handle s3] 2isg el

e Semantic gap: "¥12" ¥4 "GaiH" 4 a2 2Ll ©
G5d: Word embeddings (Word2Vec, GloVe) diuzi dense, semantic 2%41d Hi2

43l 2ls: "TF-IDF 244 BoW = Sparse, sigf sH eil, sigf semantics -eil"

yed 5(s) OR [7 d)ei]
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E-mail a1 ueldi SPAM detection ds-ils did) s2dl 88 ©. SPAM E-mail 2ligdl HI2 SA1 WIdIA] diq4d]

sigfa? [Go1ddIR 4HAdl.
SdIGI:

SPAM Detection Pipeline:

wIg

Data Collection
Feature Engineering
Text Preprocessing
Feature Extraction
Model Training
Validation

Deployment
Feature UsI?l:

Feature Category
Content-based
Header-based

Behavioral

Hdls:el zmgl?i:

(3
qeid

Labeled spam/ham emails 2is/5id s2di

2icif€ld features siedl

Email content dis s=9
AWIIHS 2d3uHi convert 529
Classifier diclH 2A4rud]
Model ueeid asiaig

Email system 2112l As]s2el

Gelerell
Keywords, phrases, HTML tags
Sender, subject, timestamps

Sending patterns, frequency

Alddi Email

Feature Extraction

Y32 Feedback

Model }eis4 Metrics:

v

Model Update

ds-lsi

Email datasets, 252 Ruiéa
Subject [dedwel, sender patterns
HTML g2 s?9, text normalize s:q
TF-IDF, N-grams, metadata

Naive Bayes, SVM, Random Forest
Cross-validation, test set

Real-time classification

G&ey
Email body [dedwe
Metadata dulig

eisielld ad4 Ainuiqg

Spam—» Spam Folder

Ham——» Inbox

e Precision: False positives 2101dl (sIA€42 emails spam d2ls mark 4 2121)

e Recall: gird[ds spam emails ussdi

e F1-Score: Precision 4 recall 422 2iga-
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Add 2iluid; a1 spam patterns 44 Y232 feedback 12l model update s2¢

Hu2) 2ls: "vislid 21, ¥R S, vidid S, Slel, didH AU, HI= S, I = EIPKTM)"
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