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Content

Machine Learning System for Classification

e A feature representation of the input.

e A classification function that computes the estimated class.

e A cost function for learning and an algorithm for optimizing the cost
function.

e An evaluation and analysis for the model.




WSS Classification Function
—

Recap: Linear Regression

Delay of
flight

value

y(x? W) = Wy + W11 + ... +TWDHITPD . l\predicted

Wind
>
speed

query

. linear function of the parameters wO, ..., wD.

. regression: predict the numerical value for "new" objects



WSS Classification Function
]

Recap: Linear Regression — Perceptron
desicion boundary

 threshold function ~
f(x) = {1 if w-x-+b>[0

0 otherwise

« X: areal-valued vector to represent the input

» W: avector of real-valued weights
» b: bias



WSS Classification Function
]

New: Perceptron — Logistic Regression

- sigmoid function: y= 1/(1+e”(-z)) creates a probability

Py=1) = o(w-x+b)

|
| y= 1/(1 ter Z) 1+ e*(w-erb)
v P(y=0) = 1—o(w-x+b)
— 1 1
- | 4 e—(wx+b)
0.0g % 4 -2 g 2 4 6 8 e—(w-x+b)

| +e— (w-x+b)




WSS Classification Function
]

New: Perceptron— Logistic Regression

« advantage: less sensitive to outliers




WSS Classification Function
]

Generalization: Multinomial Logistic Regression
(Softmax Regression)

. separate weight vectors for each of the K classes

. softmax function: create a probability distribution

el

2 j=1€ p(y=dx) = —
pes o2 ok Z eWi X + bj
j=1

.......

softmax(z) =



WSS Classification Function
]

Generalization: Multinomial Logistic Regression

* Property of softmax regression

overparameterized!
POY = k|x¥;6) =

exp((0® — y)TxO)
K exp((09 — y)Tx®)

exp(0®Tx®) exp(—y Tx®)
Zf:l exp(@PTxW) exp(—y "x®)
exp(0®T x®)

YK exp(@DTx®)| y vanished




B Cost Function
S

Mean Squared Error (MSE) for Linear Regression

MSE — — (Y - V)’
1=1

« loss function captures the difference between the actual n

and predicted values for a single record

MSE = mean squared error
n = number of data points

Y; = observed values

« cost function aggregates the difference for the entire Y; = predicted values
training dataset

O error representation, it shows how the model Error

predicts compared to the original dataset

Global
Minima

Local /7

Minima

>

Cost Function



= Logistic Regression Cost Function

Maximum Likelihood Estimation

L(w) = P(y | x; w) Py=1|x) =1 ify=1

= HP(y(i) | 2 w)
i=1

_ [[1 (o‘(z(i)))y( (1 . g(zﬁ))) -

Log Likelihood Function T maximize

1) (i)

l(W) = log L(W) = i [y(i) log (a(z(i))) + (1 — y(i)) log (1 — a(z(i)))]

Negative Log Likelihood => minimize

L(w) = —l(w) == [y log(a(2")) + (1 - y@)log (1 - o (:¥))]

i=1

Ply=0lx)=1—-P(y=1|x) =1 ify=0

Bernoulli distribution

pOk) = *(1-9)"

log p(ylx) = log[$” (1—3)"]
= ylogy+(1—y)log(1—79)

—log(a(2)) if y=1

Cost(a(2),y) = {—log(l —0(2)) ify=0



WS Loss for Single Training Example
—

POy =1[x) ~ 1 ify =1
ify:O P(y=0|x)=1—P(y=1|x)z1 ify=0

—log(a(z)) ify=1

COSt(U(Z): Y) = {_log(l _ O'(Z)) if y = 0




Gradient Descent

dient = dloss(w)
/ gradient = P
8
Initial
Weight
Global
Minima .
weight i
Cost(w,b)

1(6)

Too low

1(8)

Just right

J(8)

Too high

/

A small learning rate
requires many updates
before reaching the
minimum point

The optimal learning
rate swiftly reaches the
minimum point

Current Parameter  Gradient

value -

Updated -
Parameter value

L]

¥
Wt_|_1 — Wt —
A

-

&
i

. oW,

Learming Rate

y
0L

Too large of a learning rate

causes drastic updates

which lead to divergent
“behaviors



Reg ularization W = argyaxi‘OgP(y(”lx(”) p CEW)

is a fechnique that fries to achieve the generalization of the model. It means that our model works well not only
with training or test data, but also with the data it'll receive in the future

used for tuning the function by adding an additional penalty term in the error function

L1(Lasso) helps to reduce the overfitting in the model as well as feature selection (Manhattan distance)
N
RW) = [[Wlli=)_ wil
i=1

L2(Ridge) is mostly used to reduce the overfitting in the model, and it includes all the features present in the
model. It reduces the complexity of the model by shrinking the coefficients (Euclidean distance)

N
RW) = [W[3=) _w?
i=1




B | oss Function for Softmax Regression
_ loss function for a single Trammg sample:

Log(d Z yrlog(gi)

- = {OQ yr.
6(

ZP; {u‘j.l‘-i-bj'}]

j=1°€

we.r+b.)

= —log|

loss function for aII training samples:
N abe)

P. .
Lest8 ) =~ 33t = Hioslp e

=1 k=1

£33 -4l og (o)

i=1 j=1




W= Encoder
—

e Feature Extraction:

o CountVectorizer

o TfidfVectorizer
e Tokenization: character 4-grams
e No padding

e min_df, max_df: Default



WM Classification Model
—

e Division between:
o Smaller datasets:
m Author recognition
m Language recognition
o Larger datasets
m Category recognition

m Sentiment analysis



W Classification Model
—

e Common hyperparameters:
o C (Inverse of regularization strength): 1e5
o multi_class: “ovr” faster, but “multinomial” had

better results



WM Classification Model
—

e For smaller datasets:
o solver: “Ibfgs” (Limited-memory BFGS)
o tol: 1e-3
e For larger datasets:
o solver: “saga” (Stochastic Average Gradient)
o tol: 1e-2



WSS Results & Evaluation

Franz Kafka

Friedrich Schiller

Henrik Ibsen 4

True label

Johann Wolfgang von Goethe 4

Virginia Woolf

Wilhelm Busch

James Joyce A

0.8

0.6

r0.4

F0.2

0.0

Predicted label

Author Classification (CountVectorizer)

# |Training time: 18s

# 1Tl 1 t:

precision recall fl-score support
Franz Kafka 0.94 0.94 0.94 280
Friedrich Schiller 0.82 0.85 0.84 266
Henrik Ibsen 0.99 0.99 0.99 897
James Joyce 0.95 0.96 0.95 682
Johann Wolfgang von Goethe 0.79 0.76 0.78 228
Virginia Woolf 0.99 0.98 0.98 1901
Wilhelm Busch 0.97 0.96 0.97 627
accuracy 0.96 488%]

macro avg 0.92 0.92 0.92 488
weighted avg 0.96 0.96 0.96 4881




W Results & Evaluation
]

Author Classification (TfidfVectorizer)
0.8
- #|Training time: 22s
Friedrich Schiler 1 #(Classification report:
precision recall fl-score support
e e 06 Franz Kafka 0.96 0.97 0.96 280
~ Friedrich Schiller 0.83 0.89 0.86 266
2 james joyce | Henrik Ibsen 1.00 1.00 1.00 897
2 James Joyce 0.96 0.97 0.96 682
Johann Wolfgang von Goethe 0.84 0.77 0.80 228
Johann Wolfgang von Goethe | 0.4 Virginia Woolf 0.99 0.98 0.99 1901
Wilhelm Busch 0.98 0.97 0.98 627
virginia Woolf 4 accuracy 0.97 4881|
macro avg 0.93 0.94 0.93 4881
0.2 weighted avg 0.97 0.97 0.97 4881
Wilhelm Busch 0.01 0.01 0.00
{_é":o é'§‘é {oe“’o
4 & &
& 75:05\ & 00

Predicted label



True label

da

de -

en 4

unknown -

Results & Evaluation

Predicted label

0.8

0.6

F0.4

- 0.2

0.0

Language Classification (CountVectorizer)

#| Training time: 8s
# iT1 1 1

precision recall fl-score support

da 1.00 1.00 1.00 838

de 1.00 1.00 1.00 1443

en 1.00 1.00 1.00 2517

fr 1.00 0.97 0.99 36

it 0.93 0.90 0.92 31

unknown 0.82 0.56 0.67 16
|accuracy 1.00 4881
macro avg 0.906 0.91 0.93 4881
weighted avg 1.00 1.00 1.00 4881




W Results & Evaluation
]

True label

unknown -

0.19

0.12 0.06

0.00

0.00

0.00

0.00

0.00

0.25

Predicted label

1.0

0.8

0.6

F0.4

F0.2

0.0

Language Classification (TfidfVectorizer)

# Training time: 16s
#Classification report:

precision recall fl-score support

da 1.00 1.00 1.00 838

de 1.00 1.00 1.00 1443

en 1.00 1.00 1.00 2517

fr 0.95 1.00 0.97 36

it 0.93 0.90 0.92 31

unknown 0.67 0.25 0.36 16
accuracy 1.00 4881 |
macro avg 0.92 .86 0.87 4881
weighted avg 1.00 1.00 1.00 4881




WSS Results & Evaluation

True label

negative

positive o

negative -

Predicted label

positive

- 0.4

F 0.3

- 0.2

Sentiment Classification (CountVectorizer)

# [Training time: 33s
#Classification report:
precision recall fl-score support

negative 0.90 0.89 0.89 4985
positive 0.89 0.90 0.89 5015
accuracy 0.89 10000
macro avg 0.89 0.89 .
weighted avg 0.89 0.89 0.89 10000




WSS Results & Evaluation

True label

negative

positive

F 0.4

0.3

0.2

negative

positive

0.1

Predicted label

Sentiment Classification (TfidfVectorizer)

# [Training time: 12s
#Classification report:

precision recall fl-score support

negative 0.91 0.90 0.90 4985
positive 0.90 0.91 0.91 5015
accuracy L 0.90 100&%
macro avg 0.90 0.90 0.90 10000
weighted avg 0.90 0.90 0.90 10000




raining time: 14s
assification report:

Results & Evaluation ARTS & CULTURE

BLACK VOICES
BUSINESS
COLLEGE
. ) COMEDY
Category Classification based CRIME
CULTURE & ARTS

-5
.46
.42
.45
.47
.62
.46

282
392
380
212
399
409
391

NP W WA NN OOV OO BB WANBDWADB AR WSS

UhWw~NUUoOUODULUODORRUOOWSNNWWARBRARNRBUULERRE

on headline (CountVectorizer) DIVORCE j 65 . 419
ARTS & CULTURE {8:38 0.04 0.02 0.00 0.02 0.01 0.14 0.00 0.00 0.05 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.00 0.02 0.01 0.01 0.01 0.02 0.01 0.03 0.00 0.01 0.03 0.01 0.00 0.02 0.01 0.05 0.02 7 EDUCATIm - L] 40 - 198

BLACK VOICES o.mmgm 0.02 0.01 0.06 0.01 0.00 0.02 0.06 0.00 0.01 0.02 0.01 0.00 0.03 0.02 0.01 0.02 0.04 0.01 0.02 0.01 0.05 0.01 0.03 0.00 0.01 0.01 0.01 0.01 0.00 0.02 0.00 ENTERTAIW ENT

.46
BUSINESS {0.01 o.ozmo.m 0.01 0.01 0.02 0.00 0.01 0.00 0.02 0.01 0.01 0.04 0.01 0.03 0.01 0.13 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.06 0.01 0.00 0.02 0.03 0.02 0.02 EN\‘@I I RONM ENT

.46

387
355

COLLEGE 0.00 0.03 0.02@0,00 0.02 0.02 0.01 0.05 0.01 0.01 0.01 0.01 0.01 0.01 0.04 0.01 0.02 0.01 0.03 0.01 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.03 0.00 0.01 0.03 0.06 0.00 * "
COMEDY {0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.08 0.01 0.01 0.00 0.02 0.01 0.01 0.05 0.01 0.02 0.03 0.00 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.03 0.01 0.05 0.02 0.03 0.01 FI FTY . . 36 . 27 3
CRIME 10.00 0.06 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.02 0.00 0.00 0.01 0.01 0.02 0.01 0.02 0.01 0,01 0.00 0.02 0.00 0.00 0.00 0,02 0.02 0.00 0.05 0.00 0.02 0.02 L GOOD NENS = - 37 - 395
CULTURE & ARTS {0.08 0.04 0,02 0.00 0.01 0.00 0.00 0,01 0.02 0.02 0.01 0.02 0.01 0,02 0.02 0.01 0.00 0.01 0.01 0.01 0.03 0.03 0.01 0.02 0.02 0.02 0.02 0.04 0.01 0.04 0.01 0.01 0.02 HEALTHY LIVING 28 386

DIVORCE {0.00 0.00 0.01 0.00 0.00 0.00 0.00 [ 0.00 0.01 0.01 0.03 0.01 0.02 0.00 0.02 0.00 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0,00 0.00 0.01 0.07 0.01 0.03 0.01 0.00 ' ' "
EDUCATION {0.00 0.01 0.04 0.08 0.01 0.01 0.03 ncomooo 001 0.01 0.01 0.02 0,01 0.08 0.01 0.05 0.05 0.04 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.02 0.01 0.01 0.06 0.02 0.02 HOM E & LIVING . . ?4 . 386
ENTERTAINMENT {0.01 0.06 0.01 0.01 0.05 0.01 oaaomonnﬁnm 0.01 0.02 0.00 0.00 0.01 0.02 0.01 0.02 0.04 0.03 0.01 0.01 0.02 0.04 0.01 0.00 0.02 0.01 0.01 0.03 0.01 0.03 0.00 IMPACT . .32 . 400
ENVIRONMENT 10,01 0.01 0.04 0.01 0.01 0,02 0.03 0.00 0.01 ummemuos 001 0.02 0.03 0.02 0,02 0.01 0.03 0.01 0.01 0.05 0.01 0.01 0,01 0.01 0,01 0.01 0.00 0.05 0.01 0,01 0.03 o5 MEDIA 60 395
FIFTY 0.01 0.00 0.01 0.01 0.02 0.01 0.01 0.01 0.00 0.01 0.00 [0:36/0.01 0.09 0.01 0.02 0.01 0.03 0.07 0.00 0.03 0.02 0.00 0.00 0.03 0.01 0.02 0,02 0.03 0.01 0.01 0.07 0.04 0.00 MONEY 53 324

GOOD NEWS 10.01 0.01 0.01 0.01 0.01 0.03 0.01 0.00 0.01 0.02 0.07 unli&ﬁ:]}‘noz 0.01 0,06 0.00 0.01 0.05 0.02 0,01 0.01 0.01 0,03 0.01 0.01 0.02 0.01 0.01 0,01 0.10 0.01 0.02 0.01 .

HEALTHY LIVING {0.01 0.02 0,03 0.01 0.01 0.01 0.01 0.02 0.00 0.00 0.02 0.04 0.00 0:28 0.01 0.05 0.00 0.02 0.03 0.01 0,02 0.01 0.04 0.01 0.02 0.01 0.03 0.03 0.00 0.01 0,01 0.21 0.03 0.01 PARENTING . .49 - 391
HOME & LIVING 0.00 0,01 0.01 0.00 0.01 0.01 0.03 0.00 0.00 0.00 0.01 0.01 0.00 0.02 0,01 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.02 0.03 0,02 0.01 0.03 0,00 0.01 0,01 .00 0.0, POLITICS - .44 - 420
IMPACT {0.01 0,02 0.03 0.01 0.00 0.01 0.02 0.01 0.02 0.01 0.05 0.01 0.04 0,04 0.01 |8:32 0.02 0.02 0.06 0.02 0.03 0.01 0,01 0,01 0.01 0.01 0.01 0.02 0.01 0.00 0.01 0.06 0.04 0.04 QUEER VOICES 60 415

;‘5 MEDIA {0.00 0.01 0.02 0.01 0.03 0.01 0.01 0.00 0.01 0.02 001000001001000002@000001008001002001 0,03 0.01 0.01 0.00 0.03 0.00 0.00 0.01 001 0.01 0.02 o4 : : :
E MONEY 10.00 0.01 0.08 0.02 0.00 0.02 0.00 0.01 0.01 ocleoccozcmcoaoo:oozoocmom 0,02 0,01 0.01 0,01 0,01 0.00 0.01 0.00 0.04 001 0.02 0,02 0.02 0.00 0.00 RELIGIm . 156 . 440
PARENTING {0.02 0.01 0,01 0.02 0.02 0,01 0.01 0.02 0,03 0.02 0.01 0.02 0.02 0.04 0.01 0.02 0.01 001@001001 0,00 0.01 0.00 0.02 0.01 0.02 0.01 0.01 0.01 0,01 0.03 0.05 0.01 SCIENCE s .5? s 414
POLITICS 40.00 0.03 0.04 0.00 0.03 0.03 0.01 0.00 0.01 0.02 0.02 0.01 0.01 0.02 0.00 0.02 0.06 oozoooﬁooz 0.03 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.03 0.01 0.03 0.06 SPORTS 60 410

QUEER VOICES 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.01 0.02 0.05 0.00 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 oozﬂoozooo 0,01 0.01 0.00 0.01 0.01 0.00 0.02 0.01 0.00 0.02 0.01 . . -
RELIGION {0.00 0.03 0,01 0.00 0.01 0,02 0.03 0.01 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.04 0.02 0.01 0.01 0.02 oozoolom 0.00 0.00 0,01 0.00 0.01 0,01 0.01 0,02 0,02 0.07 09 STYLE - = 56 . 413
SCIENCE {0.01 0.01 0.02 0.00 0.00 0.01 0.02 0.00 0.01 0.01 0.05 0.01 0.01 0.05 0.01 0.02 0.01 0.00 0.02 0.02 0.00 oooouo 0.01 0,00 0.01 0,02 0.01 0.00 0.02 0.04 0.00 0.02 STYLE & BEAUTY . 0 66 w 391
SPORTS {0.00 0,04 0,01 0,01 0.01 0,03 0.00 0.00 0.00 0.03 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0,01 0.02 0.01 0,01 0.00 oo)o.nz 0,01 0.00 0.00 0.02 0.00 0.03 0.01 0.02 0.02 TASTE . . 66 . 39 7

STYLE 40.00 0.02 0.02 0.00 0.02 0.00 0.02 0.00 0.00 0.05 0.00 0.03 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0,00 0.00 0.01 0.01 (&L

0.01 0.02 0,01 0.00 0.01 0.01 0.03 0.00 TECH

g 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.00

0.02 0.01 0.02 0.03 0.01 0.02 TRAVEL
0.2

0.00 0.03 0.00 0.02 0.02 wEDDINGs

son B o WEIRD NEWS

0.01 0.01 0.00 0.00

.60
.54
77
«37

416
405
400
408

STYLE & BEAUTY 10.01 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.02 0.00 0.01 0.00 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.11

TASTE 40.00 0.00 0.01 0.00 0.02 0.00 0.02 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.03 0.02 0.00 0.02 0.02 0.01 0.00 0.01 0.01 0.02 0.01

TECH {0.01 0.01 0.05 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.00 0.02 0.01 0.01 0.01 0.03 0.01 0.01 0.01 0.00 0.01 0.00

TRAVEL {0.01 0.01 0.01 0.00 0.00 0.00 0.04 0.00 0.00 0.01 0.03 0.01 0.01 0.02 0.02 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.02 0.02 0.04 0.02 0.05

WEDDINGS {0.00 0.01 0.00 0.00 0.01 0.00 0.01 0.04 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.01 0.01
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: . . =
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Results & Evaluation

True label

ARTS & CULTURE
BLACK VOICES
BUSINESS
COLLEGE
COMEDY

CRIME

CULTURE & ARTS
DIVORCE
EDUCATION
ENTERTAINMENT
ENVIRONMENT
FIFTY

GOOD NEWS
HEALTHY LIVING
HOME & LIVING
IMPACT

MEDIA

MONEY
PARENTING
POLITICS

QUEER VOICES
RELIGION
SCIENCE
SPORTS

STYLE

STYLE & BEAUTY
TASTE

TECH

TRAVEL
WEDDINGS
WEIRD NEWS
WELLNESS
WOMEN

WORLD

Category Classification based
on headline (TfidfVectorizer)

0:35/ 0.04 0.01 0.00 0.03 0.00 0.16 0.00 0.00 0.05 0.01 0.02 0.01 0.02 0.01 0.02 0.01 0.00 0.02 0.01 0.03 0.00 0.02 0.00 0.02 0.00 0.01 0.02 0.01 0.00 0.01 0.00 0.06 0.01
o.olﬂo.ol 0.03 0.02 0.06 0.03 0.00 0.01 0.05 0.01 0.00 0.01 0.01 0.00 0.03 0.02 0.01 0.02 0.04 0.01 0.02 0.00 0.05 0.01 0.03 0.00 0.01 0.01 0.01 0.01 0.01 0.04 0.00
0.01 o.u?ﬁa.ai 0.01 0.02 0.01 0.00 0.01 0.00 0.02 0.02 0.01 0.02 0.01 0.03 0.03 0.11 0.02 0.03 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.07 0.01 0.00 0.02 0.03 0.03 0.02
0.00 0.02 o.oam 0.01 0.03 0.03 0.01 0.06 0.00 0.01 0.00 0.01 0.01 0.00 0.02 0.02 0.02 0.01 0.03 0.01 0.01 0.00 0.03 0.00 0.01 0.01 0.01 0.02 0.00 0.00 0.02 0.05 0.00
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B Results & Evaluation

True label

Category Classification based on
short description (CountVectorizer)
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#lTralnlng Time: 5Es|
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ARTS & CULTURE
BLACK VOICES
BUSINESS
COLLEGE

COMEDY

CRIME

CULTURE & ARTS
DIVORCE
EDUCATION
ENTERTAINMENT
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— Results & Evaluation
I
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B Results & Evaluation

True label

Category Classification based on headline

and short description (CountVectorizer)
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B Results & Evaluation

True label

Category Classification based on headline
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WSS conclusion
]

Logistic Regression:

» supervised machine learning classifier

» binary classification or multiclass classification

» learning weights from a labelled training set via loss function
» minimizing the loss function using gradient descent

» using regularization to avoid overfitting




Summary

» linear regression vs perceptron vs logistic regression
* linear regression predicts continuous value
« perceptron = linear regression + threshold function
* logistic regression = perceptron + sigmoid function
» cost fuction

* Cross entropy loss

» gradient descent



Summary

» regularization
L1 (Lasso) vs L2 (Ridge) regularization
» feature extraction & parameter adjustment

« tfidfvectorizer vs countvectorizer
« min_df, max_df, C, multi_class, solver, tol

» results & evaluation
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