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Òðàíñôîðìåðû äîêàçàëè ñâîþ ýôôåêòèâíîñòü â
êà÷åñòâå àðõèòåêòóðû DNN â ñàìûõ ðàçíûõ îáëàñòÿõ.

Ïîèñê èíôîðìàöèè

Ìàøèííûé ïåðåâîä

Ðàñïîçíàâàíèå ðå÷è

Ïðåîáðàçîâàíèå òåêñòà â ðå÷ü

Êîìïüþòåðíîå çðåíèå

Îáó÷åíèå ñ ïîäêðåïëåíèåì

Ãåíåðàòèâíûé ÈÈ

(LLM-ìîäåëè, ìîäåëè

ïðåîáðàçîâàíèÿ òåêñòà â

èçîáðàæåíèå, ïîäïèñûâàíèå

èçîáðàæåíèé è ò. ä.)

Ìíîãî÷èñëåííûå

ñïåöèàëèçèðîâàííûå ñèñòåìû

(íàïðèìåð, AlphaFold)

...
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Â êà÷åñòâå îñíîâíîãî ïðèìåðà èñïîëüçîâàíèÿ ìû áóäåì
ðàññìàòðèâàòü ïîèñê/èçâëå÷åíèå èíôîðìàöèè.

Íàéäèòå ìíå âñå ðåéñû èç Áîñòîíà â àýðîïîðò Ëîñ-Àíäæåëåñà

çàâòðà óòðîì

Ñêîëüêî ïîêóïàòåëåé áðîñèëè ñâîè êîðçèíû ñ ïîêóïêàìè?

Íàéäèòå âñå êîíòðàêòû, ñðîê äåéñòâèÿ êîòîðûõ èñòåêàåò â

ñëåäóþùåì ìåñÿöå.
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Ñåãîäíÿ ìû ñîñðåäîòî÷èìñÿ íà ýòîì ïðèìåðå,
ñâÿçàííîì ñ ïóòåøåñòâèÿìè

Íàéäèòå ìíå âñå ðåéñû èç Áîñòîíà â àýðîïîðò Ëîñ-Àíäæåëåñà

çàâòðà óòðîì

Â ïîäîáíûõ ñöåíàðèÿõ èñïîëüçîâàíèÿ îáû÷íî ïðèìåíÿåòñÿ

ñëåäóþùèé ïîäõîä: ïðåîáðàçîâàíèå çàïðîñà íà åñòåñòâåííîì

ÿçûêå â ñòðóêòóðèðîâàííûé çàïðîñ (ò.å. SQL), êîòîðûé ìîæíî

èñïîëüçîâàòü äëÿ ïîèñêà èíôîðìàöèè â áàçå äàííûõ.

Äëÿ ýòîãî íàì íåîáõîäèìî àâòîìàòè÷åñêè èçâëåêàòü ñóùíîñòè,

ñâÿçàííûå ñ ïóòåøåñòâèÿìè, èç çàïðîñà íà åñòåñòâåííîì ÿçûêå.
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Ìû áóäåì èñïîëüçîâàòü íàáîð äàííûõ Èíôîðìàöèîííîé ñèñòåìû

àâèàêîìïàíèé (ATIS)1.

1https://aclanthology.org/H90-1021/
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Èçâëå÷åíèå ¾ñóùíîñòåé¿ èç åñòåñòâåííîãî ÿçûêà

Äàíà çàïðîñ íà åñòåñòâåííîì ÿçûêå. . .

Ââîä: ß õî÷ó âûëåòåòü èç Áîñòîíà â 7 óòðà è ïðèáûòü â Äåíâåð â

11 óòðà.

... êëàññèôèöèðîâàòü êàæäîå ñëîâî â çàïðîñå ïî

ñîîòâåòñòâóþùåìó ¾ñëîòó¿.
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Êëàññèôèöèðóéòå êàæäîå ñëîâî â çàïðîñå ïî
ñîîòâåòñòâóþùåìó ¾ñëîòó¿ � Ïðèìåð

I want to �y from OOOOO

boston B-fromloc.city_name

at O

7 am B-depart_time.time I-depart_time.time

and arraive n OOO

denver B-toloc.city_name

at O

11 B-arrive_time.time

in the OO

morning B-arrive_time.period_of_day
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Òèïû ñëîòîâ â íàáîðå äàííûõ ATIS

B-aircraft_code,

B-airline_code,

B-airport_code,

B-arrive_date.date_relative,

B-arrive_date.day_name,

B-arrive_date.day_number,

B-arrive_date.month_name,

B-arrive_date.today_relative,

B-arrive_time.end_time,

B-arrive_time.period_mod,

B-arrive_time.period_of_day,

...

I-round_trip,

I-stoploc.city_name,

I-time, I-today_relative,

123 âîçìîæíûõ

ñëîòîâ!
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Êàê ìîæíî ðåøèòü ýòó çàäà÷ó ìíîãîêëàññîâîé
êëàññèôèêàöèè ñëîâ è âðåìåííûõ èíòåðâàëîâ?

I want to �y from boston at 7 am and arrive in denver at 11 in the

morning

O O O O O B-fromloc.city_name O B-depart_time.time

I-depart_time.time O O O B-toloc.city_name O B-arrive_time.time

O O B-arrive_time.period_of_day

Êàæäîå èç 18 ñëîâ, ïåðå÷èñëåííûõ âûøå, äîëæíî áûòü îòíåñåíî ê

îäíîìó èç 123 òèïîâ ñëîòîâ!

Åñëè áû ìû ìîãëè ïðîïóñòèòü çàïðîñ ÷åðåç DNN è ñãåíåðèðîâàòü

18 âûõîäíûõ ñèãíàëîâ (ïî îäíîìó äëÿ êàæäîãî âõîäíîãî ñëîâà â

çàïðîñå), ìû ìîãëè áû ïðèêðåïèòü ê êàæäîìó èç ýòèõ 18

âûõîäíûõ ñèãíàëîâ ôóíêöèþ softmax ñ 123 ïàðàìåòðàìè.
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×òî íàì íåîáõîäèìî ó÷åñòü?

Ìû õîòèì ïîëó÷èòü âûõîäíûå äàííûå òîé æå äëèíû, ÷òî è

âõîäíûå (÷òîáû ìû ìîãëè êëàññèôèöèðîâàòü êàæäûé âûõîäíîé

ýëåìåíò ïî ñîîòâåòñòâóþùåìó òèïó ñëîòà).

Êðîìå òîãî, ìû õîòåëè áû. . .

Ó÷èòûâàéòå êîíòåêñò êàæäîãî ñëîâà.
Ó÷èòûâàéòå ïîðÿäîê ñëîâ.
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Êîíòåêñò èìååò çíà÷åíèå

Çíà÷åíèå ñëîâà ìîæåò êàðäèíàëüíî ìåíÿòüñÿ â çàâèñèìîñòè îò

êîíòåêñòà.

Åäèíè÷íîãî âåêòîðíîãî âîëæåíèÿ � íàïðèìåð, GloVe � äëÿ âñåõ

êîíòåêñòîâ, â êîòîðûõ ìîæåò âñòðå÷àòüñÿ ñëîâî, íåäîñòàòî÷íî.
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Êîíòåêñò èìååò çíà÷åíèå

Çíà÷åíèå ñëîâà ìîæåò êàðäèíàëüíî ìåíÿòüñÿ â çàâèñèìîñòè îò

êîíòåêñòà.

Åäèíè÷íîãî âåêòîðíîãî âîëæåíèÿ � íàïðèìåð, GloVe � äëÿ âñåõ

êîíòåêñòîâ, â êîòîðûõ ìîæåò âñòðå÷àòüñÿ ñëîâî, íåäîñòàòî÷íî.
Ñëîâî Ïðèìåðû êîíòåêñòîâ

I will see you soon

see I will see this project to its end

I see what you mean

I went to the bank to apply for a loan

bank I am banking on the job o�er coming through

I am standing on the left bank

it The animal didn't cross the street because it was too tired

The animal didn't cross the street because it was too wide

The train left the station on time

station The radio station was playing 60s hits

I was stationed on a remote island in Polynesia
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Ïîðÿäîê èìååò çíà÷åíèå

äîáàâüòå ñâîè ñîáñòâåííûå ïðèìåðû
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Òðàíñôîðìåð àðõèòåêóòðà

Ñîîòâåòñòâóåò ÂÑÅÌ òðåáîâàíèÿì, êîòîðûå ìû îïðåäåëèëè ðàíåå

Ó÷èòûâàåò êîíòåêñò êàæäîãî ñëîâà
Ó÷èòûâàåò ïîðÿäîê ñëîâ
Ìîæåò ãåíåðèðîâàòü âûõîäíûå äàííûå, èìåþùèå òó æå äëèíó, ÷òî
è âõîäíûå

Ðàçðàáîòàíî â 2017 ãîäó. Îêàçûâàåò çíà÷èòåëüíîå è

ïðîäîëæàþùååñÿ âëèÿíèå íà ãëóáîêîå îáó÷åíèå.
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Âëèÿíèå òðàíñôîðìàòîðà íà Google Ïîèñê2

2https:

//blog.google/products/search/search-language-understanding-bert/
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Âëèÿíèå òðàíñôîðìàòîðà íà Google Ïîèñê3

3https:

//blog.google/products/search/search-language-understanding-bert/
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Òðàíñôîðìåð àðõèòåêóòðà4

4https://arxiv.org/abs/1706.03762
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Íà÷í¼ì ñ ýòîãî

Êàê ó÷èòûâàòü îêðóæàþùèé êîíòåêñò êàæäîãî ñëîâà

Êàê ó÷èòûâàòü ïîðÿäîê ñëîâ

Êàê ñãåíåðèðîâàòü âûõîäíûå äàííûå, èìåþùèå òó æå äëèíó, ÷òî è

âõîäíûå äàííûå
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Êàê ó÷èòûâàòü îêðóæàþùèé êîíòåêñò êàæäîãî ñëîâà
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Îò ýìáåääèíãîâ ê êîíòåêñòíûì ýìáåääèíãàì

Ìû ìîæåì ëåãêî ïîëó÷èòü îòäåëüíûå stand-elone embeddings äëÿ

âñåõ ñëîâ.

Êàê ìîæíî èçìåíèòü embedding ñëîâà ¾station¿, ÷òîáû îíî

âêëþ÷àëî â ñåáÿ îñòàëüíûå ñëîâà?
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Îò ýìáåääèíãîâ ê êîíòåêñòíûì ýìáåääèíãàì

Ïðåäñòàâüòå, ÷òî ìû êàêèì-òî îáðàçîì çíàåì, ñêîëüêî âíèìàíèÿ

ñëåäóåò óäåëÿòü äðóãèì ñëîâàì, òî åñòü, êàêîé âåñ èì ïðèäàâàòü.

Èíòóèòèâíî: Êàêèå ñëîâà äîëæíû èìåòü íàèáîëüøèé âåñ, à êàêîå

ñëîâî èìååò íàèìåíüøèé âåñ?
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Îò ýìáåääèíãîâ ê êîíòåêñòíûì ýìáåääèíãàì
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Îò ýìáåääèíãîâ ê êîíòåêñòíûì ýìáåääèíãàì

Ñëåäóåò óäåëÿòü áîëüøîå âíèìàíèå ñëîâó ¾station¿, íåìíîãî � ñëîâàì

¾slowly¿ è ¾left¿, è ñîâñåì íè÷åãî � àðòèêëþ ¾the¿.
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Îò ýìáåääèíãîâ ê êîíòåêñòíûì ýìáåääèíãàì

Ìîæåò áûòü, ÷òî-òî âðîäå ýòîãî?
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Îò ýìáåääèíãîâ ê êîíòåêñòíûì ýìáåääèíãàì

Êàê ìû ìîæåì èñïîëüçîâàòü ýòè âåñà äëÿ ¾êîíòåêñòóàëèçàöèè¿

stand-alon embedding w6 äëÿ ¾station¿?
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Îò ýìáåääèíãîâ ê êîíòåêñòíûì ýìáåääèíãàì

Èäåÿ: Äëÿ êàæäîãî ñëîâà ìû ìîæåì âû÷èñëèòü âçâåøåííîå ñðåäíåå

stand-alone embeddings âñåõ ñëîâ â ïðåäëîæåíèè.
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Îò ýìáåääèíãîâ ê êîíòåêñòíûì ýìáåääèíãàì
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Îò ýìáåääèíãîâ ê êîíòåêñòíûì ýìáåääèíãàì
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Äàâàéòå íàïèøåì ýòî áîëåå ôîðìàëüíî
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Êàê ñëåäóåò âûáèðàòü âåñîâûå êîýôôèöèåíòû äëÿ
çàäàííîãî ñëîâà (íàïðèìåð, ¾station¿)?
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Êàê ñëåäóåò âûáèðàòü âåñîâûå êîýôôèöèåíòû äëÿ
çàäàííîãî ñëîâà (íàïðèìåð, ¾station¿)?

Èíòóèöèÿ

Âåñ ñëîâà äîëæåí áûòü ïðîïîðöèîíàëåí ñòåïåíè åãî ñâÿçè ñî

ñëîâîì ¾station¿.

Îäèí èç ñïîñîáîâ êîëè÷åñòâåííîé îöåíêè ñòåïåíè ¾ñâÿçàííîñòè¿

äâóõ ñëîâ: ñêàëÿðíîå ïðîèçâåäåíèå èõ stand-alone embeddings.
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Êàê ñëåäóåò âûáèðàòü âåñîâûå êîýôôèöèåíòû äëÿ
çàäàííîãî ñëîâà (íàïðèìåð, ¾station¿)?

Èíòóèöèÿ

Âåñ ñëîâà äîëæåí áûòü ïðîïîðöèîíàëåí ñòåïåíè åãî ñâÿçè ñî

ñëîâîì ¾station¿.
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Êàê ñêàëÿðíûå ïðîèçâåäåíèÿ èçìåðÿþò ¾ñâÿçàííîñòü¿
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Ñêàëÿðíûå ïðîèçâåäåíèÿ ìåæäó embeddings ÿâëÿþòñÿ
êëþ÷åâûì ýëåìåíòîì, íî íàì íóæíî ñäåëàòü åùå
êîå-÷òî, ÷òîáû ïðèäàòü èì ïðàâèëüíûé5 âåñ.

5íåîòðèöàòåëüíûå, è â ñóììå äàþò 1.0
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Ïîñêîëüêó ñêàëÿðíûå ïðîèçâåäåíèÿ ìîãóò áûòü
îòðèöàòåëüíûìè, ìû ìîæåì âîçâåñòè èõ â ñòåïåíü, à
çàòåì íîðìàëèçîâàòü (ïîìíèòå ôóíêöèþ softmax?).
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Êðàòêî: Îò ýìáåääèíãîâ ê êîíòåêñòíûì ýìáåääèíãàì
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Âûáèðàÿ âåñîâûå êîýôôèöèåíòû òàêèì îáðàçîì,
âåêòîðíîå ïðåäñòàâëåíèå ñëîâà ïðèáëèæàåòñÿ ê
âåêòîðíûì ïðåäñòàâëåíèÿì äðóãèõ ñëîâ â òåêóùåì
êîíòåêñòå ïðîïîðöèîíàëüíî ñòåïåíè èõ ðîäñòâà

Ñëîâî ¾station¿ èìååò ìíîæåñòâî çíà÷åíèé.

Â äàííîì êîíòåêñòå ñëîâî ¾train¿ òåñíî ñâÿçàíî ñî ñëîâîì
¾station¿ è, ñëåäîâàòåëüíî, îêàçûâàåò íà íåãî ñèëüíîå
¾ïðèòÿæåíèå¿.
Ñëîâî ¾radio¿ òàêæå ñâÿçàíî ñî ñëîâîì ¾station¿, íî íå
âñòðå÷àåòñÿ â òåêóùåì êîíòåêñòå, ïîýòîìó (àâòîìàòè÷åñêè) èìååò
íóëåâîé âåñ.

Ïåðåìåùàÿ sation áëèæå ê train (èëè, äðóãèìè ñëîâàìè, óäåëÿÿ

áîëüøå ¾âíèìàíèÿ¿ train), ìû êîíòåêñòóàëèçèðóåì ðàñïîëîæåíèå

station â êîíòåêñòå train, platform, departure è ò. ä.
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Âûáèðàÿ âåñîâûå êîýôôèöèåíòû òàêèì îáðàçîì,
âåêòîðíîå ïðåäñòàâëåíèå ñëîâà ïðèáëèæàåòñÿ ê
âåêòîðíûì ïðåäñòàâëåíèÿì äðóãèõ ñëîâ â òåêóùåì
êîíòåêñòå ïðîïîðöèîíàëüíî ñòåïåíè èõ ðîäñòâà

Ñëîâî ¾station¿ èìååò ìíîæåñòâî çíà÷åíèé.
Â äàííîì êîíòåêñòå ñëîâî ¾train¿ òåñíî ñâÿçàíî ñî ñëîâîì
¾station¿ è, ñëåäîâàòåëüíî, îêàçûâàåò íà íåãî ñèëüíîå
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íóëåâîé âåñ.

Ïåðåìåùàÿ sation áëèæå ê train (èëè, äðóãèìè ñëîâàìè, óäåëÿÿ

áîëüøå ¾âíèìàíèÿ¿ train), ìû êîíòåêñòóàëèçèðóåì ðàñïîëîæåíèå

station â êîíòåêñòå train, platform, departure è ò. ä.
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station â êîíòåêñòå train, platform, departure è ò. ä.
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Ýòà îïåðàöèÿ íàçûâàåòñÿ ñëîåì ¾ñàìîâíèìàíèÿ¿ è
ìîæåò áûòü âûïîëíåíà î÷åíü ýôôåêòèâíî ñ ïîìîùüþ
ìàòðè÷íûõ îïåðàöèé.
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