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Lecture Feedback, Additional Examples, Solutions
Admin

Gly =5 Gv\,/l"lq (3 AT
@ Thank you for the feedback on Socrative and Homework
submission.

@ They are addressed on Piazza (will be updated weekly on
Tuesday).

e Formula and notation explanation added (will updated weekly
after lecture).

e Review sessions on Wednesdays before the exams to go over
past exam questions.
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Midterm Details
Admin

@ More midterm-related details next Monday:

© Complete the exam online at home and join by Zoom for
announcements.

@ Complete the exam online in person here, bring your laptop.

© Request a paper copy of the exam and submit the answer
sheet (| need to know the number of exams to print).
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Midterm Coverage
Admin

@ More midterm-related details next Monday:

@ ~ 10 questions from M2 to M7 (same question different
randomization).

@ ~ 10 questions from relavent questions on X1, X2, and
In-class quizzes Q1 to Q6.
© ~ 10 new questions.

e All questions have the format: enter a number, vector, matrix
or select multiple options.
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K Nearest Neighbor

Description

e Given a new instance, find the K instances in the training set
that are the closest.

e Predict the label of the new instance by the majority of the
labels of the K instances.
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Distance Function

Definition

e Many distance functions can be used in place of the Euclidean
distance S

(x5 —x))°

=1 — 'r//f'

@ An example is ‘MMistance
Zﬁ;"l

=2

s

p(X) =[x~ X, =
\
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Manhattan Distance Diagram

Definition
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1 Nearest Neighbor
Quiz

Ly w'e 0
7). 2 A
e Find the 1 Nearest Neighbor label fo ] sing Manhattan
= 6
distance. ‘ ¢
]
x| 17345 } 0~
y [0[1]1]0 ﬁ\
&\.s'\ 7 2 3 q» Z h&nrr’& M‘\SL&Q,—
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3 Nearest Neighbor

Quiz
7(, / _
G~ I
e Find thei_Nearest Neighbor label for_ using Manhattan
distance. dit ¢ 4 0 B
X1 1|1 ! 3

X2 -]=. 7
01

y 00
), Not sure, | guess it is 0. ’ {\

B :
@ C:1,D : Not sure, | guess it is 1.

\—/ -
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K Fold Cross Validation
=l _
Discussion
Wa'("w D'(C\Ila'.lq
0N "h"“'."p Kh}
et
. . . N\
e Partition theﬁggg,;gt Into K groups. > .
D YA

@ Pick one group as the validation set.

@ Train the model on the remaining training set.

e Repeat the process for each of the K groups.

e Compare accuracy (or cost) for models with different

hyperparameters and SW.

(A [7&,/

| S bty 157@1 |
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5 Fold Cross Validation Example

Discussion

[ N0V
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Leave One Out Cross Validation

Discussion

e If K = n, each time exactly one training instance is left out as
the validation set. This special case is called Leave One Out

Cross Validation (LOOCY). ‘
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Cross Validation
Quiz

@ Given the following training data. What is the 2 fold

cross-validation accuracy if 1 nearest neighbor classifier with
Manhattan distance is tsed? The first fold is the first five
data points.
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Cross Validation 2
Quiz

93

e Given the following training data. What is the 10 fold

—

cross-validation (LOOCV) accuracy if 1 nearest neighbor

e e S

classifier with Manha'Lctan distance is used?
x (LY 12 [(2[/R[3T2]4]5 ] 5)

y NIA213 113 2213 132 |1 L

e A: 20 percent, B: 40,\C. 605 D: 80, E: | do not understand.

201 32> 2z373 | 2
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Tokenization

Motivation

@ When processing language, documents (called corpus) need to
be turned into a sequence of tokens.

@ Split the string by space and punctuations.

© Remove stopwords such as "the”, "of", "a", "with" ..

© Lower case all characters. 3

© Stemming or lemmatization words: make "looks", " Iooked"]
"looking” to "look".
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Vocabulary

Motivation

e Word token is an occurrence of a wordlv

C——

e Word type is a unique token as a dictionary entry.
<
° Vg_ca%a/g is the set of word types.

@ Characters can be used in place of words as tokens. In this
case, the types are "a", "b",....," 2", " ", and vocabulary is
the alphabet. - B

&)
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Bag of Words Features

Definition

@ Given a document / and vocabulary with size m, let ¢j; be the
count of the word j in the document / for j =1,2,..., m.

e Bag of words representation of a document has features that
are the count of each word divided by the total number of
words in the document.

0 :

Xj = =
2. i ") LaJ\
=1

o O
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Bag of Words Features Example

Motivation

e Given a training set, the set of documents is called a corpus.
Suppose the set is | am Groot™, "I am Groot”, ... (9 times)

M_rggt". The vocabulary i1s "I" "am” ”Groot" "w

"are”, then the bag of words feature W|II have the foIIownng
. T

training set. 7 o Grar We Ape

&
T T 171 e
R g D
N | _ _ .
Yo 3130390
Ll :
Ny = |33 :
00

s

L

[wl
ol 4 o
\
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TF IDF Features

Definition

@ Another feature representation is called tf-idf, which stands
for normalized term frequency, inverse document frequency.

Cr . n
tf j = ———, idf ; = log —
max Cjj
J D Lt ci>0)
=1
Xjj = tf ij idfj'

n
@ nis the total number of documents and Z ﬂ{c--}O} s the
: if

=1
number of documents containing word .

Sampling

Y Y Y
WAL
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Unigram Model

Definition

@ Unigram models assume independence.

d
P{z,2,....2q} = | [ P{z]}
el t=1

e
—

@ In general, two events A and B are independent if:
P{A|B} = P{A} or P{A,B} =P{A} P{B}

e For a sequence of words, independence means:

P{ﬁlzt—lazt—Qs"'azl} = P{Zt}
l—’——%¥ Q
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Maximum Likelihood Estimation

Definition

o P{z} can be estimated by the count of the word z

@ This is called the maximum likelihood estimator because it
maximizes the probability of observing the sentences in the
training set.

Sampling

YO
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Bjgram Model

Definition

e Bigram models assume Markov property.

—

—

d
P{z,2,....,2q4} = P{z} 1_[ P{zt|ze—1}
t=2

@ Markov property means the distribution of an element in the
sequence only depends on the previous element.

} = P{zt|zt—1}
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Markov Chain Demo

Motivation
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Conditional Probability

Definition

@ In general, the conditional probability of an event A given
another event B is the probability of A and B occurring at the
same time divided by the probability of event B.

~ P{AB}
SIP{A|By— 5B

e For a sequence of words, the conditional probability of
observing z; given z; 1 is observed is the probability of
observing both divided by the probability of observing z; 1

first.
P{z¢|ze—1} =
——— @
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Bigram Model Estimation

Definition

e Using the conditional probability formula, P{z:|z;_1}, called
transition probabilities, can be estimated by counting all
bigrams and unigrams.

Plake 45 B0 &
23

=

MmLC ,
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Unigram MLE Probability
Quiz

@ Given the training data | am Groot am I”, with the unigram
model, what is the prob{ﬁlity of observing a new sentence " |

ELT 2 T
Pr §omy < z S
0 {Grat = L 3

—
o
4!
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Bigram MLE Probability
Quiz

e Given the training data "l am Groot am I', with the bigram
model, what is the probability o? observing a new sentence "|

am |" given the first word is "L ?

p— Pm(g \‘H'\V( prev 'S S‘ \

V(Yiz'_}_): roct 15 A
B \
- !
QMS oo™ __]2 J(\t

W o [ 18, 0§ 2 Jow

~

Ve( L



Nearest Neighbor Natural Language Processing Sampling
000000000000C 0000000000000 e00000000 0000

Unigram MLE Probability
Quiz

m—

: - - oY . :
@ Given the training data "| am Groot am |”, with the unigram
» .1 . (Q "
model, what is the probeTETllty of observing, a new sentence "|

am Groot”? ke
= oken £
@ A: [ am Groot (translation: | don't understand). G‘[‘

OBE " i
2:’ Prf”"f?rfah3=§

oC—5 PiC_tB—-' E

i< r\ T T T

L

OE:FS ‘\’ S'?
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Bigram MLE Probability
Quiz

e Given the training data "| am Grootigl I”, with the blgram

model, what is the probability of observmg a new sentence " |
am Groot" given the first word is "["7?

@ A:l am Groot (translation: | don't understand).

:s'PJIMJ fn
Mi,,,q
Prf@u/zs'“ ’

5

1
o C: -

5 #au

1 P 5@‘_»,( (AN e - \|.
) D:l—0 L“j”’" ‘ ) ’_/-.S $ tm >

oE:i ‘7(Y 1 o CV\W‘»\ 1'\ /
= 0] an |13 00 Geot | o2 4
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Transition Matrix

Definition

@ These probabilities can be stored in a matrix called transition
matrix of a Markov Chain. The number on row j column j' is
the estimated probability P {;/|j}. If there are 3 tokens
{1,2,3}, the transiltion matéi_x is the following.

——[P{11} P{2)1} P{EI}] — ren wp = |

| P{12) P22} P{3[2)
3_11’%{13} P{2|13} P{3]3}

p—

e Given the initial distribution of tokens, the distribution of the
next token can be found by multiplying it by the transition
probabilities.
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Estimating Transition Matrix

Suppose the vocabulary is "I, "am”, " Groot”, "we",
the tﬂni\n@{c contains 9 "I am Groot” then 1 "We are Groot".

Natural Language Processing

0000000000000 000e00000

Definition

Then the transition matrix is:

— | | am | Groot | we | are

— | 1 _|0K1)h 0 |00
am 0O O 1 0 0

Groot § 0 0 1 0

we _'% 0 0 % 1

are 0| O 1 0 0

are

n

. and

Sampling
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Trigram Model

Definition

@ The same formula can be applied to trigram: sequences of
three tokens.
O

{Ztl_t_l z ZJ‘_ Czy_2,2e_1,2t v
CZt 2,Zt—1 0
aﬂm ZALWATS

@ In a document, likely, these longer sequences of tokens never

appear. In those cases, the probabilities are 0 Because of
this, Laplace smoothing adds 1 to all counts.

Czt_2,2t—1,2t __Q_

CZt—Zszt—-l + m

P—————

]P’ {Zt|zt—la Zt—2} =
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Laplace Smoothing

Definition

e Laplace smoothing should be used for bigram and unigram
models too. b o

training to compute entropy. —{

e Aside: Laplace smoothing can also be used in decision tree}
resv\\mﬁ LeIA 09 VI

-
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Smoothing Example
Quiz

[ #‘”"7"& w oot ’\'Yl?@‘

e Given a vocabulary of 10°, a document with 10'? tokens with
CGroot = 3. What is the MLE estimation of P{ Groot } with
and without Laplace smoothing? -

N 3 N Bfl
?{C\misf fO‘L . VICM{S - {o’a+| d

Sy
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Smoothing Example 2
Quiz

@ Given the training instance with 9 "| am Groot” followed by 1
"We are Groot”, what is the MLE estimation of P { Groot }
QA with Laplace smoothing?

@ A: [ am Groot (translation: | don't understand).

o b 2o
'35 £ Coot ©
PTC""«*}: ===
CC:g l:r.fp]cw\-‘-:"é
oD‘E }0 g
31
oE:1
4
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Smoothing Example 3
Quiz

@ Given the training instance with 9 "| am Groot” followed by 1
"We are Groot”, what is the MLE estimation of P { Groot | | }

@ with Laplace smoothing?
@ A:Y am Groot (translation: | don't understand).
1 O
gl o+
e B: 70 C?- Coront. )
) i
1 s —

AT T 5 ¢

e E: O
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Sampling from Discrete Distribution

Discussion

e To generate new sentences given an N gram model, random
realizations need to be generated given the conditional
probability distribution.

@ Given the first N — 1 words, z1., 25, .... zy_1, the distribution of

next ward is approximated by
Dy =% IP'DEN = Xx|zny-1,2N-2. ..., Z1}. This process then can be

repeated for on 2, z3, ..., Zzy_1, Zy and so on.

K/‘n;f C’O.))
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Natural Language Processing
YO00000000000000000000 o] lele

Nearest Neighbor
) J)OOOOOOOOOO00

CDF Inversion Method Diagram

Discussion

ol

vf ¥ 3 % = )
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Generating New Words 1
Quiz

@ Given the transition matrix for words "1” "am” " Groot”,
starting a sentence with the

and a uniform random
variable v = 0.5 is produced. at is the next word?
= sl o =~ Cn

-

9.\ d.v 0.4
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Generating New Words 2
Quiz

e Given the transition matrix for words am” " Groot”,
starting a sentence with the "4’am” and a uniform random
variable u —fO .75)is prfduced hat Is the next word?

2 0.1 05 04 0-—”\
Am ‘@ 0.4 04 —y :
(oot 03 02 05 .
- - 206 ) D0

e A: I, B: am, D: | don't understand





