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Âåêòîðíûé ïîèñê äîêóìåíòîâ

Ýâîëþöèÿ ïîäõîäîâ ìàøèííîãî îáó÷åíèÿ â àíàëèçå òåêñòîâ

Äåêîìïîçèöèÿ çàäà÷ ïî óðîâíÿì ïèðàìèäû NLP

ìîðôîëîãè÷åñêèé àíàëèç, ëåììàòèçàöèÿ, îïå÷àòêè

ñèíòàêñè÷åñêèé àíàëèç, âûäåëåíèå òåðìèíîâ, NER

ñåìàíòè÷åñêèé àíàëèç, âûäåëåíèå ôàêòîâ, òåì

Ìîäåëè âåêòîðíûõ ïðåäñòàâëåíèé (ýìáåäèíãîâ)
ñëîâ íà îñíîâå ìàòðè÷íûõ ðàçëîæåíèé

ìîäåëè äèñòðèáóòèâíîé ñåìàíòèêè:
word2vec [Mikolov, 2013], FastText [Bojanowski, 2016]

òåìàòè÷åñêèå ìîäåëè LDA [Blei, 2003], ARTM [2014]

Íåéðîñåòåâûå ìîäåëè ëîêàëüíûõ êîíòåêñòîâ

ðåêóððåíòíûå íåéðîííûå ñåòè

ìîäåëè âíèìàíèÿ è òðàíñôîðìåðû:
BERT [2018], GPT-3 [2020], GPT-4 [2023]

Ê.Â. Âîðîíöîâ (k.vorontsov@iai.msu.ru) ßçûêîâûå ìîäåëè äëÿ íàó÷íîãî ïîèñêà 3 / 35



Ìàñòåðñêàÿ çíàíèé: êîíöåïöèÿ ïðîåêòà
Ìîäåëè âíèìàíèÿ è àðõèòåêòóðà òðàíñôîðìåðà

ßçûêîâàÿ ìîäåëü SciRus-tiny (MSU)

Ýâîëþöèÿ ïîäõîäîâ â îáðàáîòêå òåêñòîâ
Ïðîåêò ¾Ìàñòåðñêàÿ çíàíèé¿
Âåêòîðíûé ïîèñê äîêóìåíòîâ

¾Ìàñòåðñêîé çíàíèé¿: ìîòèâàöèÿ ïðîåêòà

¾Îãðîìíîå è âñå âîçðàñòàþùåå áîãàòñòâî çíàíèé ðàçáðîñàíî
ñåãîäíÿ ïî âñåìó ìèðó. Ýòèõ çíàíèé, âåðîÿòíî, áûëî áû
äîñòàòî÷íî äëÿ ðåøåíèÿ âñåãî ãðîìàäíîãî êîëè÷åñòâà
òðóäíîñòåé íàøèõ äíåé, íî îíè ðàññåÿíû è íåîðãàíèçîâàíû.
Íàì íåîáõîäèìà î÷èñòêà ìûøëåíèÿ â ñâîåîáðàçíîé

ìàñòåðñêîé, ãäå ìîæíî ïîëó÷àòü, ñîðòèðîâàòü, ñóììèðîâàòü,
óñâàèâàòü, ðàçúÿñíÿòü è ñðàâíèâàòü çíàíèÿ è èäåè¿
� Ãåðáåðò Óýëëñ, 1940

�An immense and ever-increasing wealth of knowledge is scattered
about the world today; knowledge that would probably su�ce to
solve all the mighty di�culties of our age, but it is dispersed and
unorganized. We need a sort of mental clearing house for the mind:
a depot where knowledge and ideas are received, sorted, summarized,
digested, clari�ed and compared� � Herbert Wells, 1940

Òåïåðü òåõíîëîãèè NLP ïîçâîëÿþò ðåøàòü òàêèå çàäà÷è
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Îò ïîèñêà èíôîðìàöèè ê ¾Ìàñòåðñêîé çíàíèé¿

Íåäîñòàòêè îáû÷íîãî ïîèñêà:

êàê èñêàòü íîâûå çíàíèÿ?

÷òî äåëàòü ñ íàéäåííûì?

Ìàñòåðñêàÿ çíàíèé � èíñòðóìåíòàðèé äëÿ àâòîìàòèçàöèè
ïîñëåäóþùèõ ýòàïîâ ðàáîòû ñ òåêñòîâûìè èñòî÷íèêàìè:

èùó � ÷òîáû íàêàïëèâàòü

íàêàïëèâàþ � ÷òîáû àíàëèçèðîâàòü

àíàëèçèðóþ � ÷òîáû ïîíèìàòü

ïîíèìàþ � ÷òîáû ïðèìåíÿòü è ïåðåäàâàòü

Ýòî çàäà÷è, ñâÿçàííûå ñ àâòîìàòè÷åñêîé îáðàáîòêîé òåêñòîâ

(òîëüêî ïðèìåíåíèå çíàíèé îñòà¼òñÿ çà ïðåäåëàìè ñèñòåìû)
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Êîíöåïöèÿ ñåðâèñîâ ¾Ìàñòåðñêîé çíàíèé¿

Ïîäáîðêà � äîëãîñðî÷íûé ïîèñêîâûé èíòåðåñ ïîëüçîâàòåëÿ

Ïîèñêîâî-ðåêîìåíäàòåëüíûå ôóíêöèè:

ïîèñê òåìàòè÷åñêè áëèçêèõ äîêóìåíòîâ ïî ïîäáîðêå

ìîíèòîðèíã íîâûõ äîêóìåíòîâ äëÿ ïîäáîðêè

êîíòåêñòíûå ðåêîìåíäàöèè ïî äîêóìåíòó èç ïîäáîðêè

Àíàëèòè÷åñêèå ôóíêöèè:

àâòîìàòèçàöèÿ ðåôåðèðîâàíèÿ ïîäáîðêè

êëàñòåðèçàöèÿ òðåíäîâ, àñïåêòîâ, îòíîøåíèé â ïîäáîðêå

ðåêîìåíäàöèÿ ïîðÿäêà ÷òåíèÿ âíóòðè ïîäáîðêè

âèçóàëèçàöèÿ êàðò çíàíèé â âèäå mind-map ïî ïîäáîðêå

Êîììóíèêàòèâíûå ôóíêöèè:

ñîâìåñòíîå ñîñòàâëåíèå è èñïîëüçîâàíèå ïîäáîðîê

èíòåðàêòèâíàÿ âèçóàëèçàöèÿ è èíôîãðàôèêà ïî ïîäáîðêå
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Ïðîòîòèï ïîèñêîâî-ðåêîìåíäàòåëüíîé ñèñòåìû

Òåìàòè÷åñêàÿ ïîäáîðêà ïîëüçîâàòåëÿ:
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Ïðîòîòèï ïîèñêîâî-ðåêîìåíäàòåëüíîé ñèñòåìû

Ñïèñîê ñòàòåé, ðåêîìåíäóåìûõ äëÿ äîáàâëåíèÿ â ïîäáîðêó:
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Ïðîòîòèï ïîèñêîâî-ðåêîìåíäàòåëüíîé ñèñòåìû

Äîáàâëåíèå ñòàòüè èç ñïèñêà ðåêîìåíäàöèé â ïîäáîðêó:
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Ñòðàòåãèè âåêòîðíîãî ïîèñêà äîêóìåíòîâ ïî äîêóìåíòàì

Ïîèñê ïî ñðåäíåìó âåêòîðó ïîäáîðêè (íåóäà÷íàÿ ñòðàòåãèÿ):

Ïîèñê ïî ÷àñòè ïîäáîðêè, áëèçêîé ê âûáðàííîìó äîêóìåíòó:

Ïîèñê ïî òåìàòèêå êëàñòåðîâ, íà êîòîðûå äåëèòñÿ ïîäáîðêà:
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Ñòðàòåãèè âåêòîðíîãî ïîèñêà äîêóìåíòîâ ïî äîêóìåíòàì

Ïîèñê ïî òåìàòèêå ñåãìåíòîâ äîêóìåíòîâ ïîäáîðêè:

Ïîèñê ïî òåìàòèêå, ñìåæíîé äëÿ ÷àñòè ïîäáîðêè:

Ïîèñê ïî òåìàòèêå, ñìåæíîé äëÿ âñåé ïîäáîðêè:
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Òðàñôîðìåð äëÿ ìàøèííîãî ïåðåâîäà
Ìîäåëü BERT
Îïòèìèçàöèîííûå êðèòåðèè

Áîëüøèå ïðåä-îáó÷åííûå ìîäåëè ÿçûêà (òðàíñôîðìåðû)

îáó÷åíû ïî òåðàáàéòàì òåêñòîâ, ¾îíè âèäåëè â ÿçûêå âñ¼¿

ïðåäñêàçûâàÿ ñëîâà ïî êîíòåêñòó, ñïîñîáíû òàêæå
� âûäåëÿòü è êëàññèôèöèðîâàòü ôðàãìåíòû òåêñòà,
� ãåíåðèðîâàòü ôåéêîâûå òåêñòû, è ò. ä.

ìóëüòèÿçû÷íû: îáó÷àþòñÿ íà äåñÿòêàõ ÿçûêîâ

ìóëüòèçàäà÷íû: äëÿ êàæäîé íîâîé çàäà÷è NLP/NLU
äîñòàòî÷íî äîîáó÷åíèÿ íà ìàëîé ðàçìå÷åííîé âûáîðêå

J.Devlin et al. BERT: Pre-training of deep bidirectional transformers for language
understanding. 2019.
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Òðàñôîðìåð äëÿ ìàøèííîãî ïåðåâîäà
Ìîäåëü BERT
Îïòèìèçàöèîííûå êðèòåðèè

Òðàñôîðìåð äëÿ ìàøèííîãî ïåðåâîäà

Òðàñôîðìåð (transformer) � ýòî íåéðîñåòåâàÿ àðõèòåêòóðà äëÿ
òðàíñôîðìàöèè âåêòîðîâ ñëîâ â êîíòåêñòíî-çàâèñèìûå

Ñõåìà ïðåîáðàçîâàíèé äàííûõ â ìàøèííîì ïåðåâîäå:

S = (w1, . . . ,wn) � ñëîâà ïðåäëîæåíèÿ íà âõîäíîì ÿçûêå
↓ îáó÷àåìàÿ èëè ïðåä-îáó÷åííàÿ âåêòîðèçàöèÿ ñëîâ

X = (x1, . . . , xn) � âåêòîðû ñëîâ âõîäíîãî ïðåäëîæåíèÿ
↓ òðàíñôîðìåð-êîäèðîâùèê

Z = (z1, . . . , zn) � êîíòåêñòíî-çàâèñèìûå âåêòîðû ñëîâ
↓ òðàíñôîðìåð-äåêîäèðîâùèê, ïîõîæ íà êîäèðîâùèêà

Y = (y1, . . . , ym) � âåêòîðû ñëîâ âûõîäíîãî ïðåäëîæåíèÿ
↓ ãåíåðàöèÿ ñëîâ èç ïîñòðîåííîé ÿçûêîâîé ìîäåëè

S̃ = (w̃1, . . . , w̃m) � ñëîâà ïðåäëîæåíèÿ íà âûõîäíîì ÿçûêå

Vaswani et al. (Google) Attention is all you need. 2017.
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Ìîäåëü BERT
Îïòèìèçàöèîííûå êðèòåðèè

Ìîäåëè âíèìàíèÿ äëÿ ìàøèííîãî ïåðåâîäà

X = (x1, . . . , xn) � âåêòîðû ñëîâ âõîäíîãî ïðåäëîæåíèÿ
Y = (y1, . . . , ym) � âåêòîðû ñëîâ âûõîäíîãî ïðåäëîæåíèÿ

Ìîäåëü âíèìàíèÿ îöåíèâàåò ìàòðèöó ñåìàíòè÷åñêîãî
ñõîäñòâà Ati = a(xi , yt) � íàñêîëüêî âõîäíîå ñëîâî xi âàæíî
(òðåáóåò âíèìàíèÿ) äëÿ îáðàáîòêè âûõîäíîãî ñëîâà yt

Bahdanau et al. Neural machine translation by jointly learning to align and translate. 2015.
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Ìîäåëü BERT
Îïòèìèçàöèîííûå êðèòåðèè

Ìîäåëü âíèìàíèÿ Query�Key�Value

q � âåêòîð-çàïðîñ äëÿ òðàíñôîðìàöèè â âåêòîð-êîíòåêñò z
K = (k1, . . . , kn) � âåêòîðû-êëþ÷è, ñðàâíèâàåìûå ñ çàïðîñîì
X = (x1, . . . , xn) � âåêòîðû-çíà÷åíèÿ, îáðàçóþùèå êîíòåêñò

Ìîäåëü âíèìàíèÿ � òð¼õñëîéíàÿ ñåòü, âû÷èñëÿþùàÿ z êàê
âûïóêëóþ êîìáèíàöèþ âåêòîðîâ xi , ðåëåâàíòíûõ çàïðîñó q:

z = Attn(q,K ,X ) =
∑
i

xi SoftMaxi a(ki , q),

ãäå a(k , q) � îöåíêà ðåëåâàíòíîñòè êëþ÷à k çàïðîñó q,
íàïðèìåð a(k, q) = kòq èëè kòWq ñ ìàòðèöåé ïàðàìåòðîâ W

Ìîäåëü âíóòðåííåãî âíèìàíèÿ (ñàìîâíèìàíèÿ, self-attention):

zi = Attn(Wqxi ,WkX ,WvX )

òðàíñôîðìèðóåò âõîäíóþ ïîñëåäîâàòåëüíîñòü X = (x1, . . . , xn)
â âûõîäíóþ ïîñëåäîâàòåëüíîñòü âåêòîðîâ êîíòåêñòà (z1, . . . , zn)
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ßçûêîâàÿ ìîäåëü SciRus-tiny (MSU)
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Ìîäåëü BERT
Îïòèìèçàöèîííûå êðèòåðèè

Àðõèòåêòóðà òðàíñôîðìåðà-êîäèðîâùèêà

1. Äîáàâëÿþòñÿ ïîçèöèîííûå âåêòîðû pi :
hi = xi + pi , H = (h1, . . . , hn) d = dim xi , pi , hi = 512

dim H = 512×n

2. Ìíîãîìåðíîå ñàìîâíèìàíèå: j = 1, . . . , J = 8

hji = Attn(W j
qhi ,W

j
kH,W

j
vH) dim h

j
i = 64

dim W j
q ,W

j
k
,W j

v = 64×512

3. Êîíêàòåíàöèÿ (multi-head attention):
h′i = MHj(h

j
i ) ≡

[
h1
i · · · hJi

]
dim h′i = 512

4. Ñêâîçíàÿ ñâÿçü + íîðìèðîâêà óðîâíÿ:
h′′i = LN(h′i + hi ;µ1, σ1) dim h′′i , µ1, σ1 = 512

5. Ïîëíîñâÿçíàÿ 2õ-ñëîéíàÿ ñåòü FFN:
h′′′i = W2 ReLU(W1h

′′
i + b1) + b2

dim W1 = 2048×512
dim W2 = 512×2048

6. Ñêâîçíàÿ ñâÿçü + íîðìèðîâêà óðîâíÿ:
zi = LN(h′′′i + h′′i ;µ2, σ2) dim zi , µ2, σ2 = 512
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Ìîäåëü BERT
Îïòèìèçàöèîííûå êðèòåðèè

Íåñêîëüêî äîïîëíåíèé è çàìå÷àíèé

N = 6 áëîêîâ hi →�→ zi ñîåäèíÿþòñÿ ïîñëåäîâàòåëüíî
ýìáåäèíãè ñëîâ xi ∈ Rd � îáó÷àåìûå èëè ïðåä-îáó÷åííûå
íîðìèðîâêà óðîâíÿ (Layer Normalization), x , µ, σ ∈ Rd :

LNs(x ;µ, σ) = σs
xs − x̄

σx
+ µs , s = 1, . . . , d ,

x̄ = 1
d

∑
s
xs è σ2

x = 1
d

∑
s

(xs − x̄)2 � ñðåäíåå è äèñïåðñèÿ x

Ïîçèöèè ñëîâ i êîäèðóþòñÿ âåêòîðàìè pi , i = 1, . . . , n;
÷åì áîëüøå |i − j |, òåì áîëüøå ‖pi − pj‖, n íå îãðàíè÷åíî:

pis = sin(i 10−8 s
d ), pi ,s+ d

2
= cos(i 10−8 s

d ), s = 1, . . . , d2
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Àðõèòåêòóðà òðàíñôîðìåðà äåêîäèðîâùèêà

Àâòîðåãðåññèîííûé ñèíòåç ïîñëåäîâàòåëüíîñòè:
y0 = 〈BOS〉 � âåêòîð ñèìâîëà íà÷àëà;
äëÿ âñåõ t = 1, 2, . . . :

1. Ìàñêèðîâàíèå ¾äàííûõ èç áóäóùåãî¿:
ht = yt−1 + pt ; Ht = (h1, . . . , ht)

2. Ìíîãîìåðíîå ñàìîâíèìàíèå:
h′t = LN ◦MHj ◦ Attn(W j

qht ,W
j
kHt ,W

j
vHt)

3. Ìíîãîìåðíîå âíèìàíèå íà êîäèðîâêó Z :
h′′t = LN ◦MHj ◦ Attn(W̃ j

qh
′
t , W̃

j
kZ , W̃

j
vZ )

4. Äâóõñëîéíàÿ ïîëíîñâÿçíàÿ ñåòü:
yt = LN ◦ FFN(h′′t )

5. Ëèíåéíûé ïðåäñêàçûâàþùèé ñëîé:
p(w̃ |t) = SoftMaxw̃ (Wyyt + by )

ãåíåðàöèÿ w̃t = arg max
w̃

p(w̃ |t) ïîêà w̃t 6= 〈EOS〉

Vaswani et al. (Google) Attention is all you need. 2017.
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Ìîäåëü BERT
Îïòèìèçàöèîííûå êðèòåðèè

Êðèòåðèè îáó÷åíèÿ è âàëèäàöèè äëÿ ìàøèííîãî ïåðåâîäà

Êðèòåðèé äëÿ îáó÷åíèÿ ïàðàìåòðîâ íåéðîííîé ñåòè W
ïî îáó÷àþùåé âûáîðêå ïðåäëîæåíèé S ñ ïåðåâîäîì S̃ :∑

(S ,S̃)

∑
w̃t∈S̃

ln p(w̃t |t,S ,W )→ max
W

Êðèòåðèè îöåíèâàíèÿ ìîäåëåé (íåäèôôåðåíöèðóåìûå)
ïî âûáîðêå ïàð ïðåäëîæåíèé ¾ïåðåâîä S , ýòàëîí S0¿:

BiLingual Evaluation Understudy:

BLEU = min
(

1, Σlen(S)
Σlen(S0)

)
mean
(S0,S)

( 4∏
n=1

#n-ãðàìì èç S, âõîäÿùèõ â S0
#n-ãðàìì â S

) 1
4

Word Error Rate:

WER = mean
(S0,S)

(
#âñòàâîê + #óäàëåíèé + #çàìåí

len(S)

)
Vaswani et al. (Google) Attention is all you need. 2017.
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Ìîäåëü BERT
Îïòèìèçàöèîííûå êðèòåðèè

BERT (Bidirectional Encoder Representations from Transformers)

Òðàíñôîðìåð BERT � ýòî êîäèðîâùèê áåç äåêîäèðîâùèêà,
ïðåäîáó÷àåìûé íà áîëüøîé òåêñòîâîé êîëëåêöèè äëÿ ðåøåíèÿ
øèðîêîãî êëàññà çàäà÷ NLP

Ñõåìà ïðåîáðàçîâàíèÿ äàííûõ â çàäà÷àõ NLP:

S = (w1, . . . ,wn) � òîêåíû ïðåäëîæåíèÿ âõîäíîãî òåêñòà
↓ îáó÷åíèå ýìáåäèíãîâ âìåñòå ñ òðàíñôîðìåðîì

X = (x1, . . . , xn) � ýìáåäèíãè òîêåíîâ âõîäíîãî ïðåäëîæåíèÿ
↓ òðàíñôîðìåð êîäèðîâùèêà

Z = (z1, . . . , zn) � òðàíñôîðìèðîâàííûå ýìáåäèíãè
↓ äîîáó÷åíèå íà êîíêðåòíóþ çàäà÷ó

Y � âûõîäíîé òåêñò / ðàçìåòêà / êëàññèôèêàöèÿ è ò.ï.

Jacob Devlin, Ming-Wei Chang, Kenton Lee, Kristina Toutanova (Google AI Language)
BERT: pre-training of deep bidirectional transformers for language understanding. 2019.

Ê.Â. Âîðîíöîâ (k.vorontsov@iai.msu.ru) ßçûêîâûå ìîäåëè äëÿ íàó÷íîãî ïîèñêà 20 / 35
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Îïòèìèçàöèîííûå êðèòåðèè

Êðèòåðèé MLM (masked language modeling) äëÿ îáó÷åíèÿ BERT

Êðèòåðèé ìàñêèðîâàííîãî ÿçûêîâîãî ìîäåëèðîâàíèÿ MLM,
ñòðîèòñÿ àâòîìàòè÷åñêè ïî òåêñòàì (self-supervised learning):∑

S

∑
i∈M(S)

ln p(wi |i , S ,W )→ max
W
,

ãäå M(S) � ïîäìíîæåñòâî ìàñêèðîâàííûõ òîêåíîâ èç S ,

p(w |i ,S ,W ) = SoftMax
w∈V

(Wzzi (S ,WT ) + bz)

� ÿçûêîâàÿ ìîäåëü, ïðåäñêàçûâàþùàÿ i-é òîêåí ïðåäëîæåíèÿ S ;

zi (S ,WT ) � êîíòåêñòíûé ýìáåäèíã i-ãî òîêåíà ïðåäëîæåíèÿ S
íà âûõîäå òðàíñôîðìåðà-êîäèðîâùèêà ñ ïàðàìåòðàìè WT ;

W = (WT ,Wz , bz) � âñå ïàðàìåòðû ÿçûêîâîé ìîäåëè

Jacob Devlin, Ming-Wei Chang, Kenton Lee, Kristina Toutanova (Google AI Language)
BERT: pre-training of deep bidirectional transformers for language understanding. 2019.
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Ìîäåëü BERT
Îïòèìèçàöèîííûå êðèòåðèè

Êðèòåðèé NSP (next sentence prediction) äëÿ îáó÷åíèÿ BERT

Êðèòåðèé ïðåäñêàçàíèÿ ñâÿçè ìåæäó ïðåäëîæåíèÿìè NSP,
ñòðîèòñÿ àâòîìàòè÷åñêè ïî òåêñòàì (self-supervised learning):∑

(S,S ′)

ln p
(
ySS ′ |S , S ′,W

)
→ max

W
,

ãäå ySS ′ = [çà S ñëåäóåò S ′] � êëàññèôèêàöèÿ ïàðû ïðåäëîæåíèé,

p(y |S , S ′,W ) = SoftMax
y∈{0,1}

(
Wy th(Wsz0(S , S ′,WT ) + bs) + by

)
� âåðîÿòíîñòíàÿ ìîäåëü áèíàðíîé êëàññèôèêàöèè ïàð (S ,S ′),
z0(S , S ′,WT ) � êîíòåêñòíûé ýìáåäèíã òîêåíà 〈CLS〉 äëÿ ïàðû
ïðåäëîæåíèé, çàïèñàííîé â âèäå 〈CLS〉 S 〈SEP〉 S ′ 〈SEP〉

Jacob Devlin, Ming-Wei Chang, Kenton Lee, Kristina Toutanova (Google AI Language)
BERT: pre-training of deep bidirectional transformers for language understanding. 2019.
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Åù¼ íåñêîëüêî çàìå÷àíèé ïðî òðàíñôîðìåðû

Fine-tuning: äëÿ äîîáó÷åíèÿ íà çàäà÷å çàäà¼òñÿ ìîäåëü
f (Z (S ,WT ),Wf ), âûáîðêà {S} è êðèòåðèé L (S , f )→ max

Multi-task learning: äëÿ äîîáó÷åíèÿ íà íàáîðå çàäà÷ {t}
çàäàþòñÿ ìîäåëè ft(Z (S ,WT ),Wt), âûáîðêè {S}t è
ñóììà êðèòåðèåâ

∑
t λt

∑
S Lt(S , ft)→ max

GLUE, SuperGLUE, Russian SuperGLUE � íàáîðû òåñòîâûõ
çàäà÷ íà ïîíèìàíèå åñòåñòâåííîãî ÿçûêà

Òðàíñôîðìåðû îáû÷íî ñòðîÿòñÿ íå íà ñëîâàõ, à íà òîêåíàõ,
ïîëó÷àåìûõ BPE (Byte-Pair Encoding) èëè WordPiece

Ïåðâûé òðàíñôîðìåð: N = 6, d = 512, J = 8, âåñîâ 65M

BERTBASE, GPT1: N = 12, d = 768, J = 12, âåñîâ 110M

BERTLARGE: N = 24, d = 1024, J = 16, âåñîâ 340M
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Ðåçóëüòàòû ýêñïåðèìåíòîâ

Áîëüøèå ÿçûêîâûå ìîäåëè íàó÷íûõ òåêñòîâ

SciBERT (Beltagy et al., 2019)

SPECTER (Cohan et al., 2020)

MPNet (Song et al., 2020)

LaBSE (Feng et al., 2020)

SPECTER-2 (Singh et al., 2022)

SciNCL (Ostendor� et al., 2022)

mE5 (Wang et al., 2024)

I.Beltagy, K.Lo, A.Cohan. SciBERT: A pretrained language model for scienti�c text. 2019.
A.Cohan, S.Feldman, I.Beltagy, D.Downey, D.S.Weld. SPECTER: Document-level
representation learning using citation-informed transformers. 2020.
K.Song et al. MPNet: Masked and permuted pre-training for language understanding. 2020.
F.Feng et al. Language agnostic BERT sentence embedding. 2020.
A.Singh, M.D'Arcy, A.Cohan, D.Downey, S.Feldman. SciRepEval: A multi-format
benchmark for scienti�c document representations. 2022.
M.Ostendor�, N.Rethmeier, I.Augenstein, B.Gipp, G.Rehm. Neighborhood contrastive
learning for scienti�c document representations with citation embeddings. 2022.
L.Wang et al. Multilingual E5 text embeddings: A technical report. 2024.
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Ðåçóëüòàòû ýêñïåðèìåíòîâ

Ìîòèâàöèÿ íàøåãî èññëåäîâàíèÿ

Ìîäåëü äîëæíà áûòü ïðèìåíèìà â ðóññêîÿçû÷íûõ ñåðâèñàõ
ïîèñêà, ðåêîìåíäàöèè, êëàññèôèêàöèè, àíàëèçà íàó÷íûõ
ïóáëèêàöèé: òàêèõ, êàê eLibrary.ru, ¾Ìàñòåðñêàÿ çíàíèé¿ è äð.

Òðåáîâàíèÿ ê ìîäåëè:

ìèíèìèçàöèÿ ðàçìåðà ìîäåëè (23Ì ïàðàìåòðîâ)

ïðè êà÷åñòâå, ñîïîñòàâèìîì ñ ëó÷øèìè (SOTA) ìîäåëÿìè

âîçìîæíîñòü âû÷èñëåíèÿ ýìáåäèíãîâ áåç GPU

ìóëüòèÿçû÷íîñòü: àíãëèéñêèé, ðóññêèé,. . .

âîçìîæíîñòü äîîáó÷åíèÿ ïî äàííûì î öèòèðîâàíèè

îöåíèâàíèå êà÷åñòâà � ïî ñòàíäàðòíûì ìåòîäèêàì
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Ðåçóëüòàòû ýêñïåðèìåíòîâ

Äàííûå äëÿ îáó÷åíèÿ è äîîáó÷åíèÿ ìîäåëè íàó÷íûõ òåêñòîâ

Äàííûå äëÿ îáó÷åíèÿ:

S2ORC � Semantic Scholar Open Research Corpus:
205M ïóáëèêàöèé, 121M àâòîðîâ
30M (12B òîêåíîâ) îòîáðàíî äëÿ îáó÷åíèÿ ìîäåëè,
title+abstract, 85% íà àíãëèéñêîì, 2% íà ðóññêîì

eLibrary, çàãîëîâêè è àííîòàöèè (title+abstract):
8.6Ì (2B òîêåíîâ) íà ðóññêîì
8.8Ì (1.2B òîêåíîâ) íà àíãëèéñêîì

Äàííûå äëÿ äîîáó÷åíèÿ:

S2AG � Semantic Scholar Academic Graph:
èñòî÷íèêè: Crossref, PubMed, Unpaywall è äð.
2.5B ñâÿçåé öèòèðîâàíèÿ

K.Lo, L.L.Wang, M.Neumann, R.Kinney, D.S.Weld. S2ORC: The semantic scholar
open research corpus. 2019.
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ßçûêîâàÿ ìîäåëü SciRus-tiny (MSU)

Îáó÷åíèå è îöåíèâàíèå ìîäåëåé íàó÷íûõ òåêñòîâ
Îáó÷åíèå è îöåíèâàíèå ìîäåëè SciRus-tiny (MSU)
Ðåçóëüòàòû ýêñïåðèìåíòîâ

Ìåòîäèêà îöåíèâàíèÿ è ñðàâíåíèÿ ìîäåëåé (benchmark)

SciDocs: 6 çàäà÷
êëàññèôèêàöèÿ ñòàòåé ïî MeSH / ïî òåìàòèêå,
ïðåäñêàçàíèå öèòèðîâàíèÿ / êî-öèòèðîâàíèÿ,
ïîëüçîâàòåëüñêîé àêòèâíîñòè, ðåêîìåíäàöèè ñòàòåé

SciRepEval: 24 çàäà÷, âêë. SciDocs (êðîìå ðåêîìåíäàöèé)
êëàññèôèêàöèÿ, ðåãðåññèÿ, ñõîäñòâî, ïîèñê,
ïîäáîð ðåöåíçåíòà äëÿ ñòàòüè,
ðàçðåøåíèå íåîäíîçíà÷íîñòè àâòîðîâ

RuSciBench: 8 çàäà÷
êëàññèôèêàöèÿ OECD/ÃÐÍÒÈ ïî àííîòàöèè ru / en / ru+en
ïîèñê àííîòàöèè ïî å¼ ïåðåâîäó ru→en / en→ru

A.Cohan, S.Feldman, I.Beltagy, D.Downey, D.S.Weld. SPECTER: Document-level
representation learning using citation-informed transformers. 2020.
A.Singh, M.D'Arcy, A.Cohan, D.Downey, S.Feldman. SciRepEval: A multi-format
benchmark for scienti�c document representations. 2022.
N.Gerasimenko, A.Vatolin. RuSciBench benchmark. 2023.
https://github.com/mlsa-iai-msu-lab/ru_sci_bench/tree/main
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Îáó÷åíèå è îöåíèâàíèå ìîäåëè SciRus-tiny (MSU)
Ðåçóëüòàòû ýêñïåðèìåíòîâ

Ýòàï 1: ïðåäîáó÷åíèå ìîäåëè SciRus-tiny (MSU)

Àðõèòåêòóðà RoBERTa, ñëó÷àéíàÿ èíèöèàëèçàöèÿ:
tiny (23M, d:312), small (61M, d:768), base (85M, d:1024)

êðèòåðèé ìàñêèðîâàííîãî ÿçûêîâîãî ìîäåëèðîâàíèÿ MLM

äâå ýïîõè îáó÷åíèÿ

Avg � F1-ìåðà, óñðåäí¼ííàÿ ïî âñåì çàäà÷àì áåí÷ìàðêà
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Y.Liu et al. RoBERTa: A robustly optimized BERT pretraining approach. 2019.
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Ìîäåëè âíèìàíèÿ è àðõèòåêòóðà òðàíñôîðìåðà

ßçûêîâàÿ ìîäåëü SciRus-tiny (MSU)

Îáó÷åíèå è îöåíèâàíèå ìîäåëåé íàó÷íûõ òåêñòîâ
Îáó÷åíèå è îöåíèâàíèå ìîäåëè SciRus-tiny (MSU)
Ðåçóëüòàòû ýêñïåðèìåíòîâ

Ýòàï 2: äîîáó÷åíèå ñ êîíòðàñòèðóþùåé ôóíêöèåé ïîòåðü

(q, d) ∈ Q � çàäàííîå ìíîæåñòâî ïàð òåêñòîâ,
êîòîðûå äîëæíû èìåòü ñõîæèå âåêòîðíûå ïðåäñòàâëåíèÿ

S(q, d ;W ) =
〈
z(q,W ), z(d ,W )

〉
� ìîäåëü ñõîäñòâà çàïðîñà q

è äîêóìåíòà d , ãäå W � âåêòîð ïàðàìåòðîâ òðàíñôîðìåðà

Îáó÷åíèå ñ êîíòðàñòèðîâàíèåì (contrastive learning) � ýòî
ìàêñèìèçàöèÿ ïðàâäîïîäîáèÿ äëÿ âåðîÿòíîñòíîé ìîäåëè
áèíàðíîé êëàññèôèêàöèè ïàð òåêñòîâ íà ñõîæèå è íåñõîæèå:∑

(q,d)∈Q

log
eS(q,d ;W )

eS(q,d ;W ) +
∑
{d̄} e

S(q,d̄ ;W )
→ max

W

ãäå {d̄} � ìíîæåñòâî ¾íåãàòèâíûõ ïðèìåðîâ¿, íåñõîæèõ c d ,
îáû÷íî ýòî òåêñòû, ñýìïëèðóåìûå ñëó÷àéíî (negative sampling)

L.Wang et al. Text embeddings by weakly-supervised contrastive pretraining. 2022.
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Ýòàï 2: äîîáó÷åíèå íà ïàðàõ title-abstract

(q, d) � ïàðû òåêñòîâ ¾íàçâàíèå�àííîòàöèÿ¿:

30.6M ïàð èç S2AG

17.8M ïàð èç eLibrary
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Êîíòðàñòèðóþùåå äîîáó÷åíèå óëó÷øàåò ñðåäíåå êà÷åñòâî

L.Wang et al. Text embeddings by weakly-supervised contrastive pretraining. 2022.
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Ýòàï 3: äîîáó÷åíèå íà ïàðàõ cite-cocite

cite (q, d) � ñòàòüÿ q öèòèðóåò ñòàòüþ d
co-cite (q, d) � òðåòüÿ ñòàòüÿ q′ öèòèðóåò ñòàòüè q è d

13.3M ïàð cite è 62M ïàð co-cite èç S2AG
40M ïàð cite è 33.7M ïàð co-cite èç eLibrary
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Ñðàâíåíèå ìîäåëåé ïî ìåòðèêàì ruSciBench

oecd � êà÷åñòâî (macro-F1) êëàññèôèêàöèè en+ru ðóáðèêàòîðó
ru→en, en→ru � êà÷åñòâî ïîèñêà (recall@1) ïåðåâîäà

ìîäåëü ðàçìåð oecd ru→en en→ru

e5-mistral-7b-instruct 7.11B 67.28 3.65 18.11
multilingual-e5-large 560M 63.70 99.19 99.37
scirus-tiny v3 23M 61.13 94.83 95.81

scirus-tiny v2 23M 60.86 96.70 95.11

multilingual-e5-base 278M 62.00 97.00 98.00
LaBSE 471M 60.21 98.31 97.20
LaBSE-en-ru 128M 60.05 98.26 96.93
paraphrase-multilingual-mpnet-base-v2 60.03 66.33 78.18
FRED-T5-large 360M 59.80 22.25 0.79
distiluse-base-multilingual-cased-v1 58.69 92.04 90.83
paraphrase-multilingual-MiniLM-L12-v2 56.48 72.87 77.49
mfaq 54.84 86.75 90.11
scirus-tiny v1 23M 54.83 88.00 88.00
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Ñðàâíåíèå ìîäåëåé ïî ìåòðèêàì SciDocs

Avg � ñðåäíåå êà÷åñòâî ïî âñåì çàäà÷àì áåí÷ìàðêà

ìîäåëü ðàçìåð Avg

all-mpnet-base-v2 110M 91.03
scincl 110M 90.84
scirus-tiny3 23M 90.10

e5-large-v2 335M 88.70
e5-base 109M 88.58
multilingual-e5-large 560M 87.53
e5-small-v2 33.4M 86.99
multilingual-e5-base 278M 86.91
e5-mistral-7b-instruct 4byte 7.11B 86.03
scirus-tiny2 23M 84.21

sentence-transformers/LaBSE 471M 80.78
e5-pretrain-longer-240000-similarity-step-5581 23M 80.51
cointegrated/rubert-tiny2 29.4M 71.60
allenai/scibert-scivocab-uncased 110M 69.04
scirus-tiny 23M 67.92
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Âûâîäû ïî ðåçóëüòàòàì ñðàâíåíèÿ ìîäåëåé

Ðàçìåð è êà÷åñòâî ìîäåëè â ñðàâíåíèè ñ SciNCL:
� ìåíüøå ïàðàìåòðîâ: 23Ì ïðîòèâ 110Ì
� ìåíüøå ðàçìåðíîñòü: 312 ïðîòèâ 768
� áîëüøå êîíòåêñò: 1024 ïðîòèâ 512
� ñîïîñòàâèìîå êà÷åñòâî (SciDocs Avg): 90.10 ïðîòèâ 90.84

Êîíòðàñòèâíîå äîîáó÷åíèå íà ïàðàõ title-abstract
� ñóùåñòâåííî óëó÷øàåò ìåòðèêè êà÷åñòâà,
� îñîáåííî êà÷åñòâî êðîññ-ÿçûêîâîãî ïîèñêà
� êîìïåíñèðóåò íåäîñòàòî÷íîñòü äàííûõ î öèòèðîâàíèè

Êîíòðàñòèâíîå äîîáó÷åíèå íà ïàðàõ cite / cocite
� êîìïåíñèðóåò íåäîñòàòî÷íîñòü êðîññ-ÿçàêîâûõ äàííûõ

Í.Ãåðàñèìåíêî, À.Âàòîëèí, À.ßíèíà, Ê.Âîðîíöîâ. ¾Ìàëåíüêàÿ áîëüøàÿ
ÿçûêîâàÿ ìîäåëü äëÿ îáðàáîòêè íàó÷íûõ òåêñòîâ¿. 2024. (íà ðåöåíçèðîâàíèè)

Ê.Â. Âîðîíöîâ (k.vorontsov@iai.msu.ru) ßçûêîâûå ìîäåëè äëÿ íàó÷íîãî ïîèñêà 34 / 35



Ìàñòåðñêàÿ çíàíèé: êîíöåïöèÿ ïðîåêòà
Ìîäåëè âíèìàíèÿ è àðõèòåêòóðà òðàíñôîðìåðà

ßçûêîâàÿ ìîäåëü SciRus-tiny (MSU)

Îáó÷åíèå è îöåíèâàíèå ìîäåëåé íàó÷íûõ òåêñòîâ
Îáó÷åíèå è îöåíèâàíèå ìîäåëè SciRus-tiny (MSU)
Ðåçóëüòàòû ýêñïåðèìåíòîâ

Âíåäðåíèå â ïîèñêîâûé ñåðâèñ eLibrary

¾Ðàçðàáîòàííàÿ â ðàìêàõ äàííîãî ïðîåêòà ìîäåëü óæå øèðîêî
èñïîëüçóåòñÿ â Íàó÷íîé ýëåêòðîííîé áèáëèîòåêå äëÿ ðåøåíèÿ öåëîãî
ðÿäà çàäà÷, ñâÿçàííûõ ñ îöåíêîé òåìàòè÷åñêîé áëèçîñòè íàó÷íûõ
äîêóìåíòîâ. Óæå ïðîòåñòèðîâàí ñïåöèàëèñòàìè ïîëåçíûé ñåðâèñ äëÿ
ó÷åíûõ, ïîçâîëÿþùèé äëÿ çàäàííîé ñòàòüè èëè ïîäáîðêè ñòàòåé
íàéòè òåìàòè÷åñêè ïîõîæèå äîêóìåíòû, êàê ñðåäè âñåãî ìàññèâà
eLIBRARY.RU (áîëåå 55 ìëí. íàó÷íûõ ïóáëèêàöèé), òàê è òîëüêî
ñðåäè íîâûõ ïîñòóïëåíèé. Âàæíîé äëÿ íàñ îñîáåííîñòüþ äàííîé
ìîäåëè ÿâëÿåòñÿ åå ìóëüòèÿçû÷íîñòü, ïîñêîëüêó Íàó÷íàÿ
ýëåêòðîííàÿ áèáëèîòåêà ñîäåðæèò äîêóìåíòû íà ðàçëè÷íûõ ÿçûêàõ.¿

� Ãåííàäèé Åðåìåíêî, ãåíåðàëüíûé äèðåêòîð ÍÝÁ

Íàó÷íàÿ ýëåêòðîííàÿ áèáëèîòåêà, ïîðòàë eLIBRARY.RU.

Ïðåññ-ðåëèç 24-04-2024: Îòêðûò ïîèñê áëèçêèõ ïî òåìàòèêå ïóáëèêàöèé ñ
ïðèìåíåíèåì íåéðîñåòè ÌÃÓ äëÿ àíàëèçà íàó÷íûõ òåêñòîâ.
https://elibrary.ru/projects/news/search_similar_publ.asp
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