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Bag -of -Words ( BoW )

ID
ךּ ךּ שּ ךּ

︡
ךּ

1
2 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0

2
1 0 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0

3
1 1 0 0 2 0 0 0 0 1 1 1 0 0 0 0 0 0

4
1 0 0 0 1 0 0 1 0 0 0 0 1 1 1 0 0 0

5
0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 1 1

Â

Â

Â

Â

Â
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TF- IDF

Â

TF IDF

ÂTF (Term Frequency)

ü

ü

ü

ÂIDF (Inverse Document Frequency)

ü

üIDF=log / w

ü

ÂTF-IDF

TF-

IDF cos

ID

1 2 1 1 0 0 4

2 1 2 0 0 0 3

3 2 0 1 0 0 3

4 0 0 0 1 1 2

Bag -of -Words

TF- IDF

ID

1 0.144 0.173 0.173 0 0

2 0.096 0.462 0 0 0

3 0.192 0 0.231 0 0

4 1 0 0 0.693 0.693

ID=1 TF-IDF

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)

ÂLSA Bag-

of-Words

1990

ü

3

ü

Â

Bag-of-Words TF-IDF

Â

Â

Â

LSA
X = UΫV t

X U V tΫ

m n m k k k k n

LSA

U 1 2 3 4

1 -0.47 -0.75 -0.46 0.11

2 -0.61 -0.10 0.69 -0.37

3 -0.27 0.41 -0.54 -0.68

4 -0.58 0.52 -0.10 0.62

Vt 1 2 3 4 5

1 -0.51 -0.49 -0.38 -0.37 -0.47

2 -0.27 0.14 0.80 -0.50 -0.09

3 0.47 0.43 -0.35 -0.67 -0.14

4 0.61 -0.74 0.23 -0.18 0.07

Ɇ
1 2 3 4

1 7.7 0 0 0

2 0 2.8 0 0

3 0 0 2.0 0

4 0 0 0 0.6
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NMF (Non -negative Matrix Factorization)

ÂNMF

Bag-of-Words

1999

Â

ü KL

ÂLSA

Â

Â

Â

NMF
X = WH t

X W H t

m n m k k n

NMF

W 1 2 3 4

1 0.22 0.48 0.16 0.39

2 0.35 0.12 0.07 0.88

3 0.11 0.58 0.24 0.14

4 0.29 0.27 0.60 0.20

Ht 1 2 3 4 5

1 4.34 0.03 1.21 2.24 1.87

2 3.41 1.89 2.81 0.46 1.03

3 0.38 2.24 1.09 5.62 0.06

4 1.85 3.66 0.08 2.11 4.16
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PLSA (Probabilistic Latent Semantic Analysis)

ÂPLSA LSA

Bag-of-Words

1999

Â P( , )

3

P( | ), P( | ), P( )

Â EM

ÂLSA TF-IDF

PLSA

Â

Â

Â

Â

PLSA

P( d,w ) = ΫzP( d|z )P( w|z )P(z)

d z w
P( d|z ) P( w|z )

P(z)

PLSA

1 2 3 4

1 0.41 0.16 0.06 0.27

2 0.29 0.54 0.11 0.06

3 0.22 0.13 0.04 0.58

4 0.08 0.17 0.79 0.09

P( d | z)

1 2 3 4

1 0.11 0.09 0.44 0.20

2 0.09 0.38 0.04 0.18

3 0.50 0.11 0.29 0.09

4 0.08 0.14 0.17 0.31

5 0.22 0.28 0.06 0.22

P(d|z) P(w|z)

P( w | z)

P( z)
ɆdP(d|z) = 1

ɆwP(w|z) = 1

ɆzP(z) = 1

1 2 3 4

0.31 0.27 0.23 0.19

P(z)
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LDA (Latent Dirichlet Allocation)

ÂLDA PLSA

2003

Â ɗ=P( | ) ű=P( | )

ÂPLSA

LDA

Â

ÂLDA

"ɗ" "w"

"ű""Ŭ""ɗ" 

Â Ŭ ɓ

Â

LDA

z wͧ

ͽ

͠

͡

Ŭ,ɓ>1

Ŭ,ɓ=1 PLSA

1>Ŭ,ɓ>0

LDA w z

d P(z|d)

ɗ P(w|z) ű

ű

ɗ ű Ŭ ɓ

LDA

w ɗ ű

͠,͡

P(z|d)

P(w|z)
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word2vec

Âword2vec 2013

Âword2vec

CBoW Skip-Gram 2

üCBoW (Continuous Bag of Words)

Skip-Gram

Â

ü GoogleNews-vectors-negative300

300 300

Â ID

word2vec

ID

doc2vec

Âword2vec

CBoW Skip -Gram

/ / / / / / / / / /

CBoW

Skip-Gram

β =3

  ԇ 

word2vec

4

word2vec= (1.2, 0.6, -0.8, 2.0)

= (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)

ÂRNN

1986

ü

ü

ü

Â

ü

ü

ü 0

RNN

y(1) y(2) y(3) y(t)

x(1) x(2) x(3) x(t)

h(1) h(2) h(3)h(0) h(t)

βh(0)

tanh tanh tanh tanh
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LSTM (Long Short -Term Memory)

ÂLSTM RNN

1997

üRNN h c

ü 3

RNN

ü c

ü x h

ü h y

ÂLSTM  RNN

RNN 10

LSTM 20

ÂLSTM

LSTM

y(1) y(2) y(3) y(t)

x(1) x(2) x(3) x(t)

h(1) h(2) h(3)h(0) h(t)

c(1) c(2) c(3)c(0) c(t)

LSTM

c(t-1) c(t)

h(t-1)

h(t)

x(t)

y(t)
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NMT (Neural Machine Translation)

ÂNMT seq2seq

Encoder-Decoder

2014

ü seq2vec

vec2seq

ÂRNN LSTM seq2vec vec2seq

seq2seq

seq2seq

 seq2vec vec2seq

üseq2vec

RNN LSTM

üveq2seq

RNN LSTM

üseq2seq RNN LSTM

NMT ṕRNN Ṗ

x(1) x(2) x(m)

h(1) h(2)h(0) h(m)

y(1) y(2) y(n)

S(1) S(2)h(m)

START

βh(0)

S(n)
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Attention

ÂAttention

2014

ü seq2seq

üAttention

ü

RNN LSTM

ÂAttention

Attention weight

ü

ü

Attention

y(t-1) y(t)

s(t-1) s(t)

h(1) h(2) h(m)

x(1) x(2) x(m)

a1 a2 am

y(t-1) y(t)

s(t-1) s(t)

h(1) h(2) h(m)

x(1) x(2) x(m)

C(t-1)

a1 a2 am

Attention

Ḵ

The night isview Hakodate beautifulof

"beautiful"

Ҝ

Attention a

s

h tanh (Ws+Ut)
e

e softmax

1 a W,U,V

W

U

VT
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Transformer Attention -
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Transformer

ÂTransformer 2017 "Attention is All You 

Need" Attention

-

Â3 Attention

üSelf-Attention

Attention Source

Target Source-Target

Attention Self-Attention

üScaled Dot-Product Attention

Self-Attention

üMulti-Head Attention

Self-Attention

Â sin,cos

Â seq2seq

Transformer

Self-Attention Self-Attention

Source-Target Attention

Source-Target Attention

Scaled 

Dot-Product Attenion

Self -Attention Scaled Dot -Product Attention

( )

( )

3
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BERT (Bidirectional Encoder Representations from Transformers)

ÂBERT Transformer

2018 10 Google 2019 10

ÂTransformer

Â

ÂBidirectional Self-Attention

Â

MLM

Masked Language Model

Â

ÂBERT-large 3.4

10GB

BERT Self -Attention

/ / / / / / / / / /

BERT

BERT

ID

1

2

3

4

5

1
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GPT Transformer
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GPT (Generative Pre - trained Transformer)

ÂGPT Transformer

2018 6 OpenAI

ÂTransformer

ÂSelf-Attention

Â

Â

Few-Shot Learning

ÂOpenAI 2019 GPT-2 2020 GPT-3

2022 11 GPT-3.5

"ChatGPT" 2 1

ÂGPT-3 1750

570GB

GPT Self -Attention

/ / / / / / / / / /

GPT Few -Shot Learning

Good morning.

Iôm pleased to meet you.

Thank you for your message. 

5

Few-Shot

One-Shot

Zero-Shot
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T5 (Text - to -Text Transfer Transformer)

ÂT5 Transformer

2019

10 Google

ÂTransformer -

Â

Â

" "

ÂGPT few-shot learning

(shot) GPT

T5

ÂT5

Â T5-Base 2.2 T5-11B 110

T5

T5

MASK

/ / / / / / / / / /

Self-Attention

/ / / / / / / / / /

translate English to German

That is good.

sentiment

This food is very delicious.

Das ist gut.

Positive

T5

( )
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Attention

Transformer

BERT GPT

(LLM ḲLarge Language Models)

T5
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Â

BERT

Â

GPT

Â

GPT T5

Â

GPT

Â

Â

Â GPT

Â BERT

Â
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PLSAṕ Ṗ

Â x y

z

Â

(Hofman, 1999)

Â

ID
1 2 3 5,014 5,015

1 0 0 1 1 0

2 1 0 2 0 1

ID
1 2 15

1 0.09% 0.03% 0.04%

2 0.01% 0.12% 0.06%

z

x y

P(z)

P(x|z) P(y|z)

╟●ȟ◐
◑
╟●◑╟◐◑╟◑

¸ P(x|z), P(y|z), P(z)

3

¸ z

β P(A | B)

B

A

x y

z

2

2

ú ṕ Ṗ

PLSA PLSA

PLSA
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PLSA

LSA
(Latent Semantic 

Analysis)

PLSA
(Probabilistic Latent 
Semantic Analysis)

LDA
(Latent Dirichlet  

Allocation)

ÅWard

Å

Å

Å

Åk-means

Å

Å

Å

Å

Å

Å

Å

Å

Å(m n)

(m k),(k k),(k n)

Åm n

k

Å

TF-IDF

ÅLSA

ÅLSA

ÅP(x,y)

P(x|z),P(y|z),P(z)

Å x y

z

Å

ÅPLSA

ÅPLSA

LDA

Å

Å

Å

Å

Å
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X1

X2

X4

X3

X5

P(X2|X1,X5)

P(X4|X1)

P(X3|X2)

P(X5|X4)

P(X1)

β P(A | B)

B

A

Â

Â

Â

Â

Â X2

X1 X5

ҜX1 X5 X2 ò ò

Â X1 X5

ҜX1 X5 X2 X1 X5

X
2

P(X2)

P(X2|X1)

P(X2|X1,X5)

X1 X X5

P(X2|X5)

X5
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Å 1
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AI

AI AI AI

PLSA

LDA

Transformer  T5

BERT GPT

RNN LSTM NMT

CNN GAN

AI AI AI

Diffusion model
β
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AI ḲNomolytics

PLSA

Ӵ ї Ḍӓ
0 500 1,000 1,500 2,000 2,500 3,000 3,500

Nomolytics

ᶦ ͜ѝ

Nomolytics : Narrative Orchestration Modeling Analytics

 6085888
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Â 3,740 3,400 10%

Â B5 352

ÂISBN 978-4-274-23048-6

Â 2023 7 18

Â

Âhttps://www.ohmsha.co.jp/book/9784274230486/

Â

1

2

3 BayoLinkS

4

5 ID-POS

6

7

8

9

10

11

12

https://www.ohmsha.co.jp/book/9784274230486/
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10 30,039
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Â

ü

Â

ü

Â

ü2006 1 1 2015 12 31

Â

üPatentSQUARE

Â

ü30,039

Â

ü

Â
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Nomolytics
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6,315,000

6,320,000

6,325,000

6,330,000

6,335,000

6,340,000

6,345,000

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

A
IC

PLSA

56

PLSA

1578 100 4 1

85 144 45 50

100 105 51 67

142 95 64 63

Ҝ

Ҝ

Ҝ

Ҝ

PLSA

P(X|Z)

P(Y|Z)

P(Z)

Z

X Y

P(Z)

P(X|Z) P(Y|Z)

3,106

2,846

2,790

2,687

2,481

2,328

2,047

2,005

é

Ҝ 1,575

Ҝ 1,325

Ҝ 578

- 545

- 539

- 334

- 296

- 279

...

PLSA

5

AIC AIC

3

P(X|Z) P(Y|Z)

2023 12 14

10

(3,256 ) (2,084 )

(5,187 ) (7,174 )

P(X|Z) P(Y|Z)
5.5% 2.1%
5.2% 1.7%
4.1% 1.7%
3.6% 1.5%
3.5% 1.3%
2.3% 1.0%
1.9% 1.0%
1.9% 1.0%
1.6% 0.9%
1.5% 0.9%

 T32
P(Z) = 2.7%

T32
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P(Z)

P(X|Z) P(Y|Z)

PLSA Nomolytics PLSA

1 2 3 4

ID:1 1 1 0 0

ID:2 0 0 2 0

ID:3 0 0 0 1

ID:4 2 0 0 0

a b c d

1 325 264 11 20

2 241 201 6 8

3 28 41 288 14

4 9 15 4 172

Â Bag-of-Words

º0º

ÂPLSA

ID

Â

Â

P(Z)

P(X|Z) P(Y|Z)
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25

U01. U02.
U03.

U04
U05.

( )

U06.
( )

U07. U08. U09. U10.

U11.
U12.

( )
U13.

U14.
( )

U15.

U16. U17.
U18.

U19.
U20.

( )

U21.
U22.

U23.
( )

U24. U25.
( )

β
5

2023 12 14
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59

47

T01. T02. T03. T04. T05.

T06.
T07. T08. T09.

T10.

T11.
T12.

( )
T13.

T14.
( )

T15.

T16.
T17. T18. T19. T20.

T21.
( )

T22. T23.
T24.

T25.

2023 12 14
β

5
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T26.
T27.

( )
T28. T29. T30. Ẁ

T31. T32. T33. T34.
T35.

T36.
( )

T37. T38.
T39.
( )

T40.

T41.
T42. ( )

T43.
T44.

T45.

T46.
T47. (

)
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β
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ID

{1: , 0: }

62

ID ID T01 T02 T03 T47

1 1 3.1 0.9 2.0 1.1

1 2 1.4 0.2 5.5 2.4

2 1 0.8 5.8 1.3 0.9

2 2 1.2 3.2 1.7 1.0

2 3 0.6 1.8 2.6 3.6

ID T01 T02 T03 T47

1 3.1 0.9 5.5 2.4

2 1.2 5.8 2.6 3.6

ID T01 T02 T03 T47

1 1 0 1 0

2 0 1 0 1

S

Z

X Y

P(Z)

P(X|Z) P(Y|Z)

Sx Sy

P(Sx|X) P(Sy|Y)

P(S|Sx) P(S|Sy)

Â

Â

╟╢ȿ╩

╟╩

ID
β

β 3
Sx

Sy

ὢ Ὓὼ

ὤ Ὓὼ

ὢ Ὓὼ
ὢ

Ὓὼ ὢȟὢȟỄȟὢ

ὖὛὼȿὤ ὖὛὼȿὢ ὖὢȿὤ

ὖὛὼ ὢ ρȾὲὢ

ὣ Ὓώ

ὤ Ὓώ

ὣ Ὓώ

ὣ

Ὓώ ὣȟὣȟỄȟὣ
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1 2006 1 0 0 0 1 0

2 2009 0 1 0 1 0 0

3 2011 0 0 1 1 0 0

4 2013 0 1 0 0 1 1

30039 2012 0 1 0 1 1 0
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