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Nomolytics
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& (NLP: Natural Language Processing)
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Bag -of -Words ( BoW )

Bag-of-Words
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TF-IDF

TF-IDF Bag-of-Words

~

A Bag - of - Words
TF IDF
A ID
A TF (Term Frequency) 1 > 1 1 5 5 p
u 2 | 1 2 0 0 0 3
u 3| 2 0 1 0 0 3
U 4 0 0 0 1 1 2
A IDF (Inverse Document Frequency) TF-IDF
U ID
1| 0144 | 0173 | 0.173 0 0
u IDF=log / w 2 | 0.096 | 0.462 0 0 0
i 3 | 0.192 0 0.231 0 0
4 1 0 0 0.693 | 0.693
A TF-IDF
TE. ID=1 TF-IDF
IDF cosS TF=2/4=0.5

IDF = log (4/3) =0.288
TF-IDF = 0.5 * 0.288 = 0.144
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LSA (Latent Semantic Analysis)

LSA

A LSA
of-Words
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Bag-
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LSA 4

m n m k k k k n
LSA
U 1 2 3 4 E 1 2 3 4
11-0.471-0.751-0.46| 0.11 11 7.7 0 0
21-0.61(-0.10| 0.69 | -0.37 2 28| 0 0
3(-0.27] 0.41 | -0.54 | -0.68 3 2.0 0
41-0.58] 0.52 1-0.10] 0.62 4 0 0.6
Vi 1 2 3 4 5

-0.51 | -0.49 | -0.38 | -0.37 | -0.47
-0.27 ] 0.14 | 0.80 | -0.50 | -0.09
0.47 | 0.43 | -0.35 | -0.67 | -0.14

0.61 | -0.74 | 0.23 | -0.18 | 0.07
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NMF (Non -negative Matrix Factorization)
NMF

A NMF NMF A
Bag-of-Words X = WH!
t
1999 X |=[{wlx__"
A
m n m Kk k n
u KL NMF
A LSA W 2 3 4
1 0.22 0.48 0.16 0.39
A 2 0.35 0.12 0.07 0.88
A 3 0.11 0.58 0.24 0.14
4 0.29 0.27 0.60 0.20
Ht 1 2 3 4 5
A 1| 434 | 003 | 121 | 224 | 1.87
2| 341 | 189 | 281 | 0.46 | 1.03
3| 038 | 224 | 1.09 | 562 | 0.06
4| 185 | 366 | 008 | 211 | 4.16
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PLSA (Probabilistic Latent Semantic Analysis)

PLSA LSA
PC | ) PC | ) P( )

A PLSA LSA PLSA

Bag-of-Words P(dw)=Y,P(d|z )P(w|z )P(z)

1999
A P( )
3
P( | ), PC | ), P( )
A EM
PLSA
A LSA TF-IDF P( d] 7) P( w| 2)
PLSA
PAIZ)l 1| 2| a| 4l [P0 | 2| 3| a4
R 1041 016|006 | 027 1]011 (009044020
A 2 | 029|054 011|006 2 /009 | 038004018
A 3022013004058 31050 0.11 | 0.29 | 0.09
4 |0.08|0.17|0.79 | 0.09 4008014017031
A 5022028006 | 022
P( z)
ZysP(dlz) =1
A P@ 1 1| 2| 3| 2, P(wj2) = 1
wlz) =
0.31 | 0.27 [ 0.23 | 0.19

ZP(2)=1
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LDA (Latent Dirichlet Allocation)

LDA PLSA

A LDA PLSA
2003
A d=P(C | ) d4d=P( | )
A PLSA
LDA
~ LDA w z
A d P(z|d)
d P(w|z) d
R I LDA
g™ u" "t d" w d a
A Ub ~ . 1
1
A 1 PLSA
1>U0, b>0

21 2023 12 14 © 2023 Analytics Design Lab Inc.



22

1-4.

2023 12 14

3

Al

© 2023 Analytics Design Lab Inc.



word2vec

word2vec

A word2vec 2013

A word2vec
CBoW Skip-Gram 2

u CBoW (Continuous Bag of Words)

Skip-Gram
A
u GoogleNews-vectors-negative300
300 300
A ID
word2vec
ID
doc2vec
A word2vec
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B =3
’1
word2vec
4
=(1.2, 0.6, -0.8, 2.0) word2vec

=(1.3,0.5, -1.0, 1.9)
=(1.1,0.7, -0.9, 2.1)
= (1.0, 0.8, -0.7, 2.2)
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RNN (Recurrent Neural Network)

RNN

A RNN
1986
i
G ) T—<_|
0 ) t
A
RNN &
i
y(1) y(2) y(3) y(®)
h(0) 1 h(1) 1 h(2) 1 h(3) 1 h(t)
u 7 tanh ’ tanh ’ tanh T tanh T
) ) ) )
(i 0 x(1) X(2) X(3) X(t)
B h(0)
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LSTM (Long Short -Term Memory)

LSTM RNN
B AA=R
1997
U RNN h C y(1) y(2) y(3) y(t)
u s OO,
RNN ho)—Ihayl—h@)l—th@) L —ny
U C X(1) X(2) X(3) X(t)
a X h LSTM
0 h y C(t-1) == » C(t)
> h(t)
ALSTM RNN
RNN 10
LSTM 20 h(t-1)
ALSTM
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NMT (Neural Machine Translation)
NMT seq2seq RNN LSTM

ANMT seq2seq NMT PRNN i 4A4P
Encoder-Decoder
¥ seq2vec i i
vec2seq i y(1) y(2) y(n) i
ARNN LSTM seg2vec  vec2seq i h(m) S(1) S(2)  S(n) i
seg2seq i . B B B i
seq2seq i f Tt 11 t
seg2vec vec2seq ] START y(1) y(2) y(n-1) |
U seq2vec B ettt R TTTTmTTTTommmmmoooommoooooooooes d
RNN LSTM L
U veq2seq S Y
RNN LSTM ! h(0) h(1) h(2) h(m) |
H — > —>  —> '
: t t t
U seq2seq RNN LSTM i x(1) x(2) x(m) i
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Attention

Attention

A Attention

u seq2seq

U Attention

A Attention
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Transformer

Transformer Attention -

A Transformer 2017 "Attention is All You

. . Transformer T
Need Attention 'Source-Target Attention
A ' Scaled Source-Target Attention
A3 Attention . Dot-Product Attenion J 1 ﬂ
U Self-Attention [
Attention Source
Target Source-Target Self-Attention Self-Attention
Attention Self-Attention T T
U Scaled Dot-Product Attention Self - Attention ~ Scaled Dot - Product Attention

Self-Attention

U Multi-Head Attention
Self-Attention

A sin,cos =<

I
»
. )

A seq2seq

LN N
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BERT (Bidirectional Encoder Representations from Transformers)
BERT Transformer

A BERT Transformer BERT Self - Attention

2018 10 Google 2019 10

A TTTNETS S

A Transformer f I / I /

A BERT
Al : A
A Bidirectional Self-Attention 4-/1
; (= D
1
MLM
Masked Language Model 1A ?ERT >
- \/ 3
A
4
- I c
A BERT-large 3.4
10GB
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GPT (Generative Pre  -trained Transformer)

GPT Transformer

A GPT Transformer GPT Self - Attention

2018 6 OpenAl

A Transformer / ’ ' ‘ Y

A [ / I

GPT Few -Shot Learning
Few-Shot

A Self-Attention _
Good morning.

>

| 6m pleased to meet

o Thank you for your message.
A 4
One-Shot

Few-Shot Learning GI?,T
A OpenAl 2019 GPT-2 2020 GPT-3 1A
2022 11 GPT-3.5 J )
"ChatGPT" 2 1 N 7
Zero-Shot
A GPT-3 1750 5
570GB 7
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T5 (Text -to-Text Transfer Transformer)

T5 Transformer -

o / /

A GPT  few-shot learning MASK /

(shot) T G ¥

TS5

Self-Attention

A T5 Transformer T5
2019
10 Google translate English to German O

~ That is good. Das ist gut.
A Transformer - 4 T5

sentiment 1A

This food is very delicious. p \/ Positive
A ( )

T5 NV a
A

[

AT5 /A B N Y A | / /|

A T5-Base 2.2 T5-11B 110 —
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BERT GPT T5 Attention Transformer

Attention

Iranstormer =

BERT ‘ ‘ GPT

[ 5]

V.
(LLM K Large Language Models)
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PLSAp A
PLSA

PIISA i PLL.SA

A X y P(z)  P(X[2), Py2), P@)
z 3
A
(Hofman, 1999) P(x|z) P(y|z) ‘
A B P(A|B)
B
A
( A p A P Xy
z (eh) (o] D) [F(e| )| »
D 2 3 5014 | 5,015 I .”_ I I
1 0 0 1 1 0
2 1 0 2 0 1
Dy 2 15
1 | 0.09% | 0.03% 0.04%
2 | 0.01% | 0.12% 0.06%
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L) L)
LSA PLLSA LDA
1 ¥ (Latent Semantic (Probabilistic Latent (Latent | - Dirichlet
- Analysis) 4 Semantic Analysis) - Allocation)

A Ward A k-means A A LSA A PLSA
A A A (m n) A LsA
(m k),k k),Kk n) A PLSA
A P(xy) LDA
Am n P(x|z),P(y|2),P(z)
A A k
A X y
z A
A
A A
A TF-IDF
A A
A A
A
A
A A
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A
A
A
A
P(X2|X1,X5) P(X3|X2)
P(X5|X4)
B P(A|B)
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i\ P(X2|X1)

P(X2|X5)

P(X2[X1,X5)

AN
X
X1 X5 X X5

A X2

X1 X5

KX1 X5 X2 o) o
A X1 X5

K X1 X5 X2 X1 X5
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RNN LSTM NMT
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BERT GPT
Diffusion model y
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6340,000 8
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6,325,000
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151617 181920 21 22 2324 2526 27 28 293031 323334 35
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P(X|2)
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P(X|2) P(Y|Z)
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POz [Pz
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PLSA

A Nomolytics

P(2) P(2)

P(X|2)

P(Y[2) P(X|2) P(Y[2)

1 2 3 4 a b Cc d
ID:1 1 1 0 0 1 325 264 11 20
ID:2 0 0 2 0 2 241 201 6 8
ID:3 0 0 0 1 3 28 41 288 14
ID:4 2 0 0 0 4 9 15 4 172
A Bag-of-Words A i
°© Qo A ) N A )
A A
A PLSA A
ID
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