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° %Tn =prd ﬁﬁ (natural language understanding, NLU) (1956)

* l‘l‘ﬁl % (computational linguistics, CL) (1960s)
° @h,:,: IF (natural language processing, NLP) (1970~80s)
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§7k (human language technology, HLT) (1980s)
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Output
Probabilities

Linear

A

-~

| Add & Norm h

Feed
Forward

1 N
f_"l Add & Norm |
Feed
Forward

—

Multi-Head

Attention

NK | —~{AddaNom )

t ¥ ) (5%
| Add & Norm :

Masked

| Add & Norm ;

~

|
|
|
|
Multi-Head I Multi-Head
Attention 1 Attention
At 2 : At
\.\'_ 1A _JJ
Poditional : Positbonal
, D ' &)—@ :
Endoding I i Encogding
Input ' QOutput
Embedding : Embedding
|
] ! I
Inputs — - -Outputs — =~ -

(shifted right)

Figure 1: The Transformer - model architecture.
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1. The piano is a popular musical instrument...

Piano 2. Pressing a piano key causes a felt-tipped hammer...

3. The piano has an enormous note range.

1. A clarinet is a woodwind musical instrument. ..

Accordion | 2. It1s a long black tube with a flare at the bottom

3. The player chooses notes by pressing keys and holes.

Musical
Instruments

1. An accordion is a portable musical instrument.
2.0One keyboard is used for individual notes and the other

Clarinet for chords.
3. Accordions produce sound with bellow that blow air
through reeds SAEH, SALHISARE, EMREI4
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F. Pereira et al. Toward a universal decoder of linguistic meaning from brain activation, Nature Communications, 2018, 9(1):963
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fMRI60: Tom M. Mitchell et al. 2008. Predicting human brain activity associated with the meanings of nouns.

Science, pages 1191-1195

fMRI180: Francisco Pereira et al. 2018. Toward a universal decoder of linguistic meaning from brain activation.

Nature Communications, 9(1):963-963
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carrot the [MASK] is his favorite vegetable.

fMRI60 CMC

- hammer she puts the [MASK] down on the ground.

ability he has the [MASK] to cultivate creativity.

fMRI180 CMC , ,

- damage the accident left some serious [MASK].
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   𝒇 i =  1 k  ∑  t = 1 k   𝒘   j t ′
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