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SUMMARY 

Skurzhanskyi O.H.  Development of efficient writing assistant using modern neural 

network approaches for conditional text generation. 3 Qualification scientific work on the 

rights of the manuscript. 

The PhD thesis on competition of a scientific degree of the doctor of philosophy 

on a specialty 122 <Computer Science=. 3 Taras Shevchenko National University of Kyiv, 

Kyiv, 2024. 

The work is devoted to the study of building neural networks for conditional text 

generation for the development of efficient writing assistant. 

 

In today's world, where the flow of information is gaining exponential momentum, 

there is an urgent need for innovative technologies to effectively process and interpret 

these data sets. They include large and heterogeneous sets of information: texts, videos, 

audio, images, and tabular data. The use of traditional methods to analyze such broad and 

heterogeneous information is becoming inefficient, which necessitates the creation of 

innovations in the field of artificial intelligence to effectively address these challenges. 

In this context, one of the most promising and influential areas of artificial 

intelligence is natural language processing (NLP). The importance of this field today goes 

far beyond academic research, penetrating most areas of modern digital life: from daily 

communication to automation of complex business processes. The emergence of large 

language models such as ChatGPT, which, despite working exclusively with textual data, 

has made a breakthrough in bringing artificial intelligence capabilities closer to the human 

level. Their impressive ability to generate contextually relevant text has opened the door 

to more complex applications. 

The development of NLP-based writing assistants is particularly relevant, as these 

systems play an important role in improving the productivity and quality of daily 

communication. In a society immersed in a continuous flow of information through 

numerous platforms, the ability to express thoughts quickly and clearly is key. The market 

for writing assistants, with its significant economic potential, has demonstrated 
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impressive growth, which is projected to continue its upward trend in the coming years. 

Recent estimates of the market capitalization reach tens of billions of dollars. 

Beyond the scope of textual data, the realm of natural language processing is 

rapidly expanding into multimodal AI, which integrates text, image, and audio processing 

to create more comprehensive and intuitive systems. This integration reflects the way 

humans communicate and process information, involving various sensory inputs. With 

the advancement of multimodal AI, systems can now interpret visual cues alongside 

textual information, enhancing understanding and interaction. This capability is 

particularly transformative for industries such as healthcare, where AI can analyze 

medical images in conjunction with clinical notes to aid in diagnostics, and in customer 

service, where chatbots can understand and respond to visual and verbal cues, creating a 

more human-like and satisfying user experience. The integration of these complex 

functionalities is not only a technological triumph but also a step towards more natural 

and efficient human-computer interaction, with applications that were previously 

unattainable in the field of artificial intelligence. 

In light of these challenges and opportunities, developing your own writing 

assistant as part of your dissertation is becoming a relevant and promising area in the field 

of NLP. With the expansion of digital communication, there is a growing need for 

automated systems that would not only speed up but also increase the accuracy of 

communication processes. Such an assistant has the potential to become an indispensable 

tool in everyday life, contributing to professional efficiency and personal growth. 

This work aims to develop a universal writing assistant that embodies advanced 

solutions in the field of neural networks to solve a set of tasks for automatically correcting 

grammatical and spelling errors, paraphrasing text, and simplifying it. By integrating 

advanced artificial intelligence and machine learning technologies, the tool aims to 

provide a more efficient and convenient way to improve user messages, which 

significantly increases the productivity and quality of interpersonal communication. 

The paper analyzes existing solutions for writing assistant tasks. The principle of 

operation of the leading practices for solving the above-mentioned tasks of conditional 

text generation is considered in detail. The common features of the approaches with the 
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method of building a universal solution for solving a combination of tasks are analyzed. 

The main disadvantage of existing methods is their specialization in specific tasks, which 

makes it difficult to transfer the acquired practices from one task to another. The article 

analyzes the methods of text editing based on the use of different types of neural networks 

for the semantic representation of text elements at the sentence level. The expediency of 

the transformer architecture for designing a neural network model is noted, while 

convolutional and recurrent neural networks are considered as alternative solutions. 

Based on the comparative analysis of methods, the effectiveness of using neural networks 

to solve the tasks of a writing assistant is shown. 

In accordance with the goal and objectives of the thesis, the architecture was built 

and the neural network was trained to perform the tasks of a writing assistant with high 

quality and efficiency. Below are the main results and scientific novelty. 

As a result of a comparative analysis of existing leading approaches to solving the 

tasks of correcting grammatical and spelling errors, simplifying text and paraphrasing, 

the expediency of 

• use of a context-aware transformer-type architecture in an encoder-decoder 

configuration with a large number of attention layers pre-trained on universal tasks 

of noisy text recovery or generation; 

• implementation of multi-stage training from the most frequent and lowest quality 

data to the highest quality data; filtering of training data using reward models. 

 

For the first time, a method of combined evaluation of the quality of a writing 

assistant's work is proposed, which summarizes the key indicators of efficiency and 

adequacy of text corrections. A study of existing leading works on the most representative 

test samples for the relevant tasks is carried out. The analysis of the results shows that not 

all metrics correlate with human evaluation of the quality of the models' performance and 

that it is necessary to apply normalization factors for a balanced combination of tasks. In 

addition, the literature analysis revealed that some tasks are more important for a writing 
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assistant than others. For example, the task of correcting grammatical and spelling errors 

is the most important according to users' expectations. 

A new training dataset was created from scratch for the tasks of grammatical and 

spelling error correction, text simplification, and paraphrasing. A state-of-the-art 

approach using large-scale language models was applied. Using carefully selected textual 

prompts, rewrites are generated by the advanced ChatGPT model using existing datasets 

as input sentences; in addition, the generated rewrites are automatically evaluated in terms 

of rewrite quality by another large language model LLaMA-2 to improve the quality of 

the final dataset. Furthermore, it is shown that the generated data significantly improves 

the quality of individual and universal models on the test sets. 

A large number of experiments have been conducted to build an optimal 

configuration for training neural networks capable of performing individual tasks of a 

writing assistant:  

1. an individual baseline neural network was trained for each of the above tasks;    

2. a comparative analysis of the obtained models in relation to the existing leading 

approaches;  

3. the influence of training parameters (learning rate, number of steps, training 

optimization, schedule, and batch size) was evaluated;  

4. different types of neural networks and architectures and their impact on the final 

quality of the model are considered; 

5. different existing datasets and their combination during training, multi-stage 

approach are used; 

6. analyzed various pre-trained models and conducted our own pre-training 

attempts; 

7. the impact of using a dataset generated by large language models was evaluated. 

 

Experiments were conducted to combine tasks of a writing assistant for a single 

universal meta-model. Various approaches were used: training specialized tokens of 

vector representations, dividing the layers of the neural network into common (reused 

between tasks) and individual (for individual tasks), and using the architecture of 
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adapters. The resulting universal systems are analyzed using the proposed combined 

metric. The effectiveness of the approaches in terms of the number of parameters per task 

and quality unit is calculated.  

Finally, the resulting model is optimized to speed up its operation, avoiding a 

significant loss of quality on the tasks of a writing assistant and the combined metric. 

Various strategies are considered, such as quantizing weights into lower-precision 

formats, distributed inference, efficient memory management, and knowledge 

distillation. We also analyze software libraries for accelerating text generation such as 

ONNX. 

Keywords: natural language processing, conditional text generation, neural 

network, convolutional neural network, recurrent neural network, transformer 

architecture, grammar and spelling correction, text simplification, paraphrasing, large 

language model, meta-model, adapter. 
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#@54<5B>< 4>A;V465==O є ?@>F5A ?@>5:BC20==O =59@>==8E <5@56 @V7=>W 
0@EVB5:BC@8 4;O 28:>=0==O 7040G ?8Aь<>2>3> 0A8AB5=B0; 0=0;V7 73040=8E 28I5 

7040G, =0O2=8E 40=8E B0 >FV=>: 28<V@C O:>ABV @>1>B8. 

 

 5B>48 4>A;V465==O. ' 48A5@B0FV9=V9 @>1>BV 70AB>A>2CNBьAO <5B>48 
<0H8==>3> =02G0==O, 1030B>H0@>2V =59@>==V <5@56V @V7=>W 0@EVB5:BC@8. �;O 

?@>3@0<=>W @50;V70FVW <5B>4V2 B0 2V4?>2V4=8E <>45;59 28:>@8AB>2CєBьAO <>20 

?@>3@0<C20==O Python 3.9. 

 

!0C:>20 =>287=0 >B@8<0=8E @57C;ьB0BV2. #@>BO3>< 28@VH5==O 

AD>@<>20=8E 70240=ь 4>A;V465==O 2?5@H5 >B@8<0=> =0ABC?=V @57C;ьB0B8: 

1. '4>A:>=0;5=> <5B>4 >FV=:8 4;O O:>ABV @>1>B8 =0 7040G0E C<>2=>W 35=5@0FVW 

B5:ABC 70 @0EC=>: 28:>@8AB0==O =>@<0;V70FVW <5B@8: B0 >FV=N20==O 2:;04V2 

7040G. З0?@>?>=>20=89 :><1V=>20=89 <5B>4 4>72>;Oє >FV=N20B8, O: 4>1@5 

<>45;ь 28:>=Cє 7040GV ?8Aь<>2>3> 0A8AB5=BC. 

2. ЗV1@0=> =>289 =01V@ 40=8E 4;O B@5=C20==O 0A8AB5=BV2, 28:>@8AB>2CNG8 

>AB0==V 74>1CB:8 C =0?@O<:C 25;8:8E <>2=8E <>45;59. !01V@ 40=8E 2:;NG0є 

45:V;ь:0 7040G, ?@>0=>B>20=8E =0 @V7=8E 4><5=0E. 
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3. �?5@H5 ?>1C4>20=> є48=C C=V25@A0;ь=C =59@>==C <5@56C, 7040=C 

28:>=C20B8 =01V@ 7040G ?8Aь<>2>3> 0A8AB5=B0. "FV=5=> O:VABь @>18B8 <>45;V, 

?@>2545=> ?>@V2=O==O 7 V=H8<8 VA=CNG8<8 A8AB5<0<8. 

4. "?B8<V7>20=> H284:VABь B0 5D5:B82=VABь @>1>B8 <>45;V. %B2>@5=> @VH5==O, 

740B=5 ?@0FN20B8 C @568<V @50;ь=>3> G0AC. 

 

%B@C:BC@0 B0 >1AO3 48A5@B0FV9=>W @>1>B8. �8A5@B0FV9=0 @>1>B0 
A:;040єBьAO 7V 2ABC?C, B@ь>E @>74V;V2, 28A=>2:V2, 0 B0:>6 A?8A:C 28:>@8AB0=8E 

465@5;. З030;ь=89 >1AO3 @>1>B8 A:;040є 143 AB>@V=:8, 7 O:8E >A=>2=89 7<VAB 

28:;045=> =0 141 AB>@V=FV. �8A5@B0FVO <VAB8Bь 26 @8AC=:V2, 16 B01;8Fь B0 A?8A>: 

28:>@8AB0=8E 465@5; 7V 63 =09<5=C20=ь. 
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$"���� 1. �!���� �%!'.'�% !��$" �$�����%  �&"��� ��/ 

����' ' "�!"� ��!�$�&�� &��%&' 

�5=5@0FVO B5:ABC є G8 =5 =091V;ьH ?@>2V4=8< =0?@O<:>< >1@>1:8 ?@8@>4=>W 

<>28 B0 HBCG=>3> V=B5;5:BC, I> =090:B82=VH5 @>72820єBьAO =0 Aь>3>4=V. %CBBє2>N 

G0AB8=>N FVєW >1;0ABV є C<>2=0 35=5@0FVO, :>;8 =0 2EV4 ?>40єBьAO ?52=0 V=D>@<0FVO 

(C<>20) V B5:AB (28EV4) 35=5@CєBьAO 7 WW 2@0EC20==O<. 

З040GV ?8Aь<>2>3> 0A8AB5=B0 @>73;O=CBV C 40=V9 @>1>BV 2:;NG0NBь 

28?@02;5==O 3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>:, A?@>I5==O B0 

?5@5D@07C20==O B5:ABC. 'AV 2>=8 ?V4?040NBь ?V4 287=0G5==O 7040G C<>2=>W 

35=5@0FVW B5:ABC, 45 ?5@5?8A0=89 (28?@02;5=89) B5:AB 35=5@CєBьAO 7 C<>2>N =0 

2EV4=89 B5:AB :>@8ABC20G0. 

 

1.1 #>AB0=>2:0 7040GV C<>2=>W 35=5@0FVW B5:ABC 

 #>AB0=>2:0 7040GV C<>2=>W 35=5@0FVW B5:ABC <>65 1CB8 AD>@<C;ь>20=0 

<0B5<0B8G=> =0ABC?=8< G8=><.  

 0є<> 2EV4=89 B5:AB Č =  {Ď1, Ď2, & , ĎĄ}  4>268=>N Ą, 45 :>6=89 Ďÿ є 
A;>2>< 01> A8<2>;>< 2 B5:ABV. З0240==O ?>;O30є 2 35=5@0FVW 28EV4=>3> B5:ABC č = {ď1, ď2, & , ďă} 4>268=>N ă, =0 >A=>2V 40=>3> 2EV4=>3> B5:ABC Č. �A=Cє =52V4><0 

FV;ь>20 70;56=VABь 3 2V4>1@065==O ď∗: Č → č, 
7=0G5==O O:>W 2V4><> ;8H5 =0 >1’є:B0E A:V=G5==>W =02G0;ь=>W 281V@:8 Ā = {(Ď1, ď1), (Ď2, ď2), & , (ĎĂ , ďĂ)}. 

!5>1EV4=> ?>1C4C20B8 <>45;ь Ą: Č → č ?@89<0є =0 2EV4 Č V ?0@0<5B@8 �, 0 
2840є 9<>2V@=>AB=89 @>7?>4V; 28EV4=>3> B5:ABC č: 

Ą(č|Č;  �) =  ∏ Ą(ďĊ|ď<Ċ , Č;  �)ă
Ċ=1
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45 ď<Ċ ?>7=0G0є ?>A;V4>2=VABь A;>2>D>@<, I> ?5@54CNBь ďĊ, V Ą(ďĊ|ď<Ċ , Č;  �) є 

C<>2=>N 9<>2V@=VABN =0ABC?=>3> A;>20 ďĊ ?@8 7040=><C :>=B5:ABV ď<Ċ B0 

2EV4=><C B5:ABC Č.

З0240==O ?>;O30є 2 >?B8<V70FVW ?0@0<5B@V2 � B0:8< G8=><, I>1 

<0:A8<V7C20B8 ;>30@8D<VG=C ?@024>?>4V1=VABь 28EV4=>3> B5:ABC č 4;O 40=>3> 

2EV4=>3> B5:ABC Č 274>26 2Aь>3> =01>@C 40=8E: �∗ = arg max� ∑ log Ą(č|Č;  �)(ÿ,Ā)∈ÿ  

45 Ā є B@5=C20;ь=8< =01>@>< 40=8E. 

&0:0 ?>AB0=>2:0 7040GV <>65 1CB8 28:>@8AB0=0 4;O @V7=8E 70240=ь, 

2:;NG0NG8, 0;5 =5 >1<56CNG8Aь, A8=B57>< B5:ABC, 35=5@0FVєN 2V4?>2V459 2 

4V0;>3>28E A8AB5<0E, A?@>I5==O< B5:ABC, B>I>.  

 

1.2  5B@8:8 >FV=N20==O O:>ABV 

!091V;ьH 28:>@8AB>2C20=8<8 <5B@8:0<8 4;O 7040G C<>2=>W 35=5@0FVW B5:ABC 

2 70;56=>ABV 2V4 7040GV є BLEU, ROUGE, METEOR, SARI, FKGL, MaxMatch B0 TER. 

'AV 2>=8 28:>@8AB>2CNBь n-3@0<0<8 4;O 287=0G5==O @V7=8FV <V6 735=5@>20=8< 

(?5@5410G5=8< <>45;;N) B0 0=>B>20=8< (=0?8A0=8< ;N48=>N, 70728G09 C 

B5AB>2><C =01>@V 40=8E) B5:AB><. 

BLEU (BiLingual Evaluation Understudy) [4] 4 F5 >4=0 7 =09?>H8@5=VH8E 

<5B@8: 4;O >FV=:8 O:>ABV <0H8==>3> ?5@5:;04C B0 V=H8E 70240=ь 35=5@0FVW B5:ABC. 

�>=0 1C;0 22545=0 C 2002 @>FV V 7 B>3> G0AC AB0;0 AB0=40@B>< 2 >FV=FV <0H8==>3> 

?5@5:;04C. "A=>2=0 V45O BLEU ?>;O30є 2 ?>@V2=O==V n-3@0<V2 C 28EV4=><C B5:ABV 

(735=5@>20=><C B5:ABV) 7 n-3@0<0<8 2 @>7<VG5=><C B5:ABV (>@83V=0;ь=89 B5:AB 01> 

"7>;>B89 AB0=40@B") 7 B>G:8 7>@C B>G=>ABV A?V2?04V=ь. 

 5B@8:0 BLEU 4;O >4=>3> B5:ABC (@5G5==O) >1G8A;NєBьAO =0ABC?=8< G8=><: 

>1G8A;NєBьAO =0ABC?=8< G8=><:  

þĀāĉ =  þĄ ⋅ exp(∑ čĄ log ĆĄþ
Ą=1  )    
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45: 

• BP 4 D0:B>@ A:>@>G5==O (Brevity Penalty), O:89 HB@0DCє 70=04B> :>@>B:V 

28EV4=V B5:AB8. 

• N 4 <0:A8<0;ь=0 4>268=0 n-3@0<8. 

• čĄ 4 2038 4;O :>6=>W n-3@0<8 (70728G09, 4;O 4-3@0<8 2038 2AB0=>2;NNBьAO 

O: čĄ = 0.25 4;O Ą = 1,2,3,4). 

• ĆĄ 4 B>G=VABь n-3@0<8, >1G8A;5=0 O: 2V4=>H5==O :V;ь:>ABV A?V2?040NG8E n-

3@0<V2 2 735=5@>20=><C B0 @>7<VG5=><C B5:AB0E 4> 7030;ь=>W :V;ь:>ABV n-

3@0<V2 2 735=5@>20=><C B5:ABV. 

(0:B>@ A:>@>G5==O þĄ >1G8A;NєBьAO B0::  

þ = {ăĎĆ( 1 2 |ĈăĄ||/ďĆ| ,  я>I> |ĈăĄ| > |/ďĆ|1, і=а>Hе  

45: 

• |/ďĆ| 4 4>268=0 735=5@>20=>3> B5:ABC. 

• |ĈăĄ| 4 4>268=0 @>7<VG5=>3> B5:ABC =091;86G>3> 70 4>268=>N 4> 
735=5@>20=>3> B5:ABC. 

 

 <E. 1.1 – �D<>?48 CBLG>G ECV6C48VAAO n-7D4@ 

 

 5B@8:0 BLEU є >4=VєN 7 =091V;ьH @>7?>2AN465=8E C 28:>@8AB0==V, >A:V;ь:8 

2>=0 4>72>;Oє H284:> V 2V4=>A=> >1'є:B82=> >FV=N20B8 O:VABь 7040G C<>2=>W 

35=5@0FVW B5:ABC, E>G0 WW B0:>6 :@8B8:CNBь 70 =54>AB0B=N C203C 4> A5<0=B8:8 B0 

AB@C:BC@8 @5G5=ь. 
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 5B@8:0 ROUGE (Recall-Oriented Understudy for Gisting Evaluation) [5] є 

V=H>N ?>?C;O@=>N <5B@8:>N 4;O >FV=:8 O:>ABV 35=5@0FVW B5:ABC, 7>:@5<0, C 

7040G0E B5:AB>2>3> AB8A=5==O B0 0=>BC20==O. �>=0 D>:CACєBьAO =0 28<V@N20==V 

2V4B2>@N20=>ABV (Recall) <V6 735=5@>20=8< B5:AB>< V 0=>B>20=8< (7>;>B8< 

AB0=40@B><). 

"A=>2=V D>@<8 ROUGE 2:;NG0NBь C A515 B@8 :><?>=5=B8 4;O ?V4@0EC=:C 

<5B@8:8: 

• ROUGE-N: %?V2AB02;5==O n-3@0<V2 C 35=5@>20=><C B0 ?>A8;0;ь=><C 

B5:AB0E. 

• ROUGE-L: !094>2H0 A?V;ь=0 ?V4?>A;V4>2=VABь (LCS) <V6 42><0 B5:AB0<8. 

• ROUGE-S: �V4AB0=ь <V6 ?>A;V4>2=8<8 A;>20<8 2 B5:ABV. 

ROUGE 4;O n-3@0< (ROUGE-N) <>6=0 28@078B8 =0ABC?=>N D>@<C;>N: Ćăĉăā ∙ Ă = ∑ ∑ ÿąċĄĊăÿĊā/(ĄąĈÿăĄąĈÿă ∈ ĉ )ĉ ∈ ĂăĄ∑ ∑ ÿąċĄĊ(ĄąĈÿăĄąĈÿă ∈ ĉ )ĉ ∈ ĂăĄ  

45 ÿąċĄĊăÿĊā/(ĄąĈÿă) 4 :V;ь:VABь @07V2, :>;8 n-3@0<0 7CAB@VG0єBьAO O: C 

735=5@>20=><C, B0: V C 0=>B>20=><C B5:ABV, 0 ÿąċĄĊ(ĄąĈÿă) 4 7030;ь=0 :V;ь:VABь 

7CAB@VG59 n-3@0<8 2 0=>B>20=><C B5:ABV. 

 5B@8:0 ROUGE-L 28:>@8AB>2Cє :>=F5?FVN =094>2H>W A?V;ь=>W ?V4?>A;V4>2=>ABV 

(LCS). (>@<C;0 283;O40є B0:8< G8=><: Ćăĉăā ∙ Ā = Āÿć(Č, č)ĂăĄ(Č)  

45 Āÿć(Č, č) 4 4>268=0 =094>2H>W A?V;ь=>W ?V4?>A;V4>2=>ABV <V6 Č (735=5@>20=8< 

B5:AB><) B0 č (0=>B>20=8< B5:AB><), 0 ĂăĄ(Č) 4 4>268=0 735=5@>20=>3> B5:ABC. 

  5B@8:0 ROUGE-S 28<V@Nє 2V4=>H5==O <V6 :V;ь:VABN ?>A;V4>2=8E ?0@ A;V2 

(skip-bigrams), I> 71V30NBьAO 2 0=>B>20=><C V 735=5@>20=><C B5:AB0E. Skip-bigram 

4 F5 ?0@0 A;V2 C B5:ABV, <V6 O:8<8 <>65 1CB8 1C4ь-O:0 :V;ь:VABь V=H8E A;V2. Ćăĉăā ∙ Ă = ∑ ∑ ÿąċĄĊăÿĊā/(ĉāÿĆąĈÿăĄąĈÿă ∈ ĉ )ĉ ∈ ĂăĄ∑ ∑ ÿąċĄĊ(ĉāÿĆąĈÿăĄąĈÿă ∈ ĉ )ĉ ∈ ĂăĄ  
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45 ÿąċĄĊăÿĊā/(ĉāÿĆąĈÿă) 4 :V;ь:VABь @07V2, :>;8 skip-bigram 71V30єBьAO C 

735=5@>20=><C B0 0=>B>20=><C B5:AB0E, 0 ÿąċĄĊ(ĉāÿĆąĈÿă) 4 7030;ь=0 :V;ь:VABь 

skip-bigram 2 0=>B>20=><C B5:ABV. 

ROUGE-S 206;820 4;O 28?04:V2, :>;8 ?>@O4>: A;V2 206;8289, 0;5 45 <>6;82V 

=525;8:V 20@V0FVW 2 ?>@O4:C. *O <5B@8:0 4>72>;Oє <>45;V 1CB8 3=CG:>N I>4> 

?>@O4:C A;V2, 0;5 ?@8 Fь><C I5 70;8H0єBьAO 740B=VABь >FV=N20B8 O:VABь 35=5@0FVW 

B5:ABC. 

/: BLEU, B0: V ROUGE <0NBь A2>W ?5@52038 B0 =54>;V:8. BLEU 70728G09 

28:>@8AB>2CєBьAO 4;O >FV=:8 B>G=>ABV ?5@5:;04C, B>4V O: ROUGE 70728G09 

70AB>A>2CєBьAO 4;O >FV=:8 2V4B2>@N20=>ABV V G0AB> 28:>@8AB>2CєBьAO B0:8E 7040G0E, 

O: B5:AB>25 AB8A=5==O. "1842V <5B@8:8 <>6CBь 1CB8 28:>@8AB0=V @07>< 4;O 

>B@8<0==O 1V;ьH >1'є:B82=>W >FV=:8 O:>ABV 35=5@>20=>3> B5:ABC. 

METEOR (Metric for Evaluation of Translation with Explicit ORdering) [6] 4 F5 

<5B@8:0, O:0 1C;0 @>7@>1;5=0 7 <5B>N 24>A:>=0;5==O >FV=:8 O:>ABV <0H8==>3> 

?5@5:;04C, 4>4020==O< @V7=><0=VB=8E D0:B>@V2, O:V BLEU V3=>@Cє. METEOR 

2@0E>2Cє =5 BV;ь:8 B>G=V 71V38 A;V2, 0;5 V A8=>=V<8, AB5<8 B0 V=HV D>@<8 A;>20. �>=0 

B0:>6 C206=> AB028BьAO 4> ?>@O4:C A;V2 V <>65 =040B8 ?>:0@0==O 70 =5O2=VABь 

?>@O4:C. 

(>@<0;ь=>, METEOR 28@0E>2CєBьAO O: A5@54=є 30@<>=V9=5 Precision (P) B0 

Recall (R): āāĈāăĆ = ĂăăÿĄ ∙ (1 2 Ć) = (1 2 �) ∙ Ą ∙ Ć� ∙ Ą + Ć ∙ (1 2 Ć) 

45 Ą B0 Ć @>7@0E>2CNBьAO =0 @V2=V C=V3@0< 4;O 735=5@>20=>3> V 0=>B>20=>3> @5G5=ь 

2V4?>2V4=>,  0 Ć є HB@0D>< 70 ?>@CH5==O ?>@O4:C A;V2 B0 V=H8E D0:B>@V2, B0:8E O: 

A8=>=V<VO, AB5<V=3 B>I>. 

�;O B>3>, I>1 >1G8A;8B8 F59 HB@0D, C=V3@0<8 3@C?CNBьAO 2 =09<5=HV 

<>6;82V 3@C?8, 45 3@C?0 287=0G0єBьAO O: =01V@ C=V3@0<, O:V є AC<V6=8<8 2 3V?>B57V 

(735=5@>20=><C B5:ABV) B0 2 5B0;>=V (0=>B>20=><C). +8< 4>2HV AC<V6=V 

2V4>1@065==O <V6 :0=4840B>< V 5B0;>=><, B8< <5=H0 :V;ь:VABь G0AB8=. �V?>B570, 
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V45=B8G=0 5B0;>=C, =040є ;8H5 >4=C 3@C?C. ,B@0D p >1G8A;NєBьAO =0ABC?=8< 

G8=><: Ć = 0.5 ∙ ( āċă)3
 

45 ā 4 F5 :V;ь:VABь 3@C?, 0 ċă 4 :V;ь:VABь C=V3@0<, O:V 1C;> 2V4>1@065=>. 

 METEOR 3@0є 206;82C @>;ь C >FV=FV 735=5@>20=>3> B5:ABC B><C, I> 2V= 

=0<030єBьAO 27OB8 4> C2038 1030B> 0A?5:BV2 O:>ABV ?5@5?8AC20==O, O:V <>6CBь 1CB8 

?@>?CI5=V ?@8 28:>@8AB0==V <5=H A:;04=8E <5B@8:, B0:8E O: BLEU G8 ROUGE. 

*O <5B@8:0 =040є 1V;ьH 3;81>:5 B0 <5B>;>3VG=5 @>7C<V==O O:>ABV 735=5@>20=>3> 

B5:ABC. 

  5B@8:0 SARI (System output Against Reference and Input) [7] @>7@>1;5=0 

A?5FV0;ь=> 4;O >FV=:8 O:>ABV B5:AB>28E ?5@5B2>@5=ь, B0:8E O: A?@>I5==O B5:ABC. 

�>=0 2@0E>2Cє O: 0A?5:B8 B>G=>ABV, B0: V ?>2=>B8, B0 >FV=Nє B@8 :;NG>2V 

:><?>=5=B8: 2840;5=V A;>20 (delete), 4>40=V A;>20 (add) V 715@565=V A;>20 (keep). 

(>@<0;ь=>, SARI @>7@0E>2CєBьAO O: A5@54=є 0@8D<5B8G=5 F8E B@ь>E :><?>=5=BV2: ćýĆą = ĂÿĂĂ + ĂāăăĆ + ĄĂăĂ3  

45 :><?>=5=B8 :>6=>W >?5@0FVW ąĆă ∈ [ÿĂĂ, āăăĆ, ĂăĂ] 28@0E>2CNBьAO =0 
DV:A>20=><C @V2=V n-3@0<: 2V4 C=V3@0< 4> k-gram. ' >@83V=0;ь=V9 V<?;5<5=B0FVW 

28:>@8AB>2C20;>AO ā = 4. ĄąĆă(Ą) = 2 ⋅ ĆąĆă(Ą) ⋅ ĈąĆă(Ą)ĆąĆă(Ą) + ĈąĆă(Ą)  

ĂąĆă = 1ā ∑ ĄąĆă(Ą)Ą=[1, ..., ā]  

"A>1;82VABь SARI ?>;O30є 2 B><C, I> 2>=0 >FV=Nє =5 ;8H5 2V4=>H5==O <V6 

28EV4=8< B5:AB>< B0 45:V;ь:><0 @5D5@5=A=8<8 A?@>I5==O<8 (O: F5 70728G09 

@>1;OBь V=HV <5B@8:8), 0;5 V ?>@V2=Nє 28EV4=89 B5:AB V7 2EV4=8< B5:AB><. *5 

4>72>;Oє :@0I5 7@>7C<VB8, =0A:V;ь:8 5D5:B82=> A8AB5<0 715@53;0 7<VAB ?@8 

A?@>I5==V, B0 2 O:><C >1AO7V 2>=0 74V9A=8;0 7<V=8. 
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FKGL [8]  3 <5B@8:0 ?@87=0G5=0 4;O >FV=:8 G8B015;ь=>ABV B5:ABC. �>=0 

107CєBьAO =0 >1G8A;5==V :V;ь:>ABV A;V2, A:;04V2 B0 @5G5=ь 2 B5:ABV, B0 >FV=Nє, 4;O 

O:>3> :;0AC >A2VB=ь>W A8AB5<8 F59 B5:AB 1C45 =091V;ьH 7@>7C<V;8<. 

 0B5<0B8G=> FKGL @>7@0E>2CєBьAO 70 =0ABC?=>N D>@<C;>N: ĂÿăĀ = 0.39 # E?і6 # DеGе=ь + 11.8 # 7>?>E=их# E?і6 2 15.59 

 5B@8:C 70?@>?>=C202 J. Peter Kincaid I5 C 1975 4;O B5ABC =0 G8B015;ь=VABь. 

�>=0 =5 28:>@8AB>2Cє ?@028;ь=V (0=>B>20=V) @5G5==O, 0 B><C <0є 70AB>A>2C20B8AO C 

:><1V=0FVW 7 SARI. 

MaxMatch (M2) scorer [9] 28:>@8AB>2CєBьAO =09G0ABVH5 4;O >FV=:8 O:>ABV 

7040G 28?@02;5==O 3@0<0B8G=8E ?><8;>: (GEC), :C48 G0AB> 2:;NG0NBь V 

>@D>3@0DVG=V. "A:V;ь:8 VA=Cє :>=A5=ACA O: <0є 283;O40B8 3@0<0B8G=> ?@028;ь=5 

@5G5==O 0=3;V9Aь:>W, 0 28?@02;5=V @5G5==O =5 A8;ь=> 2V4@V7=ONBьAO 2V4 

>@83V=0;ь=8E, >FV=N20==O ?5@5?8AC20=ь B0:8E A8AB5< є 1V;ьH ?@>AB8< B0 

7@>7C<V;8< C ?>@V2=O==V 7 V=H8<8 7040G0<8 ?@8@>4=>W <>28. 

 

 <E. 1.2 – �<>BD<EF4AAO @4FD<JV �969ALF9=A4 8?O CB5G8B64 7D4H4 ;@VA 

MaxMatch 
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 2 @>7@0E>2CєBьAO =0 >A=>2V 7=0E>465==O =091V;ьH>W ?>A;V4>2=>ABV 

A?V2?040NG8E B>:5=V2 <V6 28EV4=8< (735=5@>20=8<) B5:AB>< A8AB5<8 B0 45:V;ь:><0 

4>?CAB8<8<8 20@V0=B0<8, O:V 22060NBьAO "?@028;ь=8<8" (70728G09 F5 B5:AB, 

>FV=5=89 ;N4Aь:8<8 5:A?5@B0<8). &0:8< G8=>< @0ECєBьAO B>G=VABь (precision) B0 

?>2=>B0 (recall), 0 40;V 70AB>A>2CєBьAO Ă0.5, O:89 ?@V>@VB87Cє ?5@H5 =04 4@C38< 
?@81;87=> C 2 @078. Ă0.5 = 1.25 ⋅ ĆĈăāÿĉÿąĄ ⋅ ĈăāÿĂĂ0.25 ⋅ ĆĈăāÿĉÿąĄ + ĈăāÿĂĂ 

&0:8< G8=><, MaxMatch (M2) є 206;82>N <5B@8:>N, I> 4>?><030є 

@>7@>1=8:0< >FV=8B8 V ?>;V?H8B8 5D5:B82=VABь A8AB5< GEC, A?@O<>20=8E =0 

AB2>@5==O 3@0<0B8G=> ?@028;ь=8E V 7@>7C<V;8E B5:ABV2. 

&0:>6 H8@>:>3> @>7?>2AN465==O =01C;0 <5B@8:0 ERRANT (ERRor 

ANnotation Toolkit) [10], O:89 є A?5FV0;V7>20=8< V=AB@C<5=B>< 4;O ?>@V2=O==O B0 

0=>B0FVW <>2=8E ?><8;>: 2 0=3;V9Aь:><C B5:ABV. �V4<V==VABN ERRANT 2V4 M2 є B5, 

I> 2>=0 D>:CACєBьAO =0 B8?0E ?><8;>: B0 WE :;0A8DV:0FVW, 70<VABь ?@>AB> 

2@0EC20==O :V;ь:>ABV. *5 @>18Bь WW :>@8A=>N 4;O 1V;ьH 7<VAB>2=>3> >FV=N20==O B0 

0=0;V7C A8AB5< 02B><0B8G=>3> 28?@02;5==O ?><8;>:. 

"A=>2=0 V45O ERRANT ?>;O30є 2 B><C, I>1 @>718B8 7<V=8 B5:ABC =0 0B><0@=V 

>?5@0FVW, B0:V O: 2AB02:0, 2840;5==O 01> 70<V=0 A;>20, V ?>BV< :;0A8DV:C20B8 FV 7<V=8 

70 B8?0<8 ?><8;>:, =0?@8:;04, >@D>3@0DVG=V, 3@0<0B8G=V 01> AB8;VAB8G=V. *5 

4>72>;Oє >B@8<0B8 4>:;04=89 0=0;V7 @>1>B8 A8AB5<8 B0 28O28B8, =0 O:8E B8?0E 

?><8;>: 2>=0 ?@0FNє =09:@0I5 G8 =093V@H5 

TER (Translation Edit Rate) [11] є I5 >4=VєN <5B@8:>N, O:0 H8@>:> 

28:>@8AB>2CєBьAO 4;O >FV=N20==O O:>ABV 35=5@>20=8E B5:ABV2, 7>:@5<0 2 7040G0E 

<0H8==>3> ?5@5:;04C. �>=0 28<V@Nє :V;ь:VABь @5403C20=ь, =5>1EV4=8E 4;O B>3>, 

I>1 ?5@5B2>@8B8 A8AB5<=89 282V4 =0 @5D5@5=A=89 B5:AB, =>@<0;V7>20=89 =0 

:V;ь:VABь A;V2 C @5D5@5=A=><C B5:ABV. 

 0B5<0B8G=>, TER <>65 1CB8 28@075=0 O:: ĈāĆ =  ĀăČăĄĉĊăÿĄ(/ďĆ, ĈăĄ)# ąĄ ĈăĄ ĊąāăĄĉ  
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45 ĀăČăĄĉĊăÿĄ(/ďĆ, ĈăĄ) 3 2V4AB0=ь �525=HB59=0 <V6 735=5@>20=8< B0 0=>B>20=8< 

B5:AB0<8.  

&0:, TER є BVA=> ?>2'O70=>N 7 @>7<V@=>N 2V4AB0==N �525=HB59=0 

(Levenshtein distance), O:0 B0:>6 28<V@Nє <V=V<0;ь=C :V;ь:VABь >48=>G=8E 

A8<2>;ь=8E @5403C20=ь (2AB02>:, 2840;5=ь, 70<V=) 4;O ?5@5B2>@5==O >4=>3> @O4:0 

2 V=H89. "4=0:, 2V4AB0=ь �525=HB59=0 70AB>A>2CєBьAO =0 @V2=V A8<2>;V2, B>4V O: 

TER D>:CACєBьAO =0 @V2=V A;V2. 

�A5 28I5707=0G5=5 @>18Bь TER 206;82>N <5B@8:>N 4;O >FV=:8 O:>ABV 

735=5@>20=>3> B5:ABC, 4>72>;ONG8 =5 ;8H5 ?>@V2=OB8 @V7=V A8AB5<8, 0;5 9 

4V03=>ABC20B8 A?5F8DVG=V >1;0ABV B5:ABC 4;O ?>;V?H5==O. 

BERT-score [12] є ACG0A=>N <5B@8:>N, O:0 28:>@8AB>2Cє ?@54AB02;5==O =0 

>A=>2V <>45;V BERT (Bidirectional Encoder Representations from Transformers) 4;O 

>FV=N20==O ?>4V1=>ABV <V6 735=5@>20=8< B0 @5D5@5=A=8< B5:AB0<8. *O <5B@8:0 

2@0E>2Cє =5 ;8H5 ?>25@E=52C AB@C:BC@C B5:ABC, O: C 28?04:C 7 BLEU 01> TER, 0;5 

9 3;81>:V A5<0=B8G=V E0@0:B5@8AB8:8, O:V <>65 2;>28B8 BERT. 

 0B5<0B8G=> BERT-score 28:>@8AB>2Cє :>A8=CA=C ?>4V1=VABь <V6 

25:B>@=8<8 ?@54AB02;5==O<8 A;>20 2 735=5@>20=><C B5:ABV B0 2V4?>2V4=><C A;>2V 2 

@5D5@5=A=><C B5:ABV. �;O :>6=>3> A;>20 2 735=5@>20=><C B5:ABV >1G8A;NєBьAO 

?>4V1=VABь 7 CAV<0 A;>20<8 2 @5D5@5=A=><C B5:ABV, V 2818@0єBьAO =091V;ьH89 

:>5DVFVє=B ?>4V1=>ABV. 

BERT-score 70728G09 28:>@8AB>2Cє F1-<5B@8:C 4;O :V=F52>W >FV=:8. F1-

<5B@8:0 є 30@<>=V9=8< A5@54=V< <V6 B>G=VABN (Precision) B0 ?>2=>B>N (Recall), V 

2>=0 4>?><030є 710;0=AC20B8 FV 42V E0@0:B5@8AB8:8: Ă1 = 2 ⋅ ĄĈăāÿĉÿąĄĀĂ ⋅ ĆăāÿĂĂĀĂĄĈăāÿĉÿąĄĀĂ + ĆăāÿĂĂĀĂ  

�5 

ĄĈăāÿĉÿąĄ = 1Ă ∑ maxă ÿąĉÿĄăćÿăÿĂÿĈÿĊď(āĄ, Ćă)þ
Ą=1  
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 ĆăāÿĂĂ = 1ā ∑ maxĄ ÿąĉÿĄăćÿăÿĂÿĈÿĊď(āĄ, Ćă)ý
ă=1  

45 āĄ 4 25:B>@=5 ?@54AB02;5==O n-3> A;>20 2 735=5@>20=><C B5:ABV, Ćă 4 25:B>@=5 

?@54AB02;5==O m-3> A;>20 2 @5D5@5=A=><C B5:ABV, Ă V ā 4 :V;ь:VABь A;V2 C 

735=5@>20=><C V @5D5@5=A=><C B5:AB0E 2V4?>2V4=>. 

 

 <E. 1.3 – �BC4DA4 >BE<AGEA4 CB8V5AVEFь @V: 69>FBDA<@< CD98EF46?9AAO@< 

BERT ;79A9DB64AB7B V 4ABFB64AB7B F9>EFV6 

 

BERT-score ?@87=0G5=0 4;O >FV=:8 O:VABь 735=5@>20=>3> B5:ABC =0 1V;ьH 

3;81>:><C @V2=V, I> @>18Bь WW :>@8A=>N 4;O 7040G, 45 =5>1EV4=0 28A>:0 A5<0=B8G=0 

B>G=VABь. 
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1.3 #@>2V4=V ?@0:B8:8 4;O 7040GV ?5@5D@07C20==O B5:ABC 

#5@5D@07C20==O 3 ?5@5:07 B5:ABC V=H8<8 A;>20<8 7V 715@565==O< 7<VABC. 

!0?@8:;04, ?8B0==O <How do I talk English fluently?= B0 <How can I improve my 

English speaking?= <>6=0 22060B8 ?0@0D@070<8. "A>1;82VABN 40=>3> =0?@O<:C C 

?>@V2=O==V 7 V=H8<8 7040G0<8 >1@>1:8 ?@8@>4=>W <>28 є 25;8:0 :V;ь:VABь @>1VB, O:V 

=5 28:>@8AB>2CNBь @>7<VG5=V 40=V, 0 >?5@CNBь ;8H5 728G09=8<8  <>=> :>@?CA0<8 

B5:ABC. %?@020 2 B><C, I> C<>20 V 28EV4 4;O FVєW 7040GV є 270є<>70<V==8<8: O:I> 7 

@5G5==O Ď1, Ď2, & , ĎĄ <8 <>65<> >B@8<0B8 @5G5==O ď1, ď2, & , ďă 7 25;8:>N 

9<>2V@=VABN, B> 9 ;>3VG=> I> ?@8 C<>2V ď1, ď2, & , ďă 28EV4 Ď1, Ď2, & , ĎĄ <0є <0B8 

25;8:C 9<>2V@=VABь. �V;ьH5 B>3>, :>6=5 @5G5==O =5 ?>28==5 <0B8 AB@>3> 1 

?0@0D@07, 0 <>65 1CB8 ?5@5?8A0=> @V7=8<8 A?>A>10<8, I> ?V4:@5A;Nє V<>2V@=VA=C 

?@8@>4C 7040GV. 

�;O ?5@5D@07C20==O VA=Cє 2V4=>A=> 25;8:0 :V;ь:VABь 465@5; 40=8E @V7=>W 

O:>ABV B0 @V7=>3> @V2=O (A;>2>A?>;CG5==O, @5G5==O, 0170F8). %5@54 =8E A;V4 

284V;8B8: 

• Quora Question Pairs (QQP) [13] A:;040єBьAO 7 404,290 ?0@ ?8B0=ь 7 A09BC 

Quora, O:V 1C;8 ?><VG5=V <>45@0B>@0<8 O: 4C1;V:0B8 V B><C є 30@0=B>20=> 

?0@0D@070<8; 

• ParaNMT [14] <VAB8Bь 1V;ьH5 50 <;= ?0@ 0=3;V9Aь:>N, 735=5@>20=8E 

=59@><5@56528< ?5@5:;04>< ?0@0;5;ь=8E :>@?CAV2 4;O 7040G <0H8==>3> 

?5@5:;04C. �@V< A0<8E ?0@ =01V@ 40=8E 2:;NG0є C A515 >FV=:8 O:>ABV 

?0@0D@07V2; 

• LanguageNet [15] 3 =01V@ ?0@0D@07V2 >B@8<0=89 <28@V2=N20==O<= @5G5=ь 

B2VBV2, O:V ?>A8;0;8Aь =0 >48= 9 B>9 A0<89 URL. �V= =0;VGCє 51,524 ?0@ 

@5G5=ь @>7<VG5=8E 0=>B0B>@0<8; 

• MSCOCO [16] 1C2 @>7@>1;5=89 4;O 7040GV AB2>@5==O AC1B8B@V2 4> 

7>1@065=ь. �>6=0 :0@B8=:0 <0;0 5 ?V4?8AV2, O:V 7 25;8:>N 9<>2V@=VABN є 

?0@0D@070<8, I> C AC<V =0;VGCє 117 B8AOG ?0@. 

&01;8FO 1.1 3 #0@0<5B@8 =01>@V2 40=8E  4;O ?5@5D@07C20==O  
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!0720 %B2>@5==O �-Bь =01>@V2 #@8:;04V2 C =01>@V �-Bь ?0@ 

ParaNMT 735=5@>20=89 50 000 000 2 100 000 000 

QQP ?@>0=>B>20=89 400 000 2 800 000 

MSCOCO ?@>0=>B>20=89 123 000 5 2 500 000 

 

#@>0=0;V7C202H8 ;VB5@0BC@C ?> ?5@5D@07C20=-=N <>6=0 ?@89B8 4> 

=0ABC?=>3> 28A=>2:C: =09:@0I>N A8AB5<>N 4;O ?>B>G=>W 7040GV є LBOW-Topk 7 

@>1>B8 Paraphrase Generation with Latent Bag of Words [17].  >45;ь 3 5=:>45@-

45:>45@ LSTM 7 <>48DV:0FVO<8 4;O 2@0EC20==O A?5F8DV:8 7040GV ?5@5D@07C20==O. 

' :;0A8G=><C seq2seq ?V4E>4V <>45;ь A?>G0B:C :>4Cє 2EV4=C ?>A;V4>2=VABь                     Ď =  Ď1, Ď2, & , ĎĄ   C ?>A;V4>2=VABь / ;0B5=B=>3> ?@>AB>@C, 0 ?>BV< 45:>4Cє WW C 

FV;ь>2C ?>A;V4>2=VABь ď. 

�=:>45@ ăĄā� B0 45:>45@ Ăăā� 3 =59@>==V <5@56V, 0 DC=:FVO 2B@0B @0ECєBьAO 

=0ABC?=8< G8=><: / = ăĄā�(Ď) Ć(ď|Ď) = Ăăā�(/) Āă2ă = �(ā∗,Ă∗)~P[2 log Ć�(ď∗|Ď∗)] 
45 Ą∗ 3 A?@026=V9 @>7?>4V; 40=8E. 

 З0?@>?>=>20=0 6 <>45;ь 28:>@8AB>2Cє A;>20 7 2EV4=>3> @5G5==O 4;O 

?5@5410G5==O WE <ACAV4V2= 2 <VH:C A;V2 7 FV;ь>2>3> @5G5==O. З ?5@5410G5=8E 

<ACAV4V2= 15@5BьAO 28?04:>28< G8=>< ?V4<=>68=0 A;V2, O:0 9 28:>@8AB>2CєBьAO 4;O 

?5@5410G5==O FV;ь>2>3> @5G5==O. $>18BьAO F5 =0ABC?=8< G8=><. 

!5E09 <0є<> A;>2=8: @>7<V@C Ċ, B>4V <VH>: A;V2 Đ @>7<V@C ā - F5 25:B>@ 7 Ćý, 

45 ā 3 :V;ь:VABь >48=8Fь, 0 2AV V=HV 7=0G5==O =C;V. #@8?CA:0єBьAO, I> Đ >B@8<CєBьAO 

H;OE>< A5<?;V=3C 7 107>2>3> :0B53>@V0;ь=> @>7?>4V;C  Ć(Đ̃|Ď) ā @07V2 157 70<V=. �;O 

:>6=>3> A;>20 xi 7 2EV4=>W ?>A;V4>2=>ABV <>45;NєBьAO <ACAV4= ĐÿĀ ∈ RV: Ć(ĐÿĀ|Ďÿ) = ÿÿĊăąąĈÿāÿĂ (ϕÿĀ(Ď)), 
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45 �ÿĀ 3 =59@>==0 <5@560. !0 ?@0:B8FV 70AB>A>2CєBьAO ;V=V9=89 H0@ 7 softmax =0 

28E>4V / 5=:>45@C ăĄāφ. #@8?CA:0єBьAO, I> :>65= 28EV4=89 B>:5= Ďÿ <0є 
<0:A8<0;ь=C :V;ь:VABь ACAV4V2 Ă. �0;V 9<>2V@=>ABV 2AVE <ACAV4V2= ?5@5<VHCNBьAO 
CA5@54=5==O<: Đ̃~Ć�(Đ̃|Ď) = 1ăĂ ∑ Ć(ĐÿĀ|Ď)ÿ,Ā . 

 

 <E. 1.4 – !I9@4F<KA9 ;B5D4:9AAO 4DIVF9>FGD< LBOW-TopK 

 

/: 1C;> 73040=> 28I5, <VH>: A;V2 Đ A5<?;8BьAO ā @07V2 157 70<V= 7 @>7?>4V;C Ć(Đ̃|Ď). &>4V Đ 28:>@8AB>2CєBьAO 4;O :>=B@>;ь>20=>3> 45:>4C20==O 28EV4=>W 

?>A;V4>2=>ABV ď: Đ~Ć�(Đ̃|Ď)  ď~Ć�(ď|Ď, Đ) = Ăăā�(Ď, Đ) 

&>4V DV=0;ь=0 DC=:FVO 2B@0B 2@0E>2Cє O: :>@5:B=VABь ?5@5410G5==O <VH:C 

A;V2, B0: V 45:>4C20==O: Āă2ă′ = �(ā∗,Ă∗)~P, ă~Ć�(ẵ|ā)[2 Ăąą   Ć�(ď∗|Ď∗, Đ)] Ā�ÿþ = �ă∗~Ā∗[2 Ăąą   Ć�(Đ∗|Ď)] Ā = Āă2ă′ + Ā�ÿþ , 
45 Đ∗ ?@54AB02;Oє <VH>: A;V2 FV;ь>2>W ?>A;V4>2=>ABV.  

%0< ?> A>1V A5<?;V=3 Đ є =548D5@5=FV9>20=8<. ->1 <0B8 7<>3C @0EC20B8 

3@04Vє=B8 72>@>B=>3> ?>H8@5==O ?><8;:8 28:>@8AB>2C-єBьAO ?0@0<5B@8G=0 >FV=:0 
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3@04Vє=BV2 G5@57 gumbel-softmax. !5E09 9<>2V@=VABь Đ̃ 4>@V2=Nє Ć(Đ̃ = ÿ|Ď) =�ÿ ,   ÿ ∈ 1, & , Ċ. З1C@5=V 2038 V 9<>2V@=>ABV >B@8<CNBьAO =0ABC?=8< G8=><: ÿÿ = Ăąą   �ÿ + ąÿ ąÿ~ăċăĀăĂ(0,  1) 

�81V@ k =091V;ьH8E 203V2 7  Ď =  Ď1, Ď2, & , Ďý  40ABь B>9 A0<89 @57C;ьB0B, I> 9 
A5<?;V=3 k @07V2 157 70<V=. 

)>@>H8< ?@8:;04>< ?>1C4>28 A8AB5<8 ?5@5D@07C20==O 157 28:>@8AB0==O 

2V4?>2V4=8E B@5=C20;ь=8E 40=8E є @>1>B0 Zero-Shot Paraphrase Generation with 

Multilingual Language Models [18]. �2B>@8 AB25@46CNBь, I> AB0=40@B=89 ?V4EV4 

35=5@0FVW ?0@0D@07V2 G5@57 ?>42V9=89 ?5@5:;04 є =5 =04V9=8< B0 G0AB> <>65 

7<V=N20B8 7<VAB @5G5=ь. !0B><VABь ?@>?>=CNBь 28:>@8AB>2C20B8 =01>@8 40=8E 

<0H8==>3> ?5@5:;04C 4;O FVєW 7040GV =0 <>2=8E <>45;OE 0@EVB5:BC@8 B@0=AD>@<5@ 

(45 BV;ь:8 45:>45@). 

%?>G0B:C B@5=CєBьAO AB0=40@B=0 <>2=0 <>45;ь >4@07C =0 45:V;ь:>E <>20E, 

4;O Fь>3> =0 2EV4 ?>40NBьAO A;C61>2V B>:5=8 3 ?>G0B:>289 V :V=F5289, B>:5=, I> 

2V4?>2V40є <>2V, B0 A0< B5:AB. !0?@8:;04, <bos> <en> cat sat on the mat <eos> 01> 

<bos> <fr> j'aime le football <eos>. &0:8< G8=><, <>45;ь 282G0є O: 1C4CNBьAO 

@5G5==O @V7=8<8 <>20<8, 0 <>2=89 B>:5= 40є <>6;82VABь :>=B@>;N20B8 O:>N 

<>2>N <8 35=5@Cє<> B5:AB. 

�0;V 28:>@8AB>2CєBьAO =01>@8 40=8E 7 <0H8==>3> =02G0==O. !0 2EV4 

?>40NBьAO ?0@8 @5G5=ь, O:V є ?5@5:;040<8 >48= >4=>3>. З=>2C 70AB>A>2CNBьAO 

<>2=V B>:5=8, 0 B0:>6 B>:5= @>74V;5==O @5G5=ь. !0?@8:;04, <bos> <en> cat sat on 

the mat <dim> <delim> <fr> chat assis sur le tapis <eos>. 

� @57C;ьB0BV, I>1 >B@8<0B8 ?0@0D@07 O: ?@5DV:A 4@C3>3> @5G5==O ?>40єBьAO 

<>2=89 B>:5= BVєW 6 A0<>W <>28. !0?@8:;04, =0 2EV4 <bos> <en> cat sat on the mat 

<dim> <delim> <en> , 0 =0 28EV4 <bos> <en> cat sat on the mat <dim> <delim> 

<en>  the cat sitting on the carpet <eos>. 
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&0:>6 4;O ?>:@0I5==O @57C;ьB0BC 28:>@8AB>2CNBь 4>40B:>2> ?@54AB02;5==O 

<>2, 018 >AB0B>G=> 7<CA8B8 <>45;ь ;8H0B8AO =0 >4=V9 <>2V, 70HC<;5==O 2EV4=8E 

@5G5=ь, 018 <>45;ь ;8H0;0Aь V=20@V0=B=>N 4> ?><8;>:. 

�=H>N FV:02>N @>1>B>N 4;O 7040GV ?5@5D@07C20==O є Learning Semantic 

Sentence Embeddings using Pair-wise Discriminator [19]. ' =V9 02B>@8 B@5=CNBь =5 

BV;ь:8 5=:>45@ B0 45:>45@, 0 9 48A:@8<V=0B>@. 

�=:>45@ B0 45:>45@ =02G0NBьAO 7V AB0=40@B=>N DC=:FVєN 2B@0B 3 :@>Ac 

5=B@>?VєN. �0;V 48A:@8<V=0B>@, O:89 <0є A?V;ь=V 2038 7 5=:>45@><, 1C4Cє 25:B>@=V 

?@54AB02;5==O 4;O 735=5@>20=>3> 5:>45@><-45:>45@>< ?0@0D@07C B0 4;O FV;ь>2>3> 

@5G5==O. �2B>@8 ?@>?>=CNBь <0:A8<V7C20B8 A:0;O@=89 4>1CB>: 2V4?>2V4=8E 

?@54AB02;5=ь ?5@5410G5=8E 9 @>7<VG5=8E @5G5=ь B0 <V=V<V7C20B8 9>3> 4;O 2AVE 

V=H8E @5G5=ь C 10BGV. 

� @57C;ьB0BV <8 >B@8<Cє<> ?>є4=0==O ;>:0;ь=>W DC=:FVW 2B@0B (4;O :>6=>3> 

B>:5=C 735=5@>20=>3> 45:>45@><) B0 3;>10;ь=>W (AE>6VABь 25:B>@=8E 

?@54AB02;5=ь). &0:8< G8=>< <8 =0<030є<>AO B0:>6 2@0EC20B8 7030;ь=89 7<VAB 

@5G5==O. #VA;O B@5=C20==O 48A:@8<V=0B>@ 1V;ьH5 =5 ?>B@V1=89, 4>AB0B=ь> 

28:>@8AB>2C20B8 5=:>45@-45:>45@ <5@56C AB0=40@B=8< G8=><. 

 

1.4 #@>2V4=V ?@0:B8:8 4;O 7040GV 28?@02;5==O 3@0<0B8G=8E B0 
>@D>3@0DVG=8E ?><8;>: 

' 7040GV 28?@02;5==O 3@0<0B8G=8E ?><8;>: (GEC) =0 2EV4 (O: C<>20) 

?>40єBьAO @5G5==O, 2 O:><C ?>B5=FV9=> <>6CBь 1CB8 ?><8;:8, =0 28EV4 A8AB5<0 <0є 

2840B8 28?@02;5=5 @5G5==O, B>1B> 157 ?><8;>:. )0@0:B5@=>N >A>1;82VABN 

=0?@O<:C є B5, I> 28EV4=5 @5G5==O =5 A8;ь=> 2V4@V7=OєBьAO 2V4 2EV4=>3> 3 2V4=>A=> 

<0;0 2V4AB0=ь �525=HB59=0 ?> A;>20<. +5@57 F5 1030B> @>1VB C 40=V9 >1;0ABV =5 

?5@5?8ACNBь @5G5==O ?>2=VABN, 0 ;8H5 ?@>?>=CNBь 28?@02;5==O. &0:8< G8=><, 

?V4E>48 7 <0@:C20==O ?>A;V4>2=>AB59 ?@0FNNBь =0 @V2=V 7 seq2seq. 
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�;O 7040GV 28?@02;5==O 3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>: VA=Cє 4>2>;V 

25;8:0 :V;ь:VABь @>7<VG5=8E 40=8E, 1V;ьHVABь 7 O:8E >B@8<0=V 7 :C@AV2 282G5==O 

0=3;V9Aь:>W. %5@54 =8E: 

• National University of Singapore Corpus of Learner English (NUCLE) [20] 

<VAB8Bь 1,400 5A5 =0?8A0=8E ABC45=B0<8 B0 ?@>0=>B>20=8E ?@>D5AV9=8<8 

28:;040G0<8 0=3;V9Aь:>W. �Aь>3> =0;VGCє 56,958 @5G5=ь, :>6=5 7 O:8E 

?@>0=>B>20=5 2 A?5FV0;VAB0<8; 

• Lang-8 Learner Corpora [21] є =091V;ьH8< A5@54 2V4><8E 2V4:@8B8E :>@?CAV2. 

 VAB8Bь <0965 <V;ь9>= ?0@ @5G5=ь 0=3;V9Aь:>N 7 A09BC Lang-8, 45 

:>@8ABC20GV 28?@02;ONBь 3@0<<0B8:C >48= >4=>3>; 

• First Certificate in English (FCE) [22] corpus A:;040єBьAO 1,244 28?@02;5=8E 

2V4?>2V459 4> 5:70<5=0FV9=8E ?8B0=ь FCE; 

• W&I+LOCNESS [23] <VAB8Bь 34,304 ?0@ @5G5=ь, O:V 1C;8 =0?8A0=V 

ABC45=B0<8 B0 @>7<VG5=V ?@>D5AV9=8<8 0=>B0B>@0<8 7 Write & Improve. �@V< 

A0<8E ?0@ <VAB8BьAO V=D>@<0FVO ?@> B5, O:89 @V25=ь 0=3;V9Aь:>W 740202 

ABC45=B.  

 

!09:@0I>N A8AB5<>N 4;O 28?@02;5==O 3@0<0B8G=8E V >@D>3@0DVG=8E 

?><8;>: є GECToR 7 @>1>B8 GECToR 3 Grammatical Error Correction: Tag, Not 

Rewrite [24].  >45;ь, 70<VABь B>3> I>1 ?5@5410G0B8 ?@028;ь=5 @5G5==O, ?5@5410G0є 

28?@02;5==O, O:V ?>B@V1=> 7@>18B8. З B>G:8 7>@C 0@EVB5:BC@8 3 F5 B@0=AD>@<5@ 

XLNet [25], 4>B@5=>20=89 =0 ?5@5410G5==V 3@0<0B8G=8E B0 >@D>3@0DVG=8E 

28?@02;5=ь. !59@>==0 <5@560 =0<030єBьAO 28@VH8B8 >4@07C 2 7040GV: ?5@5410G8B8 

G8 ?>B@V1=> @>18B8 28?@02;5==O 4;O ?>B>G=>3> B>:5=0 Ďÿ ?>A;V4>2=>ABV Ď = Ď1, Ď2, & , ĎĄ B0 O:5 A0<5 28?@02;5==O ?>B@V1=> 7@>18B8. �;O Fь>3> >B@8<0=5 ?VA;O 

5=:>45@0 ?@54AB02;5==O /ÿ ?>40єBьAO >4@07C =0 2 ;V=V9=V H0@8: / = ăĄā�(Ď) ĆĂ = ċĂ/ + ĀĂ ĆĂ = ċĂ/ + ĀĂ . 
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 �0;V 4;O >1>E ?5@5410G5=ь @0ECєBьAO DC=:FVO 2B@0B B0 AC<CєBьAO: Ā = ĀĂÿĀăĂÿĄą + ĀĂăĊăāĊÿąĄ 

�A=CNBь @V7=V B8?8 28?@02;5=ь, O:V ?5@5410G0є <>45;ь: 

• KEEP 3 =5 GV?0B8 ?>B>G=89 B>:5=; 

• DELETE 3 2840;8B8 ?>B>G=89 B>:5=; 

• APPEND_wi 3 2AB028B8 A;>2> wi ?VA;O ?>B>G-=>3> B>:5=C; 

• REPLACE_wi 3  70<V=8B8  ?>B>G=89  B>:5=  =0 A;>2> wi; 

• CASE 3 7<V=8B8 @53VAB@ ?>B>G=>3> B>:5=C; 

• MERGE 3 <7’є4=0B8= ?>B>G=89 B>:5= 7 =0ABC?-=8<; 

• SPLIT 3 @>718B8 ?>B>G=89 B>:5= =0 420; 

• NOUN NUMBER 3 7<V=8B8 <=>68=C ?>B>G=>-3> V<5==8:0; 

• VERB FORM 3 7<V=8B8 D>@<C ?>B>G=>3> 4VєA;>20. 

 

"A:V;ь:8 40=0 <>45;ь є =502B>@53@5A82=>N B0 <0є ;8H5 5=:>45@ (45:>45@ 

2V4ACB=V9), 2>=0 є 2V4=>A=> H284:>N (?@81;87=> 2 2-3 @078 70 02B>@53@5A82=V 

<>45;V). 

�=H0 2V4><0 0@EVB5:BC@0 4;O 28?@02;5==O 3@0<0B8G=8E B0 >@D>3@0DVG=8E 

?><8;>: 1C;0 ?@54AB02;5=0 C @>1>BV Improving Grammatical Error Correction via Pre-

Training a Copy-Augmented Architecture with Unlabeled Data [26]. *5 <>48DV:0FVO 

B@0=AD>@<5@C 7 28:>@8AB0==O< B0: 720=>3> <5E0=V7<C :>?VN20==O. 

!0 :>6=><C :@>FV 35=5@0FVW 45:>45@C, >:@V< 281>@C B>:5=V2 7 DV:A>20=>3> 

A;>2=8:0, =59@>==0 <5@560 «71030G5=0» <5E0=V7<>< :>?VN20==O <0є <>6;82VABь 

2818@0B8 B>:5=8 7 2EV4=>3> @5G5==O. 

&0:8< G8=>< DV=0;ь=89 @>7?>4V; ĄĊ F5 :><1V=0FVO @>7?>4V;C 35=5@0FVW ĄĊąăĄ
 

B0 @>7?>4V;C :>?VN20==O ĄĊāąĆĂ. � @57C;ьB0BV <0є<> @>7H8@5==O 2EV4=>3> A;>2=8:0 
B>:5=0<8 7 2EV4=>3> B5:ABC. �0;0=A <V6 :>?VN20==O< B0 35=5@0FVєN 4>AO30єBьAO 

7024O:8 7<V==V9 �ĊāąĆĂ ∈ [0,1] =0 :>6=><C :@>FV G0AC Ċ: ĆĊ(č) = (1 2 �ĊāąĆĂ) ∗ ĆĊąăĄ(č) + �ĊāąĆĂ ∗ ĆĊāąĆĂ(č) 
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 <E. 1.5 – !I9@4F<KA9 ;B5D4:9AAO 4DIVF9>FGD< GECToR 

 

/:I> >1@0EC=>:  ĄĊąăĄ
 2V41C20єBьAO AB0=40@B=8< G8=><, B> ĄĊāąĆĂ

 @0ECєBьAO 

70 4>?><>3>N =>2>3> @>7?>4V;C C2038 <V6 ?>B>G=8< ?@8E>20=8< AB0=>< 45:>45@C /ĊĈą B0 ?@8E>20=8<8 AB0=0<8 5=:>45@C ĄĉĈā. '2030 :>?VN20==O @0ECєBьAO AE>68< 
G8=><, O: C2030 <V6 5:>45@>< B0 45:>45@><: ćĊ , ÿ, Ċ = /ĊĊĈąċćĄ , ĄĉĈāċāĄ , ĄĉĈāċÿĄ ýĊ = ćĊĄÿ ĄĊāąĆĂ(č) = ĉąĄĊăÿĎ(ýĊ) 

�0;V 28:>@8AB>2CєBьAO =>@<0;V7>20=89 @>7?>4V; C2038 B0 ?@8E>20=V AB0=8 

:>?VN20==O 4;O >1@0EC=:C 10;0=ACNG>N 7<V==>W �ĊāąĆĂ
: �ĊāąĆĂ = �(ċĄ∑(AtĄĊ)). 

' @>1>BV Synthetic Data Generation for Grammatical Error Correction with 

Tagged Corruption Models [27] @>73;O40єBьAO V=H89 =0?@O<>: 4;O ?>:@0I5==O 

A8AB5< 28?@02;5==O 3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>: 4 35=5@0FVO 

A8=B5B8G=8E 40=8E 4;O ?>40;ьH>3> ?@5B@5=C20==O. 

' B@048FV9=8E <5B>40E 2=5A5==O ?><8;>: 4> B5:ABV2 G0AB> 28:>@8AB>2CNBьAO 

?@028;0, O:V 70AB>A>2CNBьAO 28?04:>28< G8=><. #@>B5, =>289 ?V4EV4 ?5@5410G0є 
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28:>@8AB0==O A?5FV0;V7>20=>W =59@>==>W <5@56V 4;O AB2>@5==O ?><8;>:, O:89 

2V4@V7=OєBьAO A2>єN FV;5A?@O<>20=VABN B0 5D5:B82=VABN. 

!0 ?5@H><C 5B0?V 28:>@8AB>2CєBьAO AB0=40@B=89 =01V@ 40=8E 4;O B@5=C20==O 

<>45;59, ?@87=0G5=8E 4;O 28?@02;5==O ?><8;>: C B5:ABV. *V 40=V ?>?5@54=ь> 

>1@>1;ONBьAO 70 4>?><>3>N V=AB@C<5=BC ERRANT, O:89 4>72>;Oє @>7<VB8B8 B5:AB 

=0 :>=:@5B=V B8?8 ?><8;>:. *5 40є <>45;V <>6;82VABь 1V;ьH B>G=> 7@>7C<VB8, O:V 

A0<5 ?><8;:8 G0AB> 7CAB@VG0NBьAO 2 B5:AB0E B0 O: 2>=8 @>7?>4V;5=V. 

!0ABC?=8< :@>:>< є B@5=C20==O <>45;V =0 35=5@0FVW B5:ABC 7 ?><8;:0<8 =0 

>A=>2V 2EV4=>3> ?@028;ь=>3> B5:ABC. ' Fь><C 28?04:C, B8? ?><8;:8 ?>40єBьAO =0 

2EV4 <>45;V C 283;O4V B5:AB>2>3> ?@5DV:A0, I> 4>72>;Oє <>45;V FV;5A?@O<>20=> 

2=>A8B8 :>=:@5B=V ?><8;:8 C 287=0G5=V <VAFO B5:ABC. *5 ACBBє2> 2V4@V7=OєBьAO 2V4 

728G09=8E <5B>4V2, 45 ?><8;:8 35=5@CNBьAO 28?04:>2>, V 4>72>;Oє 1V;ьH B>G=> 

<>45;N20B8 @50;ь=V ?><8;:8, O:V 7CAB@VG0NBьAO 2 B5:AB0E. 

&0:89 ?V4EV4 <>65 1CB8 >A>1;82> :>@8A=8< 4;O AB2>@5==O 1V;ьH 

@50;VAB8G=8E B@5=C20;ь=8E =01>@V2 40=8E 4;O A8AB5< 28?@02;5==O B5:AB>28E 

?><8;>:, 4>72>;ONG8 <>45;O< :@0I5 040?BC20B8AO 4> @V7=><0=VB=>ABV ?><8;>:, 

O:V 7CAB@VG0NBьAO C ?@8@>4=8E <>2=8E 40=8E. 

&0:8< G8=>< <8 :@0I5 :>=B@>;Nє<> =0HC <>45;ь 4;O 2=5A5==O ?><8;>: B0 

<>65<> 7@>18B8 @>7?>4V; ?><8;>: 2V4?>2V4=8<, =0?@8:;04, B5AB>2V9 G0AB8=V 

40B0A5BC. %0<5 F5 V @>1;OBь 02B>@8 ?>2B>@NNG8 @>7?>4V; 20;V40FV9=>W G0AB8=8 

W&I+LOCNESS. З35=5@>20=V 40=V >1VFONBь 28:;0AB8 C 2V4:@8B89 4>ABC?. 

�2B>@8 ?@>?>=CNBь =0ABC?=V :@>:8 4;O >B@8<0==O <>45;59 =09:@0I>W 

O:>ABV:  

1. #@5B@5=C20==O <>45;V =0 >B@8<0=><C A8=B5B8G=><C 40B0A5BV @07>< 7 

?><8;:0<8 7 �V:V?54VW 

2. &@5=C20==O =0 40B0A5BV Lang-8 

3. "AB0B>G=5 4>B@5=C20==O =0 :><1V=0FVW FCE B0 W&I+LOCNESS 

&0: <8 @CE0є<>AO 2V4 =091V;ьH 70HC<;5=8E (<5=H O:VA=8E) 465@5; 40=8E 4> 

=091V;ьH O:VA=8E, 0;5 <5=H8E ?> @>7<V@C. 
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1.5 #@>2V4=V ?@0:B8:8 4;O 7040GV A?@>I5==O B5:ABC 

%?@>I5==O B5:ABC 4 ?5@5?8AC20==O B5:ABC B0:8< G8=><, I> 3@0<0B8:0 B0 

AB@C:BC@0 7=0G=> A?@>ICNBьAO, 0 >A=>2=5 7=0G5==O B0 V=D>@<0FVO 70;8H0NBьAO 

=57<V==8<8. !0?@8:;04, 4;O @5G5==O <Both men and women when attending a mosque 

must adhere to these guidelines.= A?@>I5=8< 1C45 <Both men and women when going 

a mosque must follow these rules.= 

� ?>@V2=O==V 7 ?>?5@54=V<8 7040G0<8 465@5; 40=8E 4;O 7040GV A?@>I5==O 

B5:ABC ?><VB=> <5=H5. %5@54 =8E: 

• WikiLarge [28] A:;040єBьAO 7 296 B8AOG ?0@ @5G5=ь (A:;04=8E V 2V4?>2V4=8E 

?@>AB8E), AB2>@5=8E =0?V202B><0B8G=8< G8=>< 7V 7<V= C �V:V?54VW; 

• Newsela [29] <VAB8Bь 1,130 AB0B59 =>28=, ?5@5?8A0=8E 0==>B0B>@0<8 4;O 

4VB59 @V7=8E :;0AV2 7 @V7=8< <@V2=5<= A?@>I5==O. !0;VGCє 95 B8AOG ?0@ @5G5=ь 

B0 є 1V;ьH O:VA=8< C ?>@V2=O==V 7 WikiLarge. 

З3V4=> <5B@8: O:>ABV SARI B0 FKGL, =09:@0I>N A8AB5<>N =0 Aь>3>4=VH=V9 

45=ь є =59@>=0 <5@560 7 @>1>B8 MUSS: Multilingual Unsupervised Sentence 

Simplification [30]. *5 seq2seq <>45;ь 0@EVB5:BC@8 transformer - BART [31]. 

' @>1>BV 7=0G=0 C2030 ?@84V;OєBьAO :>=B@>;ь>20=V9 35=5@0FVW B5:ABC. �;O 

Fь>3> ?V4 G0A =02G0==O =0 2EV4, :@V< >@83V=0;ь=8E (A:;04=8E) @5G5=ь ?>40NBьAO 

B0:>6 A?5FV0;ь=V B>:5=8, O:V 2V4?>2V40NBь ?52=8< 0B@81CB0< A?@>I5==O: 

• NbChars 3 A?V22V4=>H5==O ;VB5@ C >@83V=0;ь=>-<C V A?@>I5=><C @5G5==V. 

�V4?>2V40є 70 @V25=ь <:><?@5AVW= ?5@5?8A0=>3>; 

• LevSim 3 =>@<0;V7>20=0 AE>6VABь �525=HB59=0 <V6 @5G5==O<8 =0 @V2=V ;VB5@. 

&>1B> =0 A:V;ь:8 2V4@V7=OєBьAO ?5@5?8A0=5 @5G5==O 2V4 >@83V=0;ь=>3>; 

• WordRank 28<V@Nє B5, =0 A:V;ь:8 A;>20 7 >B@8<0=>3> @5G5==O є 26820=8<8 C 

?>@V2=O==V 7 2EV4=8<; 

• DepTreeDepth 2V4?>2V40є 3;818=V Dependency tree 4;O @5G5=ь. #>@V2=Nє 

A8=B0:A8G=C A:;04=VABь. 
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�0;V ?V4 G0A 35=5@0FVW B5:ABC ?>40NBьAO FV 4 A?5FV0;ь=V B>:5=8 2 70;56=>ABV 

2V4 B>3>, O:8< <8 E>G5<> 10G8B8 ?5@5?8A0=5 @5G5==O. !0?@8:;04, I>1 >B@8<0B8 

<0:A8<0;ь=> :>@>B:5 @5G5==O <>6=0 ?>40B8 B>:5=, O:89 2V4?>2V40є NbChars = 0.1. 

' @>1>BV Integrating Transformer and Paraphrase Rules for Sentence 

Simplification [32] 02B>@8 =0<030NBьAO 4>40B8 7>2=VH=V 7=0==O 4> =59@>==>W 

<5@568 0@EVB5:BC@8 B@0=AD>@<5@. �65@5;>< C 40=><C 28?04:C 28ABC?0є Paraphrase 

Database for Simplification (PPDB) [33] 4 2V4:@8B0 1070 40=8E 4;O A?@>I5==O 

A;V2/A;>2>A?>;CG5=ь. !0?@8:;04, ?0@0 «:;NG» → «7=0G5==O»: recipient → winner. 

 

 

 <E. 1.6 – �BAFDB?ьB64A4 79A9D4JVO MUSS 

 

#5@H 70 2A5, 28:>@8AB>2CєBьAO A?5FV0;ь=0 DC=:FVO 2B@0B, O:0 7<5=HCє 

9<>2V@=VABь A:;04=8E A;V2 C @5G5==V (B8E, I> ?>B@0?8;8 O: «:;NGV» 4> 1078 40=8E) 

B0 71V;ьHCє 9<>2V@=VABь ?@>AB8E A;V2 (B8E, I> ?>B@0?8;8 O: «7=0G5==O»). 

#>-4@C35, ?@028;0 7 PPDB 2@0E>2CNBьAO =0 :>6=><C :@>FV 35=5@0FVW. 

%?>G0B:C @0ECєBьAO 25:B>@ :>=B5:ABC O: A5@54=є 72065=5 28E>4V2 5=:>45@C, 45 2038 

F5 A:0;O@=89 4>1CB>: 7 ?>B>G=8< ?@8E>20=8< 25:B>@>< 45:>45@C. �0;V F59 25:B>@ 

:>=B5:ABC ?@>E>48BьAO ?> 2AV< ?@54AB02;5==O< ?@028; 7 PPDB 4;O A;>20, O:5 

35=5@CєBьAO =0 ?>B>G=><C :@>FV. #@54AB02;5==O A;V2, 70?@>?>=>20=8<8 ?@028;0<8 

7206CNBьAO V 4>40NBьAO 4> ?>B>G=>3> 28E>4C 5=:>45@C. &0:8< G8=>< =59@>==0 

<5@560 2@0E>2Cє ?@028;0 7 1078 40=8E. 
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-5 >4=VєN 7=0:>2>N @>1>B>N 4;O 7040GV A?@>I5==O B5:ABC є Text 

Simplification by Tagging [34]. ' =V9 02B>@8 28:>@8AB>2CNBь 265 7=09><C =0< 

0@EVB5:BC@C GECToR, 0;5 4;O FVєW 7040GV. 

%0<0 ?> A>1V 02B>@53@5A82=0 <>45;ь ?>:07Cє =54>AB0B=V @57C;ьB0B8, B><C 

02B>@8 =0<030NBьAO 28:>@8AB>2C20B8 @V7=V9 ?@89><8 4;O WW ?>:@0I5==O. 

$>73;O=5<> WE 40;V. 

BackTranslation: 4;O 71V;ьH5==O @>7<V@C B@5=C20;ь=8E 40=8E 2EV4=V @5G5==O 

7 40B0A5BC ?@>30=ONBьAO G5@57 <>45;V <0H8==>3> ?5@5:;04C BC48 =0704. 

!0?@8:;04, A?>G0B:C 7 0=3;V9Aь:>W =0 =V<5Fь:C, 0 40;V =0704 7 =V<5Fь:>W =0 

0=3;V9Aь:C. &0:8< G8=>< >B@8<CєBьAO ?0@0D@07 4;O 2EV4=>3> @5G5==O, O:89 <>6=0 

28:>@8AB0B8 ?@8 B@5=C20==V >A=>2=>W <>45;V. 

Ensemble Generation: =0 >A=>2V ?>B>G=8E =09:@0I8E <>45;59 1C4CєBьAO 

0=A0<1;ь, O:89 35=5@Cє 1V;ьH O:VA=V 40=V, 0;5 7=0G=> ?>2V;ь=VH5. �0;V 0=A0<1;5< 7 

2EV4=8E @5G5=ь B@5=C20;ь=>3> =01>@C 40=8E 35=5@CNBьAO A?@>I5==O. &0:V ?0@8 B56 

28:>@8AB>2CNBьAO ?V4 G0A B@5=C20==O DV=0;ь=>W <>45;V. 

*V :@>:8 4>72>;ON ?><VB=> ?>:@0I8B8 O:VABь <>45;V. (V=0;ь=0 <>45;ь є 

4@C3>N =09:@0I>N =0 ?>B>G=89 <><5=B 73V4=> <5B@8:8 SARI. #@8 Fь><C ?V4VEV4 

45<>=AB@Cє :@0IC H284:VABь C ?>@V2=O==V 7 ?5@H8< <VAF5<. 

 

1.6 #>@V2=O;ь=89 0=0;V7 ?V4E>4V2 4> 7040G 

%;V4 707=0G8B8, I> 28I573040=V 7040GV <0NBь A?V;ь=C @8AC 3 2 CAVE 7040G0E 

?5@5?8AC20==O B5:ABC 2V41C20єBьAO 7V 715@565==O< 7<VABC. &>1B> O:I> <D>@<0= 

7<V=NєBьAO, B> A5=A 70;8H0єBьAO B8< A0<8<. #V4E>48 4> 28@VH5==O 7040G B56 

<0NBь @O4 c?V;ь=8E >7=0:. 

!0A0<?5@54 F5 0@EVB5:BC@0 B@0=AD>@<5@. З <><5=BC WW ?@54AB02;5==O C @>1>BV 

"Attention is all you need" [35], B@0=AD>@<5@8 AB0;8 45-D0:B> AB0=40@B>< 4;O state 

of the art ?V4E>4V2 C >1;0ABV >1@>1:8 ?@8@>4=>W <>28. %CBBє2C @>;ь C Fь><C 7V3@0;> 

B0: 720=5 ?>?5@54=є B@5=C20==O <>45;59 =0 1V;ьH 7030;ь=8E B5:AB>28E 7040G0E. 

З0728G09 4;O B0:8E 7040G =5 ?>B@V1=V @>7<VG5=V 40=V 3 4>AB0B=ь> 25;8:8E <>=> 
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:>@?CAV2 157 0=>B0FV9 4;O B@5=C20==O. !0?@8:;04, C =09?>?C;O@=VH><C 20@V0=BV 

Masked Language Modelling, 15% 28?04:>28E B>:5=V2 <0A:CNBьAO V <>45;V A;V4 

2V43040B8 A?@026=V. 

�@C38< A?V;ь=8< <><5=B>< CAVE ?V4E>4V2 є B5, I> AB2>@NNBьAO 0@EVB5:BC@=V 

>A>1;82>ABV ?V4 :>6=C 7040GC. &0: C 7040GV ?5@5D@07C20==O 4;O 2@0EC20==O 

AB>E0AB8G=>ABV 28E>4C (4;O @5G5==O =5 VA=Cє AB@>3> >4=>3> ?0@0D@07C) 

28:>@8AB>2CєBьAO Latent Bag of Words, O:89 4>?><030є 28?04:>28< G8=>< 281@0B8 

B>:5=8 <091CB=ь>3> @5G5==O B0, 70AB>A>2CNG8 WE, 735=5@C20B8 B5:AB. �;O 

2@0EC20==O B>3> D0:BC, I> @5G5==O ACBBє2> =5 7<V=NєBьAO C 28?@02;5==V 

3@0<0B8G=8E ?><8;>: ?5@5410G0NBьAO 28?@02;5==O 70<VABь 35=5@0FVW 2Aь>3> 

B5:ABC. ' A?@>I5==V B5:ABC 2 <>45;ь 70:;040NBьAO WW 0B@81CB8: =0A:V;ь:8 B5:AB <0є 

1CB8 :>@>BH89, ?@>ABVH89 (7 ;5:A8G=>W B0 A8=B0:A8G=>W B>G:8 7>@C) B0 O: A8;ь=> 

2V4@V7=OB8AO 2V4 2EV4=>3>. 

&@5BO @8A0 3 0@EVB5:BC@0 seq2seq, I> є C=V25@A0;ь=>N =0 Aь>3>4=VH=V9 45=ь. 

#>:@0I5=89 cross-attention 7 0@EVB5:BC@8 B@0=AD>@<5@ 4C65 4>1@5 ?5@540є 

:>=B5:AB >B@8<0=89 7 5=:>45@C C 45:>45@. #@8 Fь><C A;V4 2@0E>2C20B8, I> F5 

?@872>48Bь 4> 02B>@53@5A82=>W 35=5@0FVW, I> C A2>N G5@3C A?>2V;ь=Nє <>45;ь, 0;5 

>4=>G0A=> 40є E>@>HC O:VABь. ' B>9 65 G0A, 10G8<>, I> =502B>@53@5A82=V <>45;V C 

45O:8E 7040G0E 4>AO30NBь ?>@V2=O=> E>@>H8E @57C;ьB0BV2. )0@0:B5@=> F5 4;O 

7040G, 45 2EV4 (C<>20) =5 A8;ь=> 2V4@V7=OєBьAO 2V4 28E>4C (>4=0 <>20, AE>60 

4>268=0 B5:ABC). 

&0:>6 >4=8< 7 =091V;ьH8E 28:;8:V2 2 >1;0ABV ?5@5?8AC20==O B5:ABC є 

715@565==O A5<0=B8G=>W FV;VA=>ABV ?@8 7<V=V D>@<8. �=H8<8 A;>20<8, <>45;ь <0є 

=5 ?@>AB> ?5@5D>@<C;N20B8 B5:AB 01> 28?@028B8 3@0<0B8G=V ?><8;:8, 0;5 V 

7@>18B8 F5 B0:, I>1 >A=>2=89 7<VAB 70;8H82AO =57<V==8<. *5 >A>1;82> 206;82> C 

7040G0E, 45 =5>1EV4=0 28A>:0 B>G=VABь B0 4>2V@0 4> <>45;V, =0?@8:;04, 2 <548G=8E, 

N@848G=8E 01> =0C:>28E B5:AB0E. &CB <>6CBь 70AB>A>2C20B8AO B0:V B5E=V:8, O: 

:>=B@>;ь 735=5@>20=>3> B5:ABC G5@57 <5E0=V7<8 C2038 01> 28:>@8AB0==O 

4>40B:>28E 2EV4=8E 40=8E 4;O <>45;V, O:->B <5B040=V G8 :>=B5:ABC0;ь=0 

V=D>@<0FVO. 
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' B>9 65 G0A 287=0G5==O state-of-the-art <>45;59 G0AB> D>@<CєBьAO =0 107V 

02B><0B8G=8E <5B@8:, O:V =5 283;O40NBь 4C65 =04V9=8<. �A=Cє 1030B> ?8B0=ь 

AB>A>2=> B>3> =0 A:V;ь:8 4>1@5 n-3@0<=V <5B@8:8 4>?><030NBь >FV=8B8 O:VABь 

735=5@>20=>3> ?5@5?8AC20==O, >A>1;82> C 28?04:0E :>;8 7040G0 B0:0, I> 2EV4=89 

B5:AB <0є 1030B> 28?@02;5=8E 25@AV9, O:V <>6CBь 22060B8AO ?@028;ь=8<8. &><C 

20@B> AB028B8AO 4> B0:8E @57C;ьB0BV2 >15@56=>, >A:V;ь:8 <>45;V <>3;8 ?@>AB> 1CB8 

4>1@5 ?V4;0HB>2C20=8<8 A?5FV0;ь=> ?V4 B5AB>2V 40=V. 
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$"���� 2. �$%�&��&'$� !��$"!!�%  �$�� ��/ ����' 

#�%Ь "�"�" �%�%&�!&' 

' 40=V9 @>1>BV 1C;> 28@VH5=> 7>A5@548B8AO =0 0@EVB5:BC@0E 3;81>:>3> 

=02G0==O. �>=8 4>72>;ONBь 28@VHC20B8 :>=:@5B=V 7040GV 7 28A>:>N B>G=VABN B0 є 

=091V;ьH ?>?C;O@=8< V 5D5:B82=8< V=AB@C<5=B>< C 7040G0E NLP =0 Aь>3>4=V. 

&0:>6 ?@89=OB5 @VH5==O 28:>@8AB0==O AB>E0AB8G=>3> 3@04Vє=B=>3> A?CA:C 4;O 

>?B8<V70FVW, I> є AB0=40@B=8< ?V4E>4>< =0 Aь>3>4=V. 

З=0GCIVABь 281>@C 0@EVB5:BC@8 HBCG=>W =59@>==>W <5@56V =5 <>6=0 

=54>>FV=N20B8. �06;82> 707=0G8B8, I> AD5@0 ?@8:;04=>3> 4>A;V465==O 2 NLP 

707=0є 2?;82C @V7=><0=VB=8E 0@EVB5:BC@, 2V4 73>@B:>28E (CNN) B0 @5:C@5=B=8E 

=59@>==8E <5@56 (RNN) 4> B@0=AD>@<5@V2. �>6=0 7 F8E 0@EVB5:BC@ <0є A2>W 

?5@52038 B0 =54>;V:8, I> @>18Bь WE >?B8<0;ь=8<8 4;O @V7=8E AF5=0@VW2 

70AB>AC20==O.  

 �;O 7040GV ?>1C4>28 ?8Aь<>2>3> 0A8AB5=B0 1C;0 28:>@8AB0=> CAV 

7030;ь=>2V4><V B8?8 <5@56. �0;V =02545=> >?8A WE 0@EVB5:BC@ B0 :><?>=5=B, 

=02545=> B5>@5B8G=V 45B0;V. 

 

2.1  5B>48 ?@54AB02;5==O B>:5=V2 4;O =59@>==8E <5@56 

�5:B>@=V ?@54AB02;5==O A;V2, 2V4><V O: word embeddings, 2V4V3@0NBь ACBBє2C 

@>;ь C @>728B:C =59@>==8E <5@56, ?@87=0G5=8E 4;O >1@>1:8 ?@8@>4=>W <>28. *V 

?@54AB02;5==O :>4CNBь A5<0=B8G=C V=D>@<0FVN A;>20 C 283;O4V n-28<V@=>3> 

25:B>@0, 45 Ą 287=0G0є :V;ь:VABь ?0@0<5B@V2 C 25:B>@V. З0AB>AC20==O B0:8E 25:B>@V2 

O: 2EV4=8E 40=8E VAB>B=> ?>:@0ICє 740B=VABь <>45;V @>7C<VB8 :>=B5:AB V A5<0=B8:C 

B5:ABC. 

&@5=C20==O F8E ?@54AB02;5=ь 2V41C20єBьAO 70728G09 C @0<:0E 

=5:>=B@>;ь>20=>3> =02G0==O, =0 >A=>2V >1H8@=8E B5:AB>28E :>@?CAV2. �;O 

287=0G5==O A5<0=B8G=8E 2V4=>A8= <V6 A;>20<8 G0AB> 28:>@8AB>2CєBьAO 0=0;V7 

A?V;ь=8E 7304>: A;V2 (word co-occurrences). *5 <0є 7=0G5==O, 0465 270є<>4VO A;V2 C 

B5:ABV E0@0:B5@87CєBьAO =5;V=V9=VABN B0 7<V=NєBьAO 2 70;56=>ABV 2V4 :>=B5:ABC. 
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&0:8< G8=><, 25:B>@=V ?@>AB>@8, 45 @>7<VI5=V FV ?@54AB02;5==O, 70728G09 є 

1030B>28<V@=8<8 B0 A:;04=8<8. 

Word embeddings B0:>6 =040NBь <>6;82VABь <>45;O< 02B><0B8G=> 

287=0G0B8 A8=>=V<8, 0=B>=V<8, 0 B0:>6 @V7=><0=VB=V 72'O7:8 <V6 A;>20<8 V D@070<8. 

�E 70AB>AC20==O =5 >1<56CєBьAO ;8H5 7040G0<8 :;0A8DV:0FVW B5:ABC, 0;5 9 2:;NG0є 

1V;ьH A:;04=V AF5=0@VW, B0:V O: <0H8==89 ?5@5:;04, 35=5@0FVO B5:ABC B0 0=0;V7 

5<>FV9=>3> 7010@2;5==O. 

�06;82> 707=0G8B8, I> VA=Cє ?52=0 =5AB01V;ь=VABь F8E 25:B>@=8E ?@>AB>@V2. 

%;>20 7 @V7=8<8 A5<0=B8G=8<8 E0@0:B5@8AB8:0<8 <>6CBь 7=0E>48B8AO ?>@CG C F8E 

?@>AB>@0E, I> V=:>;8 2545 4> =5?5@5410GC20=8E @57C;ьB0BV2 ?V4 G0A B@5=C20==O B0 

70AB>AC20==O <>45;59. &><C 710;0=A>20=89 ?V4EV4 4> 281>@C ?0@0<5B@V2 V 

<5B>4>;>3VW B@5=C20==O є :;NG>28< 4;O 4>AO3=5==O 28A>:>W B>G=>ABV 2 7040G0E 

>1@>1:8 <>28. 

*V ?@54AB02;5==O <>6CBь A;C3C20B8 DC=40<5=B>< 4;O @>7@>1:8 A:;04=VH8E 

<5E0=V7<V2 C <>45;OE =59@>==8E <5@56, O:V 2@0E>2CNBь ?>@O4>: A;V2, AB@C:BC@=V 

270є<>72'O7:8 <V6 @5G5==O<8 B0 V=HV 0A?5:B8 <>28, I> 206:> 28@078B8 G5@57 

V7>;ь>20=V A;>20. )>G0 Aь>3>4=V ?>?5@54=ь> =0B@5=>20=V <>45;V AB0NBь 2A5 1V;ьH 

?>?C;O@=V, word embeddings 70;8H0NBьAO 206;82>N G0AB8=>N A8AB5< >1@>1:8 

?@8@>4=>W <>28. 

 

2.1.1 #@54AB02;5==O Word2Vec 

 >45;ь Word2Vec [36], @>7@>1;5=0 :><0=4>N 4>A;V4=8:V2 Google ?V4 

:5@V2=8FB2>< &><0A0  V:>;>20 C 2013 @>FV, H284:> AB0;0 AB0=40@B=8< 

V=AB@C<5=B>< 4;O ?@54AB02;5==O A;V2 C 1030Bь>E 4>A;V465==OE, ?>2'O70=8E 7 

>1@>1:>N B5:ABC. *O <>45;ь 28:>@8AB>2Cє 25:B>@=5 ?@54AB02;5==O A;V2 V <0є 

1030B> A?V;ь=>3> 7 <>45;;N NNLM (Neural Network Language Model), >A>1;82> 7 WW 

20@V0=B>< CBOW (Continuous Bag-of-Words Model). "A=>2=0 2V4<V==VABь CBOW 2V4 

NNLM ?>;O30є 2 2V4ACB=>ABV =5;V=V9=8E ?@8E>20=8E 203 V 28:>@8AB0==V є48=>3> 

H0@C ?@>5:BC20==O 4;O 2AVE A;V2, 45 25:B>@8 A;>20 CA5@54=NNBьAO, I>1 7<5=H8B8 
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2?;82 ?>A;V4>2=>ABV A;V2 =0 @57C;ьB0B8. &0:0 0@EVB5:BC@0 70157?5GCє 28:>@8AB0==O 

V=D>@<0FVW ?@> A;>20, O:V <>6CBь 7CAB@VG0B8AO 2 :>=B5:ABV 7 40=8< A;>2><. 

�=H0 7=0GCI0 <>45;ь, 28:>@8AB>2C20=0 C B@5=C20==V 5<1548=3V2, - F5 

Continuous Skip-gram Model. )>G0 2>=0 <0є AE>6>ABV 7 CBOW, WW :;NG>20 

2V4<V==VABь ?>;O30є 2 B><C, I> 70<VABь ?@>3=>7C20==O ?>B>G=>3> A;>20 =0 >A=>2V 

:>=B5:ABC, 2>=0 ?@03=5 <0:A8<V7C20B8 9<>2V@=>ABV A;V2, O:V 7CAB@VG0NBьAO 2 

=02:>;8H=ь><C :>=B5:ABV. Continuous Skip-gram Model 28:>@8AB>2Cє ?>B>G=5 

A;>2> O: 2EV4=V 40=V 4;O ;>3-;V=V9=>3> :;0A8DV:0B>@0 7 =5?5@5@2=8< H0@>< ?@>5:FVW 

B0 =0<030єBьAO ?@>3=>7C20B8 A;>20, @>7B0H>20=V ?5@54 V ?VA;O ?>B>G=>3> A;>20. 

 

 

 <E. 2.1 – !I9@4F<KA9 CD98EF46?9AAO 2-I CV8IB8V6 Word2Vec 

 

  >45;ь Word2Vec, 74V9A=NNG8 B@5=C20==O, 28:>@8AB>2Cє <5B>48 

Vє@0@EVG=>3> softmax B0/01> =530B82=>3> A5<?;V=3C. *5 74V9A=NєBьAO 7 <5B>N 

0?@>:A8<0FVW C<>2=>W 9<>2V@=>ABV, O:C <>45;ь ?@03=5 <0:A8<V7C20B8. �є@0@EVG=89 

softmax 2?@>2046Cє 45@52> )0DD<0=0 4;O 5D5:B82=>3> 7<5=H5==O 

>1G8A;N20;ь=8E 28B@0B. � :>=B@0ABV, <5B>4 =530B82=>3> A5<?;V=3C ?V4E>48Bь 4> 

7040GV <0:A8<V70FVW 9<>2V@=>ABV O: 4> 7040GV <V=V<V70FVW 9<>2V@=>ABV 281>@C 
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=5:>@5:B=8E ?0@ A;V2. �2B>@8 <>45;V 707=0G0NBь, I> Vє@0@EVG=89 softmax 

5D5:B82=VH89 4;O @V4:VA=8E A;V2, B>4V O: =530B82=89 A5<?;V=3 ?>:07Cє :@0IV 

@57C;ьB0B8 4;O G0AB8E A;V2 V 25:B>@V2 7 <5=H>N :V;ь:VABN 28<V@V2. #@>B5, 7V 

7@>AB0==O< :V;ь:>ABV 5?>E B@5=C20==O, ?5@52038 Vє@0@EVG=>3> softmax 

7<5=HCNBьAO. 

&@5=C20==O <>45;V =0 25;8:8E B5:AB>28E :>@?CA0E 7 =5:>@5:B=8<8 A;>20<8 

<>65 ?@8725AB8 4> A8BC0FVW, 45 A;>20 7 >@D>3@0DVG=8<8 ?><8;:0<8 AB0NBь 

1;87ь:8<8 4> ?@028;ь=8E A;V2 C 25:B>@=><C ?@>AB>@V. "B65, 2 45O:8E 28?04:0E, 

<>6;82> V3=>@C20B8 A;>20 7 ?><8;:0<8 ?@8 0=0;V7V B5:ABC. 

 

 

 <E. 2.2 – �V;G4?V;4JVO 4A4?B7VW E?V6 G Word2Vec 

 

�=0;>3VO A;V2 <>65 1CB8 ?@>AB> >?8A0=0 70 4>?><>3>N ;V=V9=>W 0;351@8 - 

=5E09 ?>B@V1=> ?V4V1@0B8 0=0;>3VN 4> A;V2 ăÿĄ →  čąăÿĄ →  āÿĄą. #>7=0G8<> 
=52V4><5 A;>2> O: č. &>4V A;>2> č, B0:5 I> ČāÿĄą 2 ČĀ 1C45 <0B8 B0:C 6 A0<C 

2V4AB0=ь I> 9 ČăÿĄ 2 ČĀąăÿĄ, B>1B> 1C45 28:>=C20B8Aь =0ABC?=5: ||ČăÿĄ 2 ČĀąăÿĄ  + ČāÿĄą 2 ČĀ||  ≈  0. 
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2.1.2  5B>4 ?@54AB02;5=ь GloVe 

!0ABC?=8< 2V4><8< ?@54AB02;5==O< A;V2 є Global Vectors (GloVe) [37]. 

%B0B8AB8:0 ?> A;>20< 2 :>@?CAV 4;O B@5=C20==O є 3>;>2=8< 465@5;>< =0O2=>W 

V=D>@<0FVW 4;O 2AVE <5B>4V2 25:B>@=8E ?@54AB02;5=ь A;V2, 2V4<V==8< є ;8H B5, O:8< 

G8=>< 28:>@8AB>2CєBьAO FO V=D>@<0FVO 9 O: ?@54AB02;ONBьAO A;>20 2 :>6=><C 7 

<5B>4V2 25:B>@=>3> ?@54AB02;5==O A;V2. 

#>7=0G8<> Č O: <0B@8FN AB0B8AB8:8 2E>465=ь A;>2>-A;>2> 2 :>@?CAV, B>1B> ČÿĀ  3 F5 G8A;>, O:5 E0@0:B5@87Cє :V;ь:VABь 2E>465==O A;>20 Ā 2 :>=B5:ABV A;>20 ÿ.  
#>7=0G8<> Čÿ = ∑ Čÿāā  - G8A;> 2E>465=ь 1C4ь O:>3> A;>20 2 :>=B5:ABV 7V A;>2>< ÿ.  
!5E09  

 

9<>2V@=VABь B>3>, I> A;>2> Ā 7CAB@VG0єBьAO 2 :>=B5:ABV A;>20 ÿ. 
 З0 ?>G0B:>2C B>G:C 4;O =02G0==O <>45;V 15@5BьAO DC=:FVO  

 

45 č ∈ ĆĂ   3 25:B>@8 A;V2, 0 č ∈� ĆĂ  3 >:@5<5 :>=B5:AB=5 A;>2>. "A:V;ь:8 ?@>ABV@ 

25:B>@V2, 70 ?>1C4>2>N, F5 ;V=V9=V AB@C:BC@8, B> =091V;ьH ?@8@>4=V< A?>A>1>< 

:>4C20==O V=D>@<0FVW Ąÿā B0 ĄĀā 1C45 WE 25:B>@=0 @V7=8FO. "B65, ?>?5@54=є @V2=O==O 

<>6=0 ?5@5?8A0B8: 

 

!0ABC?=5 I> <>6=0 ?><VB8B8 3 čÿ 2 čĀ є 25:B>@><, 0 čā A:0;O@=>N 

25;8G8=>N. "A:V;ь:8 F <>65 1CB8 A:;04=>N DC=:FVєN (=0?@8:;04 =59@>==>N 

<5@565N), B> :@0I5 28:>@8AB>2C20B8 A:0;O@=89 4>1CB>:: 

 

B0:8< G8=><, DC=:FVO F =5 1C45 7<V=N20B8 @>7<V@ 25:B>@C =51060=8<8 

A?>A>10<8. &>4V 2 <0B@8FV 2E>465=ь A;>2>-A;>2> <>6=0 704020B8 @V7=8FN <V6 
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A;>2>< V :>=B5:AB=8< A;>2><. �;O B>3> I>1 :>=A8AB5=B=> >=>28B8 A;>2> =5 

4>AB0B=ь> 7<V=8B8 č ↔ č� , ?>B@V1=> I5 9 >=>2;N20B8 Č ↔ ČĄ. "A:V;ь:8 ?>?5@54=є 
@V2=O==O =5 є V=20@V0=B=8< 4> ?>4V1=8E 7<V=, B> ?>B@V1=> 7040B8 >1<565==O =0 

DC=:FVN F - =5>1EV4=> 4>B@8<C20B8AO 3><><>@DV7<C <V6 3@C?0<8 (Ć, +) B0 (Ć>0,×), B>1B> =5>1EV4=>, I>1 28:>=C20;>Aь: 
 

>B65, <0є<>  

 

$>72'O7:>< @V2=O==O 1C45 Ă = ăĎĆ, B>1B>: 
 

"A:V;ь:8 Ăąą(Čÿ) =5 70;568Bь 2V4 ā, B> 9>3> <>6=0 ?>7=0G8B8 O: Āÿ  3 

7<VI5==O 4;O čÿ. �>402H8 7<VI5==O bw 4;O wk <>6=0 2V4=>28B8 A8<5B@VN 
@V2=O==O: 

 

 "AB0==є @V2=O==O є A8;ь=8< A:>@>G5==O< ?5@H>3> @V2=O==O 7 ?52=8<8 

C<>20<8 3 :>;8 0@3C<5=B ;>30@8D<C 71V30єBьAO 4> 0, B> A0< ;>30@8D< ?>G8=0є 

@>7E>48B8Aь. ->1 28@VH8B8 FN ?@>1;5<C <>6=0 28:>@8AB0B8 7AC2 ;>30@8D<C  3 

70<VABь Ăąą(Čÿā) 28:>@8AB0B8 Ăąą(1 + Čÿā). &0:8< G8=><, 1C45 715@565=> 
@>7@V465=VABь X, C=8:0NG8 @>71V6=>ABV 2 ;>30@8D<V. 

 "A>1;82VABN GloVe є B5, I> 02B>@8 @>72'O7CNBь @V2=O==O O: 7040GC 

=09<5=H8E :204@0BV2, 4>402H8 DC=:FVN 7206C20==O Ą(ČÿĀ) 4> DC=:FVW 2B@0B. "B65, 

<0є<> <>45;ь  

 

45 V 3 @>7<V@ A;>2=8:0. 

 (C=:FVO 7206C20==O <0є 704>2>;ь=OB8 =0ABC?=8< 2;0AB82>ABO<: 
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1. Ą(0) = 0. /:I> @>73;O40B8 DC=:FVN Ą O: =5?5@5@2=C DC=:FVN, B> ?>B@V1=> 

I>1 2>=0 71V30;0Aь ?@8 Ď → 0 B0:, I>1 ;V<VB limā→0 Ą(ā)log2 ā  1C2 71V6=8<. 
2. Ą(Ď) <0є 1CB8 =5 A?04=>N 4;O =525;8:8E 7=0G5=ь Ď. 

3. Ą(Ď) <0є 1CB8 4>AB0B=ь> <0;5=ь:>N 4;O 4>AB0B=ь> 25;8:8E 7=0G5=ь Ď. 

 З@>7C<V;>, I> 1030B> DC=:FV9 704>2>;ь=ONBь ?>4V1=8< C<>20<, ?@>B5 VA=Cє 

>48= 4>2>;V 7@CG=89 :;0A ?0@0<5B@87>20=8E DC=:FV9: 

 

/:VABь <>45;V A;01> 70;568Bь 2V4 2V4AVG5==O, I> 28:>@8AB>2CєBьAO C D>@<C;V. 

� >@83V=0;ь=V9 AB0BBV 28:>@8AB>2CєBьAO Ďăÿā = 100, 0 B0:>6, 707=0G5=>, I> :>;8 � = 3/4 <>45;ь ?>:07Cє A515 :@0I5, =V6 ?@8 � = 1. 

 

2.1.3 �5:B>@=V ?@54AB02;5==O FastText 

FastText [38] <0є :;NG>2C 2V4<V==VABь 2V4 Word2Vec: 2>=0 2@0E>2Cє 

AB0B8AB8:C A;V2 ?V4 G0A B@5=C20==O <>45;V. 

$>73;O=5<> A;>2=8: 7 @>7<V@>< ċ, 2 O:><C :>6=><C A;>2C 2V4?>2V40є ?52=89 
V=45:A (č ∈ 1,2, & , ċ). "A=>2=>N <5B>N <>45;V є =02G0==O 25:B>@=>3> 

?@54AB02;5==O 4;O :>6=>3> A;>20 č. (C=40<5=B0;ь=0 V45O, O:0 A?>=C:0;0 4> 
AB2>@5==O FastText, 107CєBьAO =0 3V?>B57V ?@> @>7?>4V; A;V2: @5?@575=B0FVO A;V2 

?>28==0 5D5:B82=> ?@>3=>7C20B8 BV A;>20, O:V 7CAB@VG0NBьAO 2 :>=B5:ABV. 

(>@<0;ь=VH5, FO :>=F5?FVO 28@060єBьAO G5@57 <0:A8<V70FVN ;>30@8D<C 

?@024>?>4V1=>ABV =0 >A=>2V 25;8:>3> :>@?CAC ?>A;V4>2=>AB59 A;V2 č1, & , čĄ 

<0:A8<V7C20B8 ;>30@8D< ?@024>?>4V1=>ABV: 

 

45 :>=B5:AB ÿĊ 3 <=>68=0 V=45:AV2 A;V2, O:V 7CAB@VG0NBьAO 7V A;>2>< čĊ. 
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 !5E09 є DC=:FVO >FV=:8 ĉ, O:0 є 2V4>1@065==O< ?0@8 A;>2>-:>=B5:AB 2 Ć. 

"4=8< 7 =09?>?C;O@=VH8E A?>A>1V2 7040==O 9<>2V@=>ABV A;>20 є A>DB<0:A 

DC=:FVO:  

 

0;5 A>DB<0:A DC=:FVO ?@0FNє 4>1@5, :>;8 ?>B@V1=> 287=0G8B8 4;O A;>20 čĊ 

9<>2V@=VABь =0ABC?=>3> A;>20 čā 7 :>=B5:ABC. 

 �;O B>3> I>1 <0B8 <>6;82VABь ?@>3=>7C20B8 45:V;ь:0 A;V2, 28E>4OG8 7 

:>=B5:ABC, 02B>@8 FastText @>72'O7CNBь 45:V;ь:0 =570;56=8E 7040G 1V=0@=>W 

:;0A8DV:0FVW. �>;>2=>N <5B>N є ?@>3=>7C20==O =0O2=>ABV 01> 2V4ACB=>ABV 

:>=B5:AB=8E A;V2. �;O A;>20 7 ?>78FVєN Ċ 2AV A;>20, I> 7CAB@VG0NBьAO 7 =8< @07>< 

?><VG0NBьAO O: ?>78B82=V 70?8A8, 0 4>2V;ь=V A;>20 7V A;>2=8:C, O:V =5 7CAB@VG0NBьAO 

7 =8< 2 :>=B5:ABV 3 =530B82=V 70?8A8. �0;V, 4;O >1@0=>W :>=B5:AB=>W ?>78FVW ā, 

28:>@8AB>2CNG8 1V=0@=C ;>3VAB8G=C DC=:FVN 2B@0B, D>@<C;0 =530B82=>W ;>3-

?@024>?>4V1=>ABV <0є 283;O4: 

 

45 ĂĊ,ā 3 <=>68=0 =530B82=8E 70?8AV2, O:V 4>2V;ь=8< G8=>< >18@0NBьAO 7V A;>20@O. 

/:I> ?>7=0G8B8 ;>3VAB8G=C DC=:FVN 2B@0B O: 

 

B> <>6=0 ?5@5?8A0B8 FV;ь>2C DC=:FVN =0ABC?=8< G8=>< 

 

З0?@>?>=>20=0 <>45;ь є =5 I> V=H5 O: SkipGram - <>45;ь 7 =530B82=8< A5<?;V=3><. 

 �V4<V==VABN FastText 2V4 V=H8E <>45;59 5<1548=3V2 є <>45;ь ?V4A;V2. 

�8:>@8AB>2CNG8 >:@5<5 25:B>@=5 ?@54AB02;5==O 4;O :>6=>3> A;>20 <>45;ь 

SkipGram V3=>@Cє 2=CB@VH=N AB@C:BC@C A;V2. �;O B>3> I>1 28?@028B8 F5, <>45;ь 

?V4A;V2, 4;O :>6=>3> A;>20 č, 28:>@8AB>2Cє 9>3> ?@54AB02;5==O O: "<VH>:" n-3@0<, 
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I> ?>1C4>20=> =0 ;VB5@0E A;>20. �;O ?>7=0G5==O ?>G0B:C 9 :V=FO A;V2 

28:>@8AB>2CNBьAO A?5FV0;ь=V A8<2>;8: <,>. &>1B>, 4;O A;>20 where 9>3> 

?@54AB02;5==O, O: ?>A;V4>2=VABь B@83@0<, 1C45: <wh, whe, her, ere, re>, 2:;NG=> 

2:;NG=> 7V A?5FV0;ь=>N ?>A;V4>2=VABN <where>. 

 �0@B> 707=0G8B8, I> 5;5<5=B ?>A;V4>2=>ABV her =5 є 5:2V20;5=B=8< 4> A;>20 

<her>. З0728G09 =0 ?@0:B8FV 28:>@8AB>2CNBь n-3@0<8 A;V2 2 4V0?07>=V 2V4 3 4> 6. 

 !5E09 є A;>2=8: n-3@0< @>7<V@C ă V =5E09 4;O A;>20 č <0є<> ăĀ ⊂ {1, & , ă} 

3 <=>68=C n-3@0<. !5E09 25:B>@ Đą :>4Cє ?@54AB02;5==O n-3@0<8 ą, B>4V :>6=5 
A;>2> 1C45 ?@5AB02;OB8Aь O: AC<0 9>3> 25:B>@=8E ?@54AB02;5=ь n-3@0<. &>4V 

A:>@8=3 DC=:FVO ?@89<0є 283;O4: 

 

 

2.2 $5:C@5=B=V =59@>==V <5@56V 

�N4Aь:89 @>7C<, =5 2B@0G0NG8 :>=B5:ABC <8A;5==O, 702648 ?0<’OB0є 

?>?5@54=V ?>4VW B0 4VW. %0<5 F59 ?@8=F8? ;568Bь 2 >A=>2V @5:C@5=B=8E =59@>==8E 

<5@56 (RNN). �V4<V==>N >A>1;82VABN RNN 2V4 B@048FV9=8E ?>2=>72’O7=8E 

=59@>==8E <5@56 є 740B=VABь 715@V30B8 V=D>@<0FVN ?@> ?>?5@54=V AB0=8, B>1B> 2 

:>6=89 <><5=B G0AC VA=Cє 72'O7>: 7 ?>?5@54=V<8 AB0=0<8, I> AE5<0B8G=> 

?@54AB02;5=> =0 @8AC=:C 2.3. 

 

 <E. 2.3 – !I9@4F<KA9 ;B5D4:9AAO D9>GD9AFABW A9=DBAABW @9D9:V 
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%0<5 7 7040G0<8, 2 O:8E ?>B@V1=> ?@0FN20B8 7 ?>A;V4>2=>ABO<8 30@=> 

A?@02;ONBьAO @5:C@5=B=V =59@>==V <5@56V 3 0:C<C;NNBь V=D>@<0FVN, VB5@CNG8Aь 

?> G0AC. 

 &CB ĎĊ 2EV4=V 40=V, O:V 70;560Bь 2V4 G0AC Ċ, 0 /Ċ 3 F5 AB0= A8AB5<8 2 40=89 

<><5=B G0AC. *8:;, 7>1@065=89 =0 @8AC=:C 2.3, 7>1@06Cє ?5@540GC V=D>@<0FVW 4> 

=0ABC?=>3> :@>:C =59@>==>W <5@56V. 

�0=89 F8:; <>6=0 @>73>@=CB8 4;O B>3> I>1 7@>7C<VB8, I> 2V41C20єBьAO 

2A5@548=V. �;NAB@0FVO B>3> O: ?5@540NBьAO 40=V 7>1@065=0 =0 @8AC=:C 2.4. 

 

 <E. 2.4 – < B;7BDAGF4= D9>GD9AFA4 A9=DBAA4 @9D9:4 

 

 +5@57 ?@>AB>BC 9 3=CG:VABь ?>4V1=>3> @VH5==O @5:C@5=B=V =59@>==V <5@56V 

28:>@8AB>2CNBь 2 1030Bь>E 7040G0E 3 @>7?V7=020==O B0 <>45;N20==O ?@8@>4=>W 

<>28, ?5@5:;04 B5:ABC, 35=5@0FVO 72C:C 7 B5:ABC, A?>AB5@565==O 70 40BG8:0<8 B>I>. 

�>=F5?BC0;ь=>, 728G09=V @5:C@5=B=V =59@>==V <5@56V <0NBь =54>;V: - 

?@>1;5<C 4>23>AB@>:>28E 70;56=>AB59. �;O ?52=8E 7040G F5 <>65 1CB8 :@8B8G=8<. 

�;O ?@8:;04C, =5E09 є 7040G0 @>7?V7=020B8 A;>20 7 ?>B>:C 72C:V2, ?@>B5 2 ?52=89 

<><5=B G0AC ?>27 <V:@>D>= ?@>E>4OBь V=HV ;N48 9 AB2>@NNBь HC<, @>7<>2;ONG8 

?@> I>Aь A2>є, 0 F5 >7=0G0є I> 2 ?52=V <><5=B8 G0AC 2V41C20B8<5BьAO 71C@5==O 

40BG8:C 9 >A:V;ь:8 A;>20 O:V 40BG8: <>65 ?>GCB8 2 HC<V 1C4CBь 157 :>=B5:ABC, B> 

F5 1C45 ?@872>48B8 4> ?>3V@H5==O @57C;ьB0BV2. �=H8< ?@8:;04>< A;C3Cє 7040G0 

<0H8==>3> ?5@5:;04C 3 2 ?52=8E <>20E, 2 >4=5 @5G5==O <>65 ?5@54020B8 45:V;ь:0 

>:@5<8E ACB=>AB59. З28G09=>  ;>3VG=VH5 1C;> 1 @>74V;8B8 FV ACB=>ABV =0 >:@5<V 

@5G5==O 9 B@5=C20B8 <>45;ь, ?5@5:;040NG8 WE >:@5<>, ?@>B5, 4;O 28?04:C B0:8E 
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4>238E @5G5=ь, <>45;ь 0:C<C;N20B8<5 V=D>@<0FVN 7V 2AVE ACB=>AB59 2 >4=C 

"C7030;ь=5=C" ACB=VABь, O:0, 2>G5284ь, 1C45 =5 7>2AV< :>@5:B=>N. 

�;O 28@VH5==O ?@>1;5<8 4>23>AB@>:>28E 70;56=>AB59, 206;82> 

7>A5@546C20B8AO =0 @5;520=B=V9 V=D>@<0FVW B0 2@0E>2C20B8 A2V6V 40=V. З28G09=V 

RNN ?@8 >1@>1FV 4>238E ?>A;V4>2=>AB59 AE8;ь=V 4> "@>7<820==O" :>=B5:ABC. 

 >48DV:0FVW RNN, B0:V O: LSTM (Long Short-Term Memory) B0 GRU (Gated 

Recurrent Unit), @>72'O7CNBь FN ?@>1;5<C. 

�2>=0?@02;5=V @5:C@5=B=V =59@>==V <5@56V (BiRNN) [39] A:;040NBьAO 7 42>E 

=570;56=8E RNN, O:V >1'є4=0=V 2 >4=C AB@C:BC@C. �>=8 >1@>1;ONBь 2EV4=C 

?>A;V4>2=VABь >4=>G0A=> 2 ?@O<><C B0 72>@>B=><C ?>@O4:0E G0AC. $57C;ьB0B8 

@>1>B8 >1>E <5@56 2 :>6=89 <><5=B G0AC 70728G09 :>=:0B5=CNBьAO, E>G0 VA=CNBь 

V 0;ьB5@=0B82=V ?V4E>48 >1@>1:8 F8E 40=8E. 

 

 <E. 2.5 – !I9@4F<KA9 ;B5D4:9AAO 86BA4CD46?9ABW RNN 

 

2.2.1 �@EVB5:BC@0 4>23>W :>@>B:>G0A=>W ?0<'OBV 

!59@>==V <5@56V Long Short-Term Memory (LSTM) [40], ?@54AB02;5=V 

Hochreiter & Schmidhuber C 1997 @>FV, є 20@V0FVєN @5:C@5=B=8E =59@>==8E <5@56, 

A?@>5:B>20=8E 4;O 282G5==O 4>23>B@820;8E 70;56=>AB59. )>G0 F59 B8? <5@56 1C2 

@>7@>1;5=89 I5 C 1990-E @>:0E, WE=O H8@>:0 ?>?C;O@=VABь =0AB0;0 2 2010-E, 

?0@0;5;ь=> 7 @>AB>< >1G8A;N20;ь=8E <>6;82>AB59, V 7 B>3> G0AC 2>=8 7=09H;8 

70AB>AC20==O 2 1030Bь>E AD5@0E. 
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 "A>1;82VABь LSTM ?>;O30є C A?5FV0;V7>20=V9 0@EVB5:BC@V, O:0 4>72>;Oє 

C=8:=CB8 ?@>1;5<8 7 4>23>B@820;8<8 70;56=>ABO<8. З024O:8 A2>W9 :>=AB@C:FVW, FV 

<5@56V <0NBь 740B=VABь 715@V30B8 V=D>@<0FVN =0 B@820;V ?5@V>48 G0AC 70 

70<>2GC20==O<, 0 =5 O: @57C;ьB0B 282G5==O. 

 /: V AB0=40@B=V @5:C@5=B=V =59@>==V <5@56V, LSTM >1@>1;Oє 40=V VB5@0B82=>, 

?@>B5 <0є 2V4<V==89 <5E0=V7< 270є<>4VW. �>=8 <VABOBь A?5FV0;ь=V AB@C:BC@8, 2V4><V 

O: "2>@>B0", O:V @53C;NNBь ?>BV: V=D>@<0FVW 2 <5@56V. *V "2>@>B0" 4>72>;ONBь 

<5@56V 281V@:>2> "70?0<'OB>2C20B8" 01> "701C20B8" V=D>@<0FVN, I> є :;NG>28< 

4;O WE=ь>W 5D5:B82=>ABV C 28@VH5==V A:;04=8E 70240=ь, B0:8E O: >1@>1:0 <>28, 

?@>3=>7C20==O G0A>28E @O4V2 B0 V=H8E 7040G, 45 ?>B@V1=> C?@02;V==O 

4>23>B@820;>N ?0<'OBBN. 

 

 <E. 2.6 – !I9@4F<KA9 ;B5D4:9AAO 86BA4CD46?9ABW LSTM 

 

 %?>G0B:C 2 LSTM =59@>==V9 <5@56V 28@VHCєBьAO O:0 V=D>@<0FVO 1C45 

2V4AVO=>N – F5 @>18BьAO 70 4>?><>3>N A83<>W4 DC=:FVW 7 28:>@8AB0==O< 

?>?5@54=ь>3> AB0=C :;VB8=8 /Ċ21. 

 

 !0ABC?=8< :@>:>< є 28@VH5==O O:C V=D>@<0FVN ?>B@V1=> 70?8A0B8 4> AB0=C 

:;VB8=8. �0=89 :@>: A:;040єBьAO 7 42>E G0AB8=: 

• 70 4>?><>3>N A83<>W4 DC=:FVW 287=0G0NBьAO O:V 2038 ?>B@51CNBь >=>2;5==O; 



58 

 

• 70 4>?><>3>N DC=:FVW tanh >1@0E>2CєBьAO 25:B>@ ":0=4840BV2" O:V <>6CBь 

1CB8 4>40=8<8 4> AB0=C :;VB8=8. 

 

 
#VA;O Fь>3> ?>B@V1=> >1G8A;8B8 =>289 AB0= :;VB8=8 ÿĊ, 7 C@0EC20==O< 

?>?5@54=ь>3> AB0=C ÿĊ21. 

 

&5?5@ ?>B@V1=> 287=0G8B8 O:C V=D>@<0FVN ?>B@V1=> ?5@540B8 2 =0ABC?=89 

AB0=. *O V=D>@<0FVO 1C45 107C20B8Aь =0 2V4DV;ьB@>20=V9 V=D>@<0FVW AB0=C :;VB8=8. 

 

 

 !02545=V 28I5 D>@<C;8 >?8ACNBь @>1>BC 728G09=>W LSTM =59@>==>W 

<5@56V, ?@>B5 2 =5W VA=CNBь <>48DV:0FVW, =0 @8AC=:C 7 7>1@065=0 >4=0 7 =8E. 

 

 

  <E. 2.7 – "4> ;64A4 Peephole LSTM 

 

2.2.2 �@EVB5:BC@0 25=B8;ь=>3> @5:C@5=B=>3> 2C7;0 

 �5=B8;ь=89 @5:C@5=B=>3> 2C7>;0 (0=3;. Gated Recurrent Unit, GRU) [41] 3 F5 

=>25 ?>:>;V==O @5:C@5=B=8E =59@>==8E <5@56, O:5 70 A2>єN AB@C:BC@>N 4C65 

AE>65 =0 LSTM. GRU ?>71C;0AO AB0=C :;VB8=8 9 =0B><VABь 28:>@8AB>2Cє 

?@8E>20=89 AB0= 4;O ?5@540GV V=D>@<0FVW. "A>1;82VABь GRU ?>;O30є 2 B><C, I> 

2>=0 <0є BV;ь:8 420 H0@8 DV;ьB@0FVW V=D>@<0FVW 3 H0@ A:840==O V H0@ >=>2;5==O. 
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 <E. 2.8 – !I9@4F<KA9 ;B5D4:9AAO GRU 

 

�AV >1@0EC=:8 ?>G8=0NBьAO 7 H0@C >=>2;5==O: 

 

,0@ >=>2;5==O ?@0FNє <0965 B0: A0<> O: H0@ 701C20==O B0 2EV4=89 H0@ 2 LSTM 

3  28@VHCє O:C V=D>@<0FVN ?>B@V1=> ?>71CB8Aь 9 O:C V=D>@<0FVN ?>B@V1=> 

70;8H8B8. �0@B> 707=0G8B8 I> GRU 4>72>;Oє 7=878B8 9<>2V@=VABь 70BCE0==O 

3@04Vє=BV2. 

,0@ A:840==O 28:>@8AB>2CєBьAO 4;O B>3> I>1 287=0G8B8 O:C ?>?5@54=N 

V=D>@<0FVW ?>B@V1=> ?>71CB8AO. "1G8A;NєBьAO 2V= O:: 

 

�;O >=>2;5==O ?>B>G=>3> AB0=C :;VB8=8 28:>@8AB>2CєBьAO V=D>@<0FVO 7 H0@C 

A:840==O: 

 

 !0ABC?=5 I> ?>B@V1=> 7@>18B8 3 ?>@0EC20B8 ?0<'OBь :;VB8=8 2 ?>B>G=89 

<><5=B G0AC: 

 

 !5A:;04=> ?><VB8B8 B5, I> :V;ь:VABь >1@0EC=:V2, I> 2V41C20NBьAO 2 GRU, 

<5=H0 =V6 2 LSTM, 0 F5, 2 A2>N G5@3C, 2?;820є =0 H284:VABь B@5=C20==O. /: 265 

1C;> 707=0G5=> 28I5, GRU ?>7102;5=0 ?@>1;5<8 70BCE0==O 3@04Vє=BV2, >A:V;ь:8 

<>45;ь 715@V30є 2V4?>2V4=C V=D>@<0FVN V ?5@540є WW 2 =0ABC?=89 :@>:. 
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2.3 1D 73>@B:>2V =59@>==V <5@56V 

З3>@B:>2V =59@>==V <5@56V (0=3;. Convolutional Neural Networks, CNN) 

702>N20;8 ?>?C;O@=VABь 2 30;C7V :><?'NB5@=>3> 7>@C 7024O:8 WE=V9 5D5:B82=>ABV 2 

@>7?V7=020==V >1@07V2. "4=0: WE <>6;82>ABV =5 >1<56CNBьAO ;8H5 F8<, V 2>=8 

0:B82=> 28:>@8AB>2CNBьAO 4;O >1@>1:8 B5:AB>28E 40=8E. #@8 @>1>BV 7 B5:AB>28<8 

40=8<8 CNN 28:>@8AB>2CNBь >4=>28<V@=V 73>@B:8 4;O 287=0G5==O :>@8A=8E 

?@87=0:V2. "4=VєN 7 :;NG>28E >A>1;82>AB59 73>@B:>28E <5@56 є WE=VO 740B=VABь 

02B><0B8G=> 28O2;OB8 206;82V ;>:0;ь=V ?@87=0:8 2 40=8E 7024O:8 >?5@0FVW 73>@B:8. 

*5 4>72>;Oє AB2>@N20B8 1V;ьH :><?0:B=V B0 28@07=V ?@54AB02;5==O B5:AB>28E 

40=8E. 

� >A=>2V CNN ;560Bь B0:V ?>=OBBO, O: 73>@B:0 B0 ?C;V=3. З3>@B:0 4>72>;Oє 

284>1CB8 ;>:0;ь=V ?@87=0:8 7 2EV4=8E 40=8E. #@8 >1@>1FV B5:ABC DV;ьB@8 <>6CBь 

1CB8 =0;0HB>20=V =0 28O2;5==O >:@5<8E A;V2, n-3@0< 01> =02VBь A8=B0:A8G=8E 

:>=AB@C:FV9. #C;V=3 28:>@8AB>2CєBьAO 4;O 7<5=H5==O @>7<V@C 40=8E B0 281>@C 

=09206;82VH8E ?@87=0:V2. 

1D 73>@B:8 G0AB> 28:>@8AB>2CNBьAO 4;O >1@>1:8 >4=>28<V@=8E 

?>A;V4>2=>AB59, B0:8E O: B5:AB. ' :>=B5:ABV B5:ABC, >4=>28<V@=0 73>@B:0 70728G09 

?@87=0G5=0 4;O 28O2;5==O ?0B5@=V2 2 ?>A;V4>2=>ABOE A;V2 01> A8<2>;V2. �;O 

A?@>I5==O, ?@8?CAB8<>, I> C =0A є 25:B>@ Ď 4>268=8 Ă, O:89 ?@54AB02;Oє 2EV4=C 
?>A;V4>2=VABь, V DV;ьB@ (O4@> 73>@B:8) č 4>268=8 ā. 

"?5@0FVO 1D 73>@B:8 287=0G0єBьAO =0ABC?=8< G8=><: 

ď[Ċ] = ∑ Ď[Ċ 2 ă] ∙ č[ă]ý21
ă=0  

45 ď[Ċ] 3 F5 28EV4=89 25:B>@, Ċ ?@>1V30є 7=0G5==O 2V4 ā 2 1 4> Ă 2 1. 

 �0@B> 70C2068B8, I> @>7<V@ 28EV4=>3> 25:B>@0 1C45 Ă 2 ā + 1, O:I> =5 
28:>@8AB>2C20B8 4>?>2=5==O =C;O<8 (zero-padding). �>?>2=5==O =C;O<8 <>65 

1CB8 28:>@8AB0=5 4;O B>3>, I>1 715@53B8 @>7<V@ 28EV4=>3> 25:B>@0 B0:8< 65, O: V 

2EV4=89. ' Fь><C 28?04:C, >?5@0FVO 73>@B:8 7 4>?>2=5==O< =C;O<8 283;O40є B0:: 
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 ď[Ċ] = ∑ Ď[Ċ 2 ă + ā 2 12 ] ∙ č[ă]ý21
ă=0  

45 Ċ ?@>1V30є 7=0G5==O 2V4 0 4> Ă 2 1. 

 

 <E. 2.9 –  B5BF4 1D ;7BDF>B6BW @9D9:V 8?O F9>EFG 

 

#VA;O >?5@0FVW 73>@B:8, G0AB> 70AB>A>2CNBьAO 0:B820FV9=V DC=:FVW, B0:V O: 

ReLU (Rectified Linear Unit), 4;O 4>4020==O =5;V=V9=>ABV 4> <>45;V. #C;V=3>2V 

>?5@0FVW B0:>6 <>6CBь 1CB8 28:>@8AB0=V ?VA;O 73>@B:8 4;O 7<5=H5==O @>7<V@=>ABV 

28EV4=>3> 25:B>@C, 715@V30NG8 ?@8 Fь><C =091V;ьH 206;82V ?@87=0:8. 

1D 73>@B:>2V <5@56V <>6CBь 1CB8 4C65 5D5:B82=8<8 2 7040G0E, ?>2'O70=8E 7 

B5:AB><, O: 20H0 48A5@B0FV9=0 @>1>B0, 70157?5GCNG8 H284:89 B0 5D5:B82=89 

<5B>4 28O2;5==O ;>:0;ь=8E AB@C:BC@ V 70;56=>AB59 C 25;8:8E B5:AB>28E 40B0A5B0E. 

#>-?5@H5, 206;82> ?V4:@5A;8B8, I> 1D 73>@B:8 є >A>1;82> :>@8A=8<8 4;O 

>1@>1:8 ?>A;V4>2=>AB59 7 20@V015;ь=>N 4>268=>N. �>=8 4>72>;ONBь <>45;V 

D>:CAC20B8AO =0 ;>:0;ь=8E 70;56=>ABOE, 7<5=HCNG8 ?>B@51C 2 3;>10;ь=8E 

@5:C@5=B=8E 72'O7:0E, O:V <>6CBь 1CB8 28B@0B=8<8 7 B>G:8 7>@C >1G8A;5=ь. 

&0:>6 20@B> 707=0G8B8, I> 73>@B:>2V <5@56V 70728G09 ;53H5 V=B5@?@5BC20B8, 

=V6 @5:C@5=B=V <5@56V. З024O:8 7>A5@5465=>ABV =0 ;>:0;ь=8E ?0B5@=0E, <>6=0 

2V7C0;V7C20B8, O:V A0<5 G0AB8=8 2EV4=>W ?>A;V4>2=>ABV 0:B82CNBь ?52=V =59@>=8. *5 

<>65 1CB8 :>@8A=> =5 BV;ь:8 4;O 7@>7C<V==O, O: ?@0FNє <>45;ь, 0;5 V 4;O 28O2;5==O 

?>B5=FV9=8E A;01:8E <VAFь G8 =54>;V:V2 2 40=8E. 
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�>40B:>2>, 73>@B:>2V <5@56V G0AB> 28O2;ONBьAO <5=H AE8;ь=8<8 4> 

?5@5=02G0==O, >A>1;82> :>;8 28:>@8AB>2CNBьAO <5B>48 @53C;O@870FVW, B0:V O: 

dropout G8 weight decay. *5 @>18Bь WE 2V4<V==8< 281>@>< 4;O 7040G, 45 4>ABC?=89 

>1<565=89 =01V@ 40=8E. 

!5 <5=H 206;828< є B>9 D0:B, I> 73>@B:>2V <5@56V ;53:> <0AHB01CNBьAO. 

�>=8 <>6CBь 1CB8 ?@>5:B>20=V B0:, I>1 ?@0FN20B8 7 ?>A;V4>2=>ABO<8 @V7=>W 

4>268=8 157 7<V=8 0@EVB5:BC@8, I> є 25;8:>N ?5@5203>N 2 7040G0E, 45 4>268=0 

2EV4=8E 40=8E <>65 ACBBє2> 20@VN20B8AO. 

�@V< B>3>, :><1V=0FVO 73>@B:>28E B0 @5:C@5=B=8E A;>W2 B0:>6 <>65 ?@8=5AB8 

:>@8ABь. З3>@B:>2V H0@8 <>6CBь 2V4?>2V40B8 70 28O2;5==O ;>:0;ь=8E ?0B5@=V2, B>4V 

O: @5:C@5=B=V H0@8 <>6CBь 1CB8 28:>@8AB0=V 4;O 715@V30==O V=D>@<0FVW ?@> 

3;>10;ь=89 :>=B5:AB. *5 AB2>@Nє 3V1@84=C <>45;ь, O:0 <>65 5D5:B82=> >1@>1;OB8 

25;8:5 @>7<0WBBO 7040G >1@>1:8 B5:ABC. 

 

 <E. 2.10 – АDIVF9>FGD4 CB6AVEFN ;7BDF>B6B7B 9>BA89D-89>B89DG 
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' @>1>BV Convolutional Sequence to Sequence Learning [42] @>18BьAO 206;8289 

2=5A>: C @>7C<V==O B>3>, O: 73>@B:>2V <5@56V <>6CBь 1CB8 040?B>20=V 4;O 7040G =0 

?>A;V4>2=>ABOE. � >A=>2V FVєW @>1>B8 ;568Bь :>=F5?FVO 70<V=8 @5:C@5=B=8E <5@56 

=0 5B0?V 5=:>45@0 V 45:>45@0 73>@B:>28<8 <5@560<8. З0 4>?><>3>N <5E0=V7<C 

C2038 B0 A?5FV0;V7>20=8E 73>@B:>28E H0@V2, FO <>45;ь =5 BV;ь:8 ?V4B@8<Cє 4>23C 

?0<'OBь, O: F5 @>1;OBь RNN, 0;5 9 4>72>;Oє ?0@0;5;V70FVN >1G8A;5=ь, I> 206;82> 

4;O H284:>W >1@>1:8 25;8:8E >1'є<V2 B5:ABC. 

*O <>45;ь 5:>45@-45:>45@ ?>:070;0, I> 73>@B:>2V <5@56V <>6CBь 1CB8 =5 

;8H5 5D5:B82=8<8, 0;5 V :>=:C@5=B=8<8 70 H284:VABN B0 O:VABN @>1>B8, ?>@V2=O=> 

7 @5:C@5=B=8<8 <5@560<8. �>=0 2V4:@8;0 425@V 4;O 28:>@8AB0==O 73>@B:>28E 

<5@56 2 @O4V V=H8E 7040G 35=5@0FVO B5:ABC 2:;NG=> 7 C<>2=>N. 

З3>@B:>2V <5@56V B0:>6 2V4><V A2>єN 5D5:B82=VABN 7 B>G:8 7>@C >1G8A;5=ь, 

>A>1;82> ?@8 28:>@8AB0==V ACG0A=8E 3@0DVG=8E ?@>F5A>@V2. *5 <>65 1CB8 4C65 

206;828<, :>;8 <>20 945 ?@> >1@>1:C 25;8:8E >1'є<V2 B5:ABC 2 @50;ь=><C G0AV. 

' ?V4AC<:C, 73>@B:>2V =59@>==V <5@56V ?@54AB02;ONBь A>1>N ?>BC6=89 

V=AB@C<5=B 4;O >1@>1:8 B5:AB>28E 40=8E. �>=8 =5 BV;ь:8 4>72>;ONBь 02B><0B8G=> 

V 5D5:B82=> 28O2;OB8 ;>:0;ь=V ?@87=0:8 2 B5:ABV, 0;5 V 70157?5GCNBь 28A>:C 

H284:VABь V 3=CG:VABь, I> @>18Bь WE 2V4<V==8< 281>@>< 4;O @V7=><0=VB=8E 7040G, 

2V4 <0H8==>3> ?5@5:;04C 4> :>@5:FVW B0 35=5@0FVW B5:ABC. 

 

2.4 �@EVB5:BC@0 B@0=AD>@<5@ 

 �@EVB5:BC@0 B@0=AD>@<5@0, O:0 :>@8ABCєBьAO 25;8:>N ?>?C;O@=VABN 2 

>1@>1FV ?@8@>4=>W <>28, є C=V:0;ь=>N 7024O:8 A2>є<C ?>2=><C 7>A5@5465==N =0 

<5E0=V7<V C2038. �V4<>282H8Aь 2V4 B@048FV9=8E @5:C@5=B=8E B0 73>@B:>28E 

?V4E>4V2, B@0=AD>@<5@ 5D5:B82=> 28:>@8AB>2Cє F59 <5E0=V7< 4;O 28O2;5==O 

A:;04=8E 270є<>72'O7:V2 C B5:ABV, 7=0G=> ?V428ICNG8 O:VABь >1@>1:8 <>2=8E 40=8E.  
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2.4.1  5E0=V7< C2038 

 5E0=V7< C2038 (attention) [43] 15@5 A2V9 ?>G0B>: 2V4 <5E0=V7<V2 ;N4Aь:>W 

C2038, O:V 4>72>;ONBь =0< D>:CAC20B8AO =0 ?52=8E 0A?5:B0E 2V7C0;ь=8E 7>1@065=ь 

01> :>@5;N20B8 A;>20 C <>2V. �N4Aь:0 7>@>20 C2030 4>72>;Oє =0< 7>A5@548B8AO =0 

?52=><C A53<5=BV >1@07C 7 28A>:>N @>74V;ь=>N 740B=VABN, 2 B>9 G0A O: =02:>;8H=V 

@53V>=8 A?@89<0NBьAO 2 =87ь:V9 @>74V;ь=V9 740B=>ABV. !0?@8:;04, :>;8 <8 

4828<>AO =0 E2VAB B20@8=8, O: 7>1@065=> =0 @8AC=:C 2.11, <8 <>65<> 2A5 I5 

A?@89<0B8 =02:>;8H=V9 :>=B5:AB, 0;5 7 <5=H>N 45B0;V70FVєN.  

 

 <E. 2.11 – #6474 ;7BDF>B6<I A9=DBAA<I @9D9: CD< >?4E<HV>4JVW 6<8V6 CF4LB> 

 

*59 ?@8=F8? <>6=0 70AB>AC20B8 4> >1@>1:8 <>28. !0?@8:;04, 10G0G8 A;>2> 

"eating", <8 V=BCWB82=> >GV:Cє<> =0 =0O2=VABь >1'є:B0, O:89 A?>6820єBьAO, V =0H5 

@>7C<V==O @5G5==O 1C45 7>A5@5465=5 =0 ?>HC:C Fь>3> >1'є:B0.  5E0=V7< C2038 2 

=59@>==8E <5@560E <>45;Nє FN ?>254V=:C, 4>72>;ONG8 <>45;V 7>A5@546C20B8 

«C203C» =0 @5;520=B=8E G0AB8=0E 2EV4=8E 40=8E, I> ?>:@0ICє >1@>1:C V @>7C<V==O 

:>=B5:ABC, >A>1;82> 2 7040G0E >1@>1:8 ?@8@>4=>W <>28 B0 :><?'NB5@=>3> 7>@C.  
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 <E. 2.12 – �D<>?48 6<>BD<EF4AAO attention 6 D9K9AAV 

 

 !5 >1<56CNG8 7030;ь=>ABV <5E0=V7< attention, C 3;81>:><C =02G0==V, <>6=0 

V=B5@?@5BC20B8 O: 25:B>@ 206;82>ABV. �;O B>3>, I>1 ?5@5410G8B8 01> 2825AB8 >48= 

5;5<5=B, B0:89 O: ?V:A5;ь C 7>1@065==V G8 A;>2> 2 @5G5==V, <8 >FV=Nє<>, 

28:>@8AB>2CNG8 attention 25:B>@, O: A8;ь=> 5;5<5=B A?V22V4=>A8BьAO 7 V=H8<8 

5;5<5=B0<8. З>:@5<0, 15@5<> AC<C 7=0G5=ь 5;5<5=BV2, 72065=8E attention 25:B>@><, 

O: 0?@>:A8<0FVN. 

  >45;ь seq2seq [44] =0@>48;0AO 2 >1;0ABV <>45;N20==O <>28. � H8@>:><C 

A5=AV 2>=0 A?@O<>20=0 =0 ?5@5B2>@5==O 2EV4=>W ?>A;V4>2=>ABV (465@5;0) =0 =>2C 

(FV;ь>2C) (>1842V ?>A;V4>2=>ABV <>6CBь <0B8 4>2V;ь=C 4>268=C). #@8:;048 

28:>@8AB0==O 40=>3> ?5@5B2>@5==O 2:;NG0NBь 2 A515 <0H8==5 ?5@5:;040==O <V6 

@V7=8<8 <>20<8 2 B5:AB>289 01> 0C4V> D>@<0B8, ?V4B@8<0==O 4V0;>3C 70?8B0==O-

2V4?>2V4ь 01> @>71V@ @5G5=ь C 3@0<0B8G=8E 45@520E. 

  >45;ь seq2seq 70728G09 <0є 0@EVB5:BC@C encoder-decoder, O:0 A:;040єBьAO 7 

=0ABC?=8E G0AB8=: 

• �=:>45@ >1@>1;Oє 2EV4=C ?>A;V4>2=VABь V AB8A:0є V=D>@<0FVN C 25:B>@ 

:>=B5:ABC (B0:>6 2V4><89 O: 2:;040==O @5G5==O 01> 25:B>@ «4C<:8») 

DV:A>20=>W 4>268=8. �2060єBьAO, I> F5 ?@54AB02;5==O 1C45 30@=8< 

AC<C20==O< 7<VABC 2AVєW 28EV4=>W ?>A;V4>2=>ABV. 

• �5:>45@ V=VFV0;V7CєBьAO 25:B>@>< :>=B5:ABC, I>1 284020B8 ?5@5B2>@5=89 

28A=>2>:. � @0==VE @>1>B0E 28:>@8AB>2C202AO BV;ь:8 >AB0==V9 AB0= <5@56V 

5=:>45@0 O: ?>G0B:>289 AB0= 45:>45@0 (@8AC=>: 11). 
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 <E. 2.13 – !I9@4F<KA9 ;B5D4:9AAO @B89?V encoder-decoder 8?O C9D9>?48G ; 

4A7?V=Eь>BW @B6< A4 ><F4=Eь>G 

 

 "A:V;ь:8 5=:>45@ B0 45:>45@ є @5:C@5=B=8<8 =59@>==8<8 <5@560<8, B> 

70728G09 28:>@8AB>2CNBь LSTM 01> GRU. 

 "A=>2=8< B0 2V4><8< =54>;V:>< 48709=C =59@>==8E <5@56 7 28:>@8AB0==O< 

:>=B5:AB=>3> 25:B>@0 DV:A>20=>W 4>268=8 є WE >1<565=0 740B=VABь 70?0<'OB>2C20B8 

4>23V @5G5==O. &0:V <>45;V G0AB> 701C20NBь ?>G0B:>2V G0AB8=8 V=D>@<0FVW ?VA;O 

>1@>1:8 2Aь>3> 2EV4=>3> B5:ABC, >A>1;82> 2 :>=B5:ABV <0H8==>3> ?5@5:;04C. %0<5 

FO ?@>1;5<0 V A?>=C:0;0 4> @>7@>1:8 <5E0=V7<C C2038 (attention). 

   5E0=V7< C2038 1C2 A?@>5:B>20=89, I>1 ?>;V?H8B8 740B=VABь <>45;59 

70?0<'OB>2C20B8 4>23V ?>A;V4>2=>ABV ?@8 ?5@5:;04V. !0 2V4<V=C 2V4 ?V4E>4C, O:89 

28:>@8AB>2Cє >48= :>=B5:AB=89 25:B>@, 735=5@>20=89 7 >AB0==ь>3> ?@8E>20=>3> 

AB0=C 5=:>45@0, <5E0=V7< C2038 AB2>@Nє 72'O7:8 <V6 25:B>@>< :>=B5:ABC B0 :>6=8< 

5;5<5=B>< 2EV4=>W ?>A;V4>2=>ABV. �06;82VABь :>6=>3> 7 F8E 72'O7:V2 287=0G0єBьAO 

V=482V4C0;ь=> 4;O :>6=>3> 5;5<5=B0 2EV4=>W ?>A;V4>2=>ABV, 7024O:8 G><C <>45;ь 

<>65 "7>A5@548B8AO" =0 1V;ьH @5;520=B=8E G0AB8=0E B5:ABC. 

 *O <>6;82VABь 28:>@8AB0==O 2AVєW 2EV4=>W ?>A;V4>2=>ABV 2 :>=B5:AB=><C 

25:B>@V 7<5=HCє @878: 701C20==O 206;82>W V=D>@<0FVW =0 ?>G0B:C B5:ABC. &0:8< 

G8=><, <5E0=V7< C2038 5D5:B82=> ?V4B@8<Cє 72'O7>: <V6 ?>G0B:>2>N B0 FV;ь>2>N 

?>A;V4>2=>ABO<8, ?>;V?HCNG8 740B=VABь <>45;V 4> B>G=>3> ?5@5:;04C B0 

715@565==O :>=B5:ABC. #> ACBV, 25:B>@ :>=B5:ABC 28:>@8AB>2Cє B@8 G0AB8=8 

V=D>@<0FVW: 
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• ?@8E>20=V AB0=8 5=:>45@C; 

• ?@8E>20=V AB0=8 45:>45@C; 

• ?>?5@54=V9 25:B>@ :>=B5:ABC. 

&0:8< G8=><, <>45;ь =0<030єBьAO 281@0B8 2V4?>2V4=V B>:5=8 C 2EV4=><C 

@5G5==V, 2@0E>2CNG8 2AN 4>ABC?=C V=D>@<0FVN =0 40=89 <><5=B G0AC: ?@8E>20=V 

25:B>@=V ?@54AB02;5==O 2EV4=8E B>:5=V2; B>:5=8, O:V 1C;8 265 ?5@5410G5=V B0 

:>=B5:AB. 

 

 <E. 2.14 – А8<F<6A<= @9I4AV;@ attention 

 

 !5E09 є 2EV4=0 ?>A;V4>2=VABь Ď 4>268=8 Ą 9 28EV4=0 ?>A;V4>2=VABь ď 4>268=8 ă: Ď = [Ď1, Ď2, & , ĎĄ], ď = [ď1, ď2, & , ďă]. !5E09 5=:>45@ – F5 42>=0?@02;5=0 LSTM 

=59@>==0 <5@560 7 ?@O<8< ?@8E>20=8< AB0=>< /ÿĄ B0 >15@=5=8< ?@8E>20=8< 

AB0=>< /ÿĀ. #@>AB0 :>=:0B5=0FVO F8E >1>E AB0=V2 25:B>@V2 є AB0=>< 5=:>45@C. 
 >B820FVO ?>;O30є 2 B><C, I>1 2:;NG8B8 O: ?>?5@54=V B0: V =0ABC?=V A;>20 2 

0=>B0FVN >4=>3> A;>20. /ÿ = [/ÿĄ Ą  ;  /ÿĀ Ą  ]Ą, ÿ = 1, . . . , Ą 

 !59@>==0 <5@560 45:>45@C <0є ?@8E>20=89 AB0= ĉĊ = Ą(ĉĊ21, ďĊ21, āĊ) 4;O 
2EV4=>3> A;>20, O:89 <0є V=45:A Ċ = 1, . . . , ă, 45 25:B>@ :>=B5:ABC āĊ  – AC<0 

?@8E>20=8E AB0=V2 2EV4=>W ?>A;V4>2=>ABV 72065=0 <5E0=V7<>< attention: 
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  >45;ь 72’O7:V2 ?@8A2>Nє Ċ, ÿ ?0@V 2EV4=8E 7=0G5=ь =0 ?>78FVW ÿ B0 28EV4=>3> 
7=0G5==O =0 ?>78FVW Ċ (ďĊ , Ďÿ), 107CNG8Aь =0 V=D>@<0FVW ?@> B5, O: 2>=8 @07>< 
A?V22V4=>AOBьAO.  =>68=0 {t, i} є 2030<8 C2038, I> 287=0G0NBь A:V;ь:8 :>6=>3> 

2EV4=>3> ?@8E>20=>3> AB0=C A;V4 2@0E>2C20B8 4;O :>6=>3> 28EV4=>3> 7=0G5==O. 

�038 28@V2=N20==O  ?V418@0NBьAO =59@>==>N <5@565N ?@O<>3> ?>H8@5==O 7 

є48=8< ?@8E>20=8< H0@>< (B>1B> 728G09=>N ;V=V9=>N <>45;;N) V FO <5@560 

=02G0єBьAO @07>< 7 V=H8<8 G0AB8=0<8 <>45;V. &0:8< G8=><, :>@8ABCNG8Aь 

=5;V=V9=>N DC=:FVєN 0:B820FVW tanh, DC=:FVN >FV=:8 <>6=0 70?8A0B8 2 =0ABC?=V9 

D>@<V: 

 

45 >18420 Č� B0 ċ� є 203>28<8 <0B@8FO<8, O:V A;V4 B@5=C20B8 2 <>45;V 72'O7:V2. 

 0B@8FO @57C;ьB0BV2 28@V2=N20==O (@8A. 2.15) є 30@=8< ?>1VG=8< ?@>4C:B><, 

O:89 O2=> ?>:07Cє :>@5;OFVN <V6 2EV4=8<8 B0 FV;ь>28<8 A;>20<8. &0:8< G8=><, 

<8 <>65<> 7@>7C<VB8 =0 O:V A;>20 >@83V=0;ь=>W (source) <>28 4828BьAO <>45;ь ?@8 

=0?8A0==V ?52=8E A;V2 <>2>N ?5@5:;04C (target). 

 

 <E. 2.15 –  4FD<JO @9I4AV;@G attention 8?O C9D9>?48G ; HD4AJG;ь>BW A4 4A7?V=Eь>G 
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� @57C;ьB0BV 4>A;V465=ь 1C;> ?>:070=>, I> 7024O:8 <5E0=V7<C attention 

<>45;V 7V 71V;ьH5==O< 4>268=8 @5G5=ь 715@V30NBь A2>N O:VABь ?5@5:;04C O: 

7>1@065=> =0 @8AC=:C 2.16. &0:8< G8=><, ?@>1;5<0 >1<565=>3> 25:B>@=>3> 

?@54AB02;5==O C <0H8==><C ?5@5:;04V 1C;0 ?>4>;0=0 7024O:8 <5E0=V7<C attention. 

 

 <E. 2.16 – З4?9:AVEFь O>BEFV C9D9>?48G @B89?9= 6V8 8B6:<A< D9K9AAO G @B89?9= 

; 6<>BD<EF4AAO@ @9I4AV;@G attention (RNNsearch) F4 59; (RNNenc) 

 

2.4.2 Attention is all you need 

�@EVB5:BC@0 B@0=AD>@<5@0, O:0 1C;0 70?@>?>=>20=0 C @52>;NFV9=V9 @>1>BV 

"Attention is all you need" [35], :0@48=0;ь=> 7<V=8;0 ?V4E>48 C AD5@V >1@>1:8 

?@8@>4=>W <>28 (NLP), 2=>AOG8 2 =5W V==>20FVW, O:V ?V428I8;8 5D5:B82=VABь B0 

B>G=VABь <>45;59. �V4<>20 2V4 B@048FV9=>W @5:C@5=B=>W AB@C:BC@8 =0 :>@8ABь 

<5E0=V7<C <C;ьB83>;>2>W C2038 (multi-head dot-product attention) є :;NG>2>N 

>A>1;82VABN FVєW 0@EVB5:BC@8. 

*59 =>20B>@Aь:89 ?V4EV4 70A=>20=89 =0 ?@8=F8?V dot-product self-attention, 

I> 4>72>;Oє <>45;V >4=>G0A=> >1@>1;OB8 @V7=V G0AB8=8 2EV4=>3> B5:ABC, 

7>A5@546CNG8Aь =0 206;828E A;>20E B0 D@070E 157 70;56=>ABV 2V4 WE=ь>3> 

?>;>65==O C @5G5==V. ' Fь><C :>=B5:ABV, <5E0=V7< C2038 4Vє O: DC=:FVO, I> 

>1@>1;Oє З0?8B8 (Queries) B0 ?0@8 �;NGV2 (Keys) 3 З=0G5=ь (Values), 45 2AV FV 

5;5<5=B8 є 25:B>@0<8. �8EV4 <5E0=V7<C C2038 @>7@0E>2CєBьAO O: 72065=0 AC<0 



70 

 

З=0G5=ь, 45 2038 287=0G0NBьAO G5@57 DC=:FVN AC<VA=>ABV <V6 З0?8B>< V 

2V4?>2V4=8< �;NG5<. 

 5E0=V7< <C;ьB83>;>2>W (multi-head) C2038 є @>7H8@5==O< Fь>3> ?@8=F8?C, 

45 2EV4=0 ?>A;V4>2=VABь >4=>G0A=> >1@>1;OєBьAO 45:V;ь:><0 "3>;>20<8" C2038, 

:>6=0 7 O:8E 740B=0 7>A5@546C20B8AO =0 @V7=8E 0A?5:B0E V=D>@<0FVW. *5 4>72>;Oє 

<>45;V :@0I5 @>7C<VB8 A:;04=V 270є<>72'O7:8 2 B5:ABV, >A:V;ь:8 :>6=0 3>;>20 <>65 

A?@89<0B8 @V7=V A5<0=B8G=V 2;0AB82>ABV 01> 2V4=>A8=8 <V6 A;>20<8. 

!5E09 @>7<V@=VABь �;NGV2 B0 З0?8BV2 3 Ăā, 0 @>7<V@=VABь З=0G5=ь 3 Ăÿ. &>4V 
DC=:FVO AC<VA=>ABV >1G8A;NєBьAO O: 28EV4 DC=:FVW softmax 2V4 A:0;O@=>3> 4>1CB>: 

З0?8BC V �;NG0 ?>4V;5=>3> =0 :>@V=ь :204@0B=89 7 Ăā. 

 

 <E. 2.17 – !I9@4F<KA9 CB9F4CA9 ;B5D4:9AAO dot-product attention 

 

!0 ?@0:B8FV <8 <>65<> @0EC20B8 DC=:FVN Attention 4;O 2Aь>3> =01>@C 

З0?8BV2, <70?0:>20=8E= C <0B@8FN ą >4=>G0A=>. � B>9 65 G0A <8 <>65<> 

<C?0:C20B8= �;NGV B0 З=0G5==O C <0B@8FV K B0 V 2V4?>2V4=>. &>4V @57C;ьB0B @>1>B8 

dot-product attention @0ECєBьAO =0ABC?=8< G8=><: 

 

' ?V4E>4V multi-head dot-product attention 02B>@8 70<VABь B>3>, I>1 @0EC20B8 

DC=:FVN C2038 2V4 З0?8BV2, �;NGV2, З=0G5=ь 7 @>7<V@=>ABO<8 ĂăąĂăĂ, ?@>?>=CNBь 
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?@>5:BC20B8 З0?8B8, �;NGV, З=0G5==O / @07V2 @V7=8<8 ;V=V9=8<8 H0@0<8, O:V 

282G0NBьAO ?V4 G0A =02G0==O, 4> @>7<V@=>AB59 Ăā, Ăā B0 Ăÿ 2V4?>2V4=>. �;O :>6=>W 

B0:>W ?@>5:FVW 1C45<> @0EC20B8 dot-product attention ?0@0;5;ь=>. &>4V =0 28E>4V <8 

>B@8<0є<> / 25:B>@V2 @>7<V@=VABN Ăÿ. �0;V FV 25:B>@8 :>=:0B5=CNBьAO V 
?@>5:BCNBьAO 7=>2C 4> @>7<V@=>ABV dmodel: 

 

45 <0B@8FV ?@>5:FV9 ċÿ, ċÿā
 , ċÿ�, ċÿý <0NBь @>7<V@=>ABV  (/ ∙ Ăÿ , ĂăąĂăĂ), (ĂăąĂăĂ , Ăā), (ĂăąĂăĂ , Ăā), (ĂăąĂăĂ , Ăÿ) 2V4?>2V4=>. 

!0 ?@0:B8FV 28:>@8AB>2CNBь ?0@0;5;ь=> / = 8 attention H0@V2 (3>;V2) 9 4;O 

:>6=>3> 7 =8E  Ăā = Ăÿ =  Ăþ�ýþý/ = 64. 

 

 <E. 2.18 – !I9@4F<KA9 ;B5D4:9AAO 5?B>G Transformer 

 

' transformer 0@EVB5:BC@V multi-head dot-product self-attention 

28:>@8AB>2CєBьAO C 3 @V7=V A?>A>18: 

1. ' encoder-decoder attention H0@0E З0?8B8 ?@8E>4OBь 7 ?>?5@54=VE H0@V2 

45:>45@C, 2 B>9 G0A O: �;NGV 9 З=0G5==O 15@CBьAO 7 >AB0==ь>3> H0@C 

5=:>45@C. *5 4>72>;Oє :>6=V9 ?>78FVW 2 45:>45@V 2@0E>2C20B8 :>6=C ?>78FVN 
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5=:>45@C. *5 V<VBCє B8?>289 <5E0=V7<8 C2038 encoder-decoder C <>45;OE B8?C 

seq2seq, O:89 <8 @>73;O40;8 C ?>?5@54=ь><C @>74V;V. 

2. �=:>45@ <VAB8Bь self-attention H0@8. ' self-attention CAV З0?8B8, �;NGV B0 

З=0G5==O ?@8E>4OBь 7 >4=>3> <VAFO, C Fь><C 28?04:C 7 ?>?5@54=VE H0@V2 

5=:>45@C. �>6=0 ?>78FVO 5:>45@0 2@0E>2Cє 2AV ?>78FVW 5:>45@C ?>?5@54=ь>3> 

H0@C. 

3. %E>68< G8=>< H0@8 self-attention C 45:>45@V 4>72>;ONBь 2AV< ?>78FVO< 

?>B>G=>3> H0@C 2@0E>2C20B8 2AV ?>78FVW ?>?5@54=ь>3> H0@C 4> ?>B>G=>W 

?>78FVW 2:;NG=>. *5 @>18BьAO 4;O 715@565==O 02B>@53@5A82=>ABV (=0 

:>6=><C :@>FV <>45;ь 2@0E>2Cє BV;ь:8 ?>?5@54=V ?>78FVW 3 B>:5=8) 7024O:8 

<0A:C20==N C2038 =0ABC?=8E ?>78FV9 (287=0G5==O< WE O: >).  

 

 

 <E. 2.19 – �B6A9 ;B5D4:9AAO 4DIVF9>FGD< Transformer 

 



73 

 

!0 4>40GC 4> H0@V2 C2038 C 0@EVB5:BC@V transformer :>65= H0@ C 5=:>45@V B0 

45:>45@V B0:>6 <VAB8Bь ?>2=>72’O7=C =59@>==C <5@56C. �>=0 70AB>A>2CєBьAO 4> 

:>6=>W ?>78FVW >:@5<> V ?0@0;5;ь=> B0 A:;040єBьAO 7 42>E ;V=V9=89 H0@V2 7 

DC=:FVєN 0:B820FVW ReLU <V6 =8<8: 

 

�V=V9=V ?5@5B2>@5==O є >4=0:>28<8 4;O 2AVE ?>78FV9, 0;5 2 B>9 65 G0A @V7=V 

4;O @V7=8E H0@V2. &0:>6 F59 H0@ <>6=0 >?8A0B8 O: 73>@B:C 7 @>7<V@>< O4@0 1. 

$>7<V@=VABь 2E>4C V 28E>4C <5@56V >4=0:>20 3 ĂăąĂăĂ = 512, 2 B>9 G0A O: 
?@><V6=89 H0@ 25:B>@ <0є @>7<V@=VABь ĂĄĄ = 2048. 

"A:V;ь:8 <>45;ь =5 <VAB8Bь =V @5:C@5=B=>ABV, =V 73>@B>:, B><C 4;O B>3>, I>1 

@>7C<VB8 ?>@O4>: ?>A;V4>2=>ABV, ?>B@V1=> ?5@540B8 V=D>@<0FVN ?@> 2V4=>A=V B0 

01A>;NB=V ?>78FVW B>:5=V2 2 @5G5==V. �;O Fь>3> 4> 2EV4=8E ?@54AB02;5=ь B>:5=V2 

4>40NBьAO ?@54AB02;5==O ?>78FV9 (Positional Encoding) =0 2E>4V C 5=:>45@ B0 

45:>45@. #@54AB02;5==O ?>78FV9 <0NBь B0:C 6 @>7<V@=VABь, O: V ?@54AB02;5==O 

B>:5=V2 ĂăąĂăĂ 4;O B>3>, I>1 WE <>6=0 1C;> ?>5;5<5=B=> 4>40B8. 
� 40=V9 @>1>BV 4;O ?@54AB02;5==ь ?>78FV9 28:>@8AB>2CNBьAO O: A8=CA=V, B0: 

V :>A8=CA=V DC=:FVW @V7=>W G0AB>B8: 

 

45 Ćąĉ - F5 ?>78FVO, 0 ÿ 3 F5 @>7<V@=VABь 25:B>@0 ?@54AB02;5==O. &0:V DC=:FVW 1C;8 
281@0=V G5@57 3V?>B57C, I> 2>=8 4>72>;ONBь 2@0E>2C20B8 2V4=>A=V ?>78FVW, >A:V;ь:8 

4;O 1C4ь-O:>3> DV:A>20=>3> 2V4ABC?C ā, ĄāĆąĉ + ā <>65 1CB8 >B@8<0=89 O: ;V=V9=0 

DC=:FVO 2V4 ĄāĆąĉ . 
�;>10;ь=>, 5=:>45@ A:;040єBьAO 7 Ă = 6 >4=0:>28E H0@V2. ' :>6=><C H0@V є 

420 ?V4H0@8. #5@H89 3 F5 multi-head dot-product self-attention, 0 4@C389 3 

?>2=>72’O7=0 =59@>==0 <5@560, I> 70AB>A>2CєBьAO 4;O :>6=>W ?>78FVW >:@5<>. 

&0:>6 <V6 :>6=8<8 42><0 ?V4H0@0<8 70AB>A>2CєBьAO residual connection @07>< 7 

layer normalization. &0:8< G8=><, 28EV4 :>6=>3> H0@C 3 F5 ĀÿďăĈĂąĈă(Ď + ćċĀĂÿďăĈ(Ď)), 45 ćċĀĂÿďăĈ 3 ?>B>G=89 ?V4H0@. 
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�=0;>3VG=> 45:>45@ A:;040єBьAO 7 Ă = 6 >4=0:>28E H0@V2. !0 4>40GC 4> 42>E 

?V4H0@V2, ?@8ACB=VE C 5:>45@V, 45:>45@ B0:>6 <0є B@5BV9 ?V4H0@, encoder-decoder 

attention. � B0:>6 70AB>A>2CєBьAO residual connection @07>< 7 layer normalization. 

 

2.5 �5;8:V <>2=V <>45;V 

�5;8:V <>2=V <>45;V 7V3@0;8 206;82C @>;ь 2 >1;0ABV >1@>1:8 ?@8@>4=>W <>28. 

З0 A2>N 0@EVB5:BC@C 2>=8 28:>@8AB>2CNBь B@0=AD>@<5@8. "A=>2=0 V45O 

B@0=AD>@<5@0 4 F5 <5E0=V7< C2038, O:89 4>72>;Oє <>45;V D>:CAC20B8AO =0 @V7=8E 

G0AB8=0E 2EV4=>W ?>A;V4>2=>ABV ?@8 35=5@0FVW 28E>4C. 

GPT-3 (Generative Pre-trained Transformer 3) [45] 22060єBьAO ?5@H8< 2V4><8< 

?@8:;04>< 25;8:>W <>2=>W <>45;V. �>=0 є B@5Bь>N VB5@0FVєN <>45;V GPT 2V4 

OpenAI. �>=0 ?@825@=C;0 25;8:C C203C 7024O:8 A2>W< =59<>2V@=> 25;8:8< 

@>7<V@>< B0 740B=VABN 28:>=C20B8 H8@>:89 A?5:B@ 70240=ь 157 A?5FV0;V7>20=>3> 

4>=0;0HBC20==O. 

�5;8:V <>2=V <>45;V, O:V 107CNBьAO =0 0@EVB5:BC@V GPT, AB0;8 =0ABV;ь:8 

?>BC6=8<8, I> 740B=V 28:>=C20B8 =5 BV;ь:8 7040GV :;0A8DV:0FVW B5:ABC, 0;5 V 1V;ьH 

A:;04=V 7040GV, B0:V O: =0?8A0==O :>4C, AB2>@5==O ?>5B8G=8E B2>@V2, 0=>B0FVO 

=0C:>28E AB0B59, V =02VBь ?>1C4>20 A:;04=8E ;>3VG=8E <V@:C20=ь. 

�A=Cє =01V@ ?@8G8=, G><C FO <>45;ь AB0;0 @52>;NFV9=>N 4;O AD5@8 NLP B0 

AI C FV;><C: 

1. GPT-3 є >4=VєN 7 =091V;ьH8E =59@>==8E <5@56, O:V :>;8-=51C4ь 

AB2>@N20;8AO, V7 175 <V;ьO@40<8 ?0@0<5B@V2. �;O ?>@V2=O==O, GPT-2 <0;0 1,5 

<V;ьO@40 ?0@0<5B@V2. *59 25;8:89 @>7<V@ 4>72>;Oє <>45;V 715@V30B8 7=0G=C 

:V;ь:VABь V=D>@<0FVW B0 28:>@8AB>2C20B8 WW 4;O 35=5@0FVW B5:ABC. 

2. "A:V;ь:8 GPT-3 1C;0 =02G5=0 =0 25;8:8E >1'є<0E B5:AB>28E 40=8E, 2>=0 

"7=0є" 1030B> D0:BV2 ?@> A2VB, 2:;NG0NG8 VAB>@8G=C, =0C:>2C B0 :C;ьBC@=C 

V=D>@<0FVN. #@>B5 A;V4 707=0G8B8, I> WW "7=0==O" є AB0B8G=8<8 V 107CNBьAO 

=0 40=8E 4> <><5=BC 7025@H5==O =02G0==O. 
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3. "4=VєN 7 =091V;ьH 2@060NG8E >A>1;82>AB59 GPT-3 є WW A?@><>6=VABь 

28:>=C20B8 70240==O "70 >48= @07" (zero-shot), :>;8 <>45;ь >B@8<Cє 

V=AB@C:FVN 157 :>=:@5B=8E ?@8:;04V2, "70 45:V;ь:0 @07V2" (few-shot), :>;8 

<>45;V =040NBьAO 45:V;ь:0 ?@8:;04V2, V "70 1030B> @07V2" (many-shot), :>;8 

<>45;V =040NBьAO 1030B> ?@8:;04V2. 

4. GPT-3 ?>:070;0 28A>:C 5D5:B82=VABь C 1030Bь>E 70AB>AC20==OE: ?5@5:;04 

<>28, 2V4?>2V4V =0 ?8B0==O, =0?8A0==O ?>57VW, AB2>@5==O ?@>3@0<=>3> :>4C, V 

B0: 40;V. *O 7030;ь=VABь є @57C;ьB0B>< WW 25;8:>3> @>7<V@C B0 A?>A>1C 

=02G0==O. 

5. !572060NG8 =0 A2>N ?>BC6=VABь, GPT-3 <>65 4>?CA:0B8 ?><8;:8 01> 

35=5@C20B8 V=D>@<0FVN, O:0 <>65 1CB8 =5B>G=>N, C?5@5465=>N 01> 

=5157?5G=>N. *5 ?V4:@5A;Nє =5>1EV4=VABь >15@56=>3> ?V4E>4C ?@8 

28:>@8AB0==V B0:8E <>45;59. 

ChatGPT є >4=VєN 7 VB5@0FV9 <>45;V GPT, O:0 1C;0 >?B8<V7>20=0 A?5F8DVG=> 

4;O 4V0;>3>28E A8AB5<. �>=0 740B=0 25AB8 7<VAB>2=89 4V0;>3, 2@0E>2CNG8 :>=B5:AB 

?>?5@54=VE ?>2V4><;5=ь, I>1 35=5@C20B8 1V;ьH 2V4?>2V4=V 2V4?>2V4V. 

 

 <E. 2.20 – �BDV6AOAAO >V?ь>BEFV C4D4@9FDV6 GPT-3 ; A4=5V?ьL<@< A4 FB= 

@B@9AF NLP @B89?O@< 
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"A=>2=8< 2=5A:>< C AB2>@5==V ChatGPT є <5B>48:0 =02G0==O, O:0 

28:>@8AB>2Cє ?>є4=0==O :V;ь:>E AB@0B53V9. #5@H0 G0AB8=0 3 F5 AB0=40@B=5 

=02G0==O 7 CG8B5;5<, 45 <>45;ь =02G0єBьAO ?5@5410G0B8 =0ABC?=5 A;>2> 2 B5:ABV, 

28:>@8AB>2CNG8 25;8:V =01>@8 40=8E. �@C30 G0AB8=0 2:;NG0є 2 A515 <5B>4 

=02G0==O 7 ?V4:@V?;5==O< =0 >A=>2V ;N4Aь:>3> 72>@>B=>3> 72'O7:C (0=3;. 

Reinforcement Learning from Human Feedback, RLHF), 45 <>45;ь 4>>?B8<V7>2CєBьAO 

70 4>?><>3>N 72>@>B=>3> 72'O7:C 2V4 ;N459. 

RLHF 3 F5 <5B>48:0, 45 <>45;ь ?@>E>48Bь ?@>F5A B>=:>3> =0;0HBC20==O =0 

>A=>2V 72>@>B=>3> 72'O7:C 2V4 ;N459. З0<VABь B>3>, I>1 ?>2=VABN ?>:;040B8AO =0 

B@048FV9=89 <5B>4 =02G0==O 7 CG8B5;5<, RLHF 4>72>;Oє 28:>@8AB>2C20B8 4V9A=89 

72>@>B=89 72'O7>: 2V4 ;N4Aь:8E :>@8ABC20GV2, I>1 ?>:@0I8B8 @>1>BC <>45;V 2 

@50;ь=8E AF5=0@VOE. *5 2:;NG0є 2 A515 28O2;5==O V 28?@02;5==O ?><8;>:, O:V 

<>45;ь <>65 @>18B8, 0 B0:>6 040?B0FVN 4> 1V;ьH A?5F8DVG=8E 01> =5728G=8E 

70?8BV2. 

RLHF AB>WBь =0 >A=>2V ACG0A=8E ?V4E>4V2 4> =02G0==O <>2=8E <>45;59, 

>A:V;ь:8 2V= 4>72>;Oє <>45;O< =02G0B8AO 157?>A5@54=ь> 2V4 72>@>B=>3> 72'O7:C 

;N459, 70<VABь B>3>, I>1 ?>:;040B8AO 28:;NG=> =0 25;8:V =01>@8 40=8E. 

1. #@>F5A 71>@C 40=8E: #>G0B:>289 =01V@ 40=8E AB2>@NєBьAO 70 4>?><>3>N 
270є<>4VW <>45;V 7 :>@8ABC20G0<8. �N48 270є<>4VNBь 7 <>45;;N, 7040NG8 W9 

?8B0==O 01> 40NG8 V=AB@C:FVW, 0 <>45;ь 2V4?>2V40є. 

2. "FV=:0 72>@>B=>3> 72'O7:C: "B@8<0=V 2V4?>2V4V <>45;V ?>BV< >FV=NNBьAO 
V=H8<8 ;N4ь<8. "FV=N20G0< <>65 1CB8 ?@54AB02;5=> 45:V;ь:0 20@V0=BV2 

2V4?>2V459, V W< ?>B@V1=> 281@0B8 =09:@0I89. 

3. "?B8<V70FVO 70 4>?><>3>N =02G0==O 7 ?V4:@V;?5==O<: З 28:>@8AB0==O< 

>FV=>: 7 ?>?5@54=ь>3> :@>:C <>45;ь =02G0єBьAO 2818@0B8 =09:@0IV 2V4?>2V4V. 

*5 4>AO30єBьAO 70 4>?><>3>N <5B>4V2 =02G0==O 7 ?V4A8;5==O<, 45 2V4?>2V4V, 

O:V >B@8<0;8 28I89 @59B8=3, =040NBь <>45;V 28I89 "=03>@>4C". 
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(>@<0;ь=> F5 <>6=0 ?@54AB028B8 =0ABC?=8< G8=><. #@8?CAB8<>, ÿĊ - F5 4VO, 

O:C <>45;ь 2818@0є =0 :@>FV Ċ, 0 ĈĊ 3 F5 2V4?>2V4=89 =03>@>4C, O:89 <>45;ь >B@8<Cє 

70 FN 4VN.  5B0 <>45;V ?>;O30є 2 <0:A8<V70FVW >GV:C20=>3> =03>@>4C: 

� [ ∑ ĈĊĄ
Ċ=1 ], 

45 Ĉ 3 F5 :V;ь:VABь :@>:V2 270є<>4VW. �;3>@8B<8 reinforcement learning, B0:V O: 

Proximal Policy Optimization (PPO), <>6CBь 1CB8 28:>@8AB0=V 4;O >?B8<V70FVW 

<>45;V 7 <5B>N <0:A8<V70FVW Fь>3> =03>@>4C. 

 Proximal Policy Optimization (PPO) є >4=VєN 7 :;NG>28E B5E=V: 2 >1;0ABV 

=02G0==O 7 ?V4A8;5==O< V G0AB> 28:>@8AB>2CєBьAO 4;O B@5=C20==O <>45;59 2 7040G0E 

7 25;8:8< ?@>AB>@>< 4V9, B0:8E O: <>2=V <>45;V. "A=>2=0 V45O PPO ?>;O30є 2 B><C, 

I>1 28:>=C20B8 >?B8<V70FVN ?>;VB8:8 (AB@0B53VW) <>45;V, >1<56CNG8 7<V=8 2 

?>;VB8FV 2V4 >4=>3> :@>:C >?B8<V70FVW 4> V=H>3>, I>1 70?>1V3B8 =5AB01V;ь=>ABV 2 

=02G0==V. 

 �87=0G8<> 2V4=>H5==O <V6 =>2>N B0 AB0@>N ?>;VB8:>N O:: ĈĊ(�) = ��(ÿĊ|ĉĊ)���ýý(ÿĊ|ĉĊ) 

&>4V >A=>2=89 >1'є:B82 PPO <>65 1CB8 70?8A0=89 O:: ĀĀĀ0(�) = �ĉ,ÿ~���ýý [min (ĈĊ(�)ý��ýý(ĉ, ÿ), āĂÿĆ(ĈĊ(�), 1 2 �, 1 + �)ý��ýý(ĉ, ÿ)] 
45 ��(ÿ|ĉ) 3 9<>2V@=VABь 4VW ÿ 2 AB0=V ĉ 70 ?>;VB8:>N 7 ?0@0<5B@0<8 �, ý��ýý(ĉ, ÿ) 3 

DC=:FVO ?5@52038 4VW ÿ 2 AB0=V ĉ 70 AB0@>N ?>;VB8:>N, �  3  3V?5@?0@0<5B@, O:89 

:>=B@>;Nє, =0A:V;ь:8 A8;ь=> =>20 ?>;VB8:0 <>65 2V4@V7=OB8AO 2V4 AB0@>W =0 

:>6=><C :@>FV >?B8<V70FVW. 

 "A=>2=89 :><?>=5=B Fь>3> >1'є:B82C 3 F5 2V4=>H5==O <V6 =>2>N B0 AB0@>N 

?>;VB8:>N, O:5 >1<56CєBьAO DC=:FVєN "clip", I>1 30@0=BC20B8, I> 7<V=8 2 ?>;VB8FV 

70;8H0NBьAO ?@>?>@FV9=8<8 V =5 ?@872>4OBь 4> =5AB01V;ь=>ABV. З024O:8 Fь><C PPO 

є 5D5:B82=8< B0 AB01V;ь=8< <5B>4>< =02G0==O 7 ?V4A8;5==O<, O:89 <>6=0 

28:>@8AB>2C20B8 4;O B@5=C20==O 25;8:8E <>2=8E <>45;59, B0:8E O: ChatGPT. 
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�?5@H5 RLHF C ACG0A=V9 D>@<V 1C2 >?8A0=89 C InstructGPT, I> є 20@V0=B>< 

<>45;V GPT, O:89 1C2 AB2>@5=89 4;O 28:>=0==O :>=:@5B=8E V=AB@C:FV9 2 B5:ABV. 

З0<VABь B>3>, I>1 ?@>AB> 35=5@C20B8 B5:AB =0 >A=>2V ?>40=8E 70?8BV2, InstructGPT 

1C;0 =02G5=0 28:>=C20B8 4VW 2V4?>2V4=> 4> :>=:@5B=8E V=AB@C:FV9, I> @>18Bь WW 

>A>1;82> :>@8A=>N 4;O 7040G, O:V ?>B@51CNBь :>=:@5B=8E 4V9 G8 2V4?>2V459. 

*59 ?V4EV4 107CєBьAO =0 B><C 6 <5B>4V RLHF, I> 9 ChatGPT, 0;5 7 0:F5=B>< 

=0 28:>=0==O :>=:@5B=8E V=AB@C:FV9. $>1>B0 InstructGPT 45B0;ь=> @>73;O40є 

<5B>48:C =02G0==O, @57C;ьB0B8 B0 <>6;82V 70AB>AC20==O Fь>3> ?V4E>4C. 

 <E. 2.21 – �B6A<= CDBJ9E FD9AG64AAO InstructGPT, 6>?NK4NK< @9FB8 A46K4AAO ; 

CV8>DVC?9AAO@ A4 BEAB6V ?N8Eь>B7B ;6BDBFAB7B ;6'O;>G 

 

' ?V4AC<:C, O: ChatGPT, B0: V InstructGPT ?@54AB02;ONBь A>1>N 7=0GCIV 

:@>:8 2 @>728B:C <>2=8E <>45;59, V >1842V 28:>@8AB>2CNBь RLHF 4;O 

4>>?B8<V70FVW =0 >A=>2V 72>@>B=>3> 72'O7:C 2V4 ;N459, I> ?V428ICє WE 5D5:B82=VABь 

C @50;ь=8E AF5=0@VOE.  
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�?;82 25;8:8E <>2=8E <>45;59 =0 ACG0A=5 NLP B0 AI 2FV;><C 206:> 

?5@5>FV=8B8. �E=O 740B=VABь 4> H284:>3> 040?BC20==O 4> =>28E 7040G, 

<0AHB01C20==O B0 28:>=0==O 70240=ь =0 @V2=V, O:89 @0=VH5 1C2 =54>AO6=8< 4;O 

<0H8=, @52>;NFV>=Cє AD5@C B5E=>;>3V9. �>=8 265 45<>=AB@CNBь =5 BV;ь:8 

2@060NGV @57C;ьB0B8 2 0:045<VG=8E 70240==OE, 0;5 9 0:B82=> 2BV;NNBьAO 2 

:><5@FV9=8E ?@>4C:B0E, =040NG8 :>@8ABC20G0< 28A>:>O:VA=V V=AB@C<5=B8 4;O 

:><C=V:0FVW, 0=0;VB8:8 B0 AB2>@5==O :>=B5=BC. #@>B5, @07>< 7 ?>B5=FV9=8<8 

?5@52030<8, 2>=8 =5ACBь V 28:;8:8, B0:V O: C?5@5465==O, ?@>1;5<8 157?5:8 B0 

5B8:8. �;O 715@565==O ?@>3@5AC B0 ?>1C4>28 4>2V@;82>3> <091CB=ь>3> 2 AD5@V AI, 

=5>1EV4=89 10;0=A <V6 V==>20FVO<8, 5B8G=8< ?V4E>4>< B0 2V4?>2V40;ь=VABN 

4>A;V4=8:V2 B0 @>7@>1=8:V2. &0:8< G8=><, 4>:8 <8 @CE0є<>AO 2?5@54, 206;82> 

?0<'OB0B8 ?@> 2V4?>2V40;ь=5 B0 710;0=A>20=5 28:>@8AB0==O F8E ?>BC6=8E 

V=AB@C<5=BV2. 
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$"���� 3. #"�'�"�� !��$"!!��  �$��� ��/ ����' 

#�%Ь "�"�" �%�%&�!&' 

#>1C4>20 є48=>W =59@>==>W <5@56V 28@VH5==O 7040G ?8Aь<>2>3> 2:;NG0є 

25;8:C :V;ь:VABь :@>:V2. З04;O >1’є:B82=>ABV @>1>B8 B0 4>AO3=5==O 28A>:>W O:>ABV 

=5>1EV4=> ?>:@8B8 @V7=><0=VB=V 0A?5:B8, :;0A8G=V 4;O @>7@>1:8 <>45;59 3;81>:>3> 

=02G0==O. %5@54 =8E: 

• ?>1C4>20 ?@>F54C@8 >FV=N20==O O:>ABV @>1>B8; 

• @>1>B0 7 40=8<8 (?V43>B>2:0 =>28E B0 >1@>1:0 VA=CNG8E); 

• B@5=C20==O A?5FV0;V7>20=8E <>45;59 B0 281V@ 0@EVB5:BC@8; 

• ?>1C4>20 C=V25@A0;ь=>W =59@>==>W <5@56V B0 ?V41V@ 3V?5@?0@0<5B@V2; 

• >?B8<V70FVO H284:>ABV @>1>B8 <>45;V. 

 

3.1 �=B53@>20=89 ?V4EV4 4> >FV=N20==O O:>ABV @>1>B8 ?8Aь<>2>3> 0A8AB5=B0 

$>7@>1:0 =59@>==8E <5@56, 740B=8E 28:>=C20B8 A:;04=V 7040GV, B0:V O: 

28?@02;5==O 3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>:, ?5@5D@07C20==O B0 

A?@>I5==O B5:ABC, є =5B@82V0;ь=>N 7040G5N. "A=>2=8< 70240==O< ?@8 @>7@>1FV 

B0:8E A8AB5< є =5 BV;ь:8 AB2>@5==O 5D5:B82=8E 0;3>@8B<V2, 0;5 9 ?>1C4>20 

=04V9=8E <5E0=V7<V2 >FV=N20==O WE=ь>W O:>ABV. *5 206;82>, >A:V;ь:8 O:VABь B0 

=04V9=VABь @>1>B8 =59@>==8E <5@56 ?@O<> 2?;820є =0 WE ?@840B=VABь 4> 

28:>@8AB0==O 2 @50;ь=8E C<>20E. 

!04V9=5 >FV=N20==O O:>ABV =59@>==8E <5@56 28<030є @>7@>1:8 :><?;5:A=8E 

<5B@8:, O:V 740B=V 045:20B=> >FV=N20B8 O:VABь 35=5@>20=>3> B5:ABC. *5 2:;NG0є =5 

BV;ь:8 ?5@52V@:C 3@0<0B8G=>W :>@5:B=>ABV, 0;5 9 >FV=:C 715@565==O A<8A;C, 

AB8;VAB8G=>W 2V4?>2V4=>ABV B0 =02VBь B2>@G>ABV B5:ABC. �8:;8: ?>;O30є C B><C, I> 

FV 0A?5:B8 G0AB> AC1'є:B82=V B0 206:> D>@<0;V7C20B8, I> 28<030є V==>20FV9=>3> 

?V4E>4C 4> AB2>@5==O B0:8E <5B@8:. 

&0:>6 ABV9:0 A8AB5<0 >FV=N20==O 2V4V3@0є :;NG>2C @>;ь C ?@>F5AV 

VB5@0B82=>3> 24>A:>=0;5==O =59@>==8E <5@56. �>=0 4>72>;Oє 287=0G0B8 

5D5:B82=VABь 2=5A5=8E 7<V=, 2V4AB56C20B8 ?@>3@5A C G0AV B0 28O2;OB8 =>2V 
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<>6;82>ABV 4;O ?>:@0I5==O. "A>1;82> F5 206;82> 2 C<>20E, :>;8 <5@56V 

28:>=CNBь A:;04=V B0 1030B>3@0==V 7040GV, B0:V O: 35=5@0FVO B0 >1@>1:0 B5:ABC. 

&0:8< G8=><, @>728B>: =04V9=8E <5B>4V2 >FV=N20==O є =52V4'є<=>N G0AB8=>N 

?@>F5AC AB2>@5==O 28A>:>O:VA=8E B0 5D5:B82=8E =59@>==8E <5@56. 

 

3.1.1  5B>4 :><1V=>20=>W >FV=:8 4;O O:>ABV @>1>B8 =0 7040G0E C<>2=>W 
35=5@0FVW B5:ABC 

!091V;ьH ?@O<>;V=V9=8< V 7@>7C<V;8< ?V4E>4>< є ?>1C4>20 >FV=:8 =0 107V 

VA=CNG8E <5B@8: 4;O  7040G C<>2=>W 35=5@0FVW B5:ABC.  8 @>73;O=C;8 B0:V <5B>48 C 

@>74V;V 2. !03040є<>, O:V <5B@8:8 28:>@8AB>2CNBьAO 4;O O:8E 7040G 7 =0H>3> 

A?8A:C. 

 

&01;8FO 3.1 3  5B@8:8 4;O >FV=:8 O:>ABV C<>2=>W 35=5@0FVW B5:ABC C @>7@V7V 7040G 

?8Aь<>2>3> 0A8AB5=BC 

 5B@8:0 
�8?@02;5==O 
3@0<0B8G=8E 
?><8;>: (GEC) 

%?@>I5==O 
B5:ABC 

#5@5D@07C20==O 
B5:ABC 

BLEU  X X 

ROUGE   X 

METEOR   X 

SARI  X X 

FKGL  X  

MaxMatch X   

TER   X 

ERRANT X   

BERT-score  X  

 

 /: 10G8<>, VA=Cє 4>2>;V 25;8:0 :V;ь:VABь <5B@8: >FV=N20==O. �5O:V 7 =8E 

?5@5B8=0NBьAO C 45:V;ь:>E 7040G0E, 45O:V є C=V:0;ь=8<8 (A?5F8DVG=8<8) 4;O 

?52=8E 7040G. ' Fь><C ?;0=V 284V;OєBьAO 28?@02;5==O 3@0<0B8G=8E B0 
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>@D>3@0DVG=8E ?><8;>:, 45 MaxMatch B0 ?>EV4=0 ERRANT 28:>@8AB>2CєBьAO 

5:A:;N782=>. 

"FV=:0 7040G 35=5@0FVW B5:ABC є 4>2>;V ?>?C;O@=>N V 2>4=>G0A A:;04=>N 

B5<>N. �>AV =5 VA=Cє =04V9=>3> <5B>4C 4;O 6>4=>W 7040G, 0 B><C <5B@8:8 2 

1V;ьH>ABV 28?04:0E 28ABC?0NBь >?>A5@54:>20=8< A?>A>1>< 0?@>:A8<0FVN 

;N4Aь:>3> >FV=N20==O. �5O:V <5B@8:8, I> 0:B82=> 28:>@8AB>2CNBьAO C ACG0A=8E 

@>1>B0E, ?@0FNNBь 4>2>;V ?>30=> V 28:>@8AB>2CNBьAO «?> V=5@FVW» 704;O 

?>@V2=O==O 7 265 VA=CNG8<8 ?@0FO<8. &><C VA=Cє >:@5<89 =0?@O<>: 4;O >FV=:8 

<5B@8:. 

&0: C @>1>BV [46] AB25@46CєBьAO, I> BLEU є ?>30=>N <5B@8:>N 4;O >FV=:8 

O:>ABV 7040G ?5@5D@07C20==O B0 A?@>I5==O B5:ABC. �;O 0@3C<5=B0FVW, =02>48BьAO 

?@8:;04, :>;8 =5 ?5@5?8AC20B8 >@83V=0;ь=89 B5:AB 40є :@0IC <5B@8:C BLEU C 

?>@V2=O==V 7 A?@>10<8 28A>:>O:VA=>W <>45;V, 28A>:> >FV=5=>W ;N4ь<8-0=>B0B>@0<8 

C :>=B@0ABV 7 02B><0B8G=>N <5B@8:>N.  

&0:>6 AB028BьAO ?V4 AC<=V2 <5B@8:0 FKGL, O:0 =5 28:>@8AB>2Cє 

?5@5?8AC20==O @>7<VG5=V ;N4ь<8, 0 ;8H5 :>@8ABCєBьAO >@83V=0;ь=8< @5G5==O< B0 

735=5@>20=8< A8AB5<>N. 

�A=Cє 0=0;V7 [10] O:89 70?52=Oє, I> 4;O A8AB5<8 28?@02;5==O ?><8;>: G0AB> 

>FV=NNBьAO ;8H5 70 7030;ь=>N ?@>4C:B82=VABN, >A:V;ь:8 3V?>B578 A8AB5<8 =5 

0=>BCNBьAO C <5B@8FV MaxMatch. #@>B5 F5 <>65 22>48Bь 2 ><0=C, V A8AB5<0, O:0 

7030;>< ?@0FNє ?>30=>, =0A?@024V <>65 ?5@525@HC20B8 V=HV A8AB5<8 70 ?52=8<8 

B8?0<8 ?><8;>:. *5 206;82>, >A:V;ь:8 =04V9=0 A?5FV0;V7>20=0 A8AB5<0 =0A?@024V є 

1060=VH>N, =V6 ?>A5@54=O 7030;ь=0 A8AB5<0. #@>B5 157 0=0;V7C B8?V2 ?><8;>: FO 

V=D>@<0FVO 70;8H0єBьAO ?>2=VABN =52V4><>N. %0<5 B><C @5:><5=4CєBьAO 

70AB>A>2C20B8 ERRANT, O:89 2@0E>2Cє FN ?@>1;5<C.  

#@>0=0;V7C202H8 ?>4V1=C ;VB5@0BC@C V 2@0EC202H8 1060==O <0B8 <>6;82VABь 

@>18B8 ?>@V2=O;ь=89 0=0;V7, 1C;> ?@89=OB8 @VH5==O >1@0B8 ?> =091V;ьH =04V9=V9 

<5B@8FV 4;O :>6=>W A8AB5<8.  

METEOR, 22060єBьAO >4=VєN 7 =09=04V9=VH8E <5B@8: 4;O >FV=N20==O 7040G 

?5@5D@07C20==O B5:ABC, 7024O:8 A2>є<C C=V:0;ь=><C ?V4E>4C 4> 0=0;V7C 
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2V4?>2V4=>ABV <V6 >@83V=0;>< B0 ?5@5D@07>20=8< B5:AB><. !0 2V4<V=C 2V4 V=H8E 

<5B@8:, B0:8E O: BLEU, TER, METEOR 2@0E>2Cє =5 BV;ь:8 B>G=VABь 2V4?>2V4=>ABV 

A;V2, 0;5 9 A5<0=B8G=C 73C@B>20=VABь D@07. �>=0 2:;NG0є A8=>=V<VN B0 3=CG:5 

2V4?>2V40==O A;V2, I> 4>72>;Oє 1V;ьH B>G=> >FV=8B8, =0A:V;ь:8 4>1@5 

?5@5D@07>20=89 B5:AB ?5@540є A<8A; >@83V=0;C. 

SARI є >4=VєN 7 =091V;ьH =04V9=8E <5B@8: 4;O >FV=N20==O 7040GV A?@>I5==O 

B5:ABC. "A=>2=0 ?5@52030 SARI ?>;O30є 2 WW 740B=>ABV >FV=N20B8 O:VABь A?@>I5==O 

B5:ABC, ?>@V2=NNG8 9>3> =5 BV;ь:8 7 @>7<VG5=8<8 A?@>I5=8<8 20@V0=B0<8, 0;5 9 7 

>@83V=0;ь=8< B5:AB><. *5 4>72>;Oє 28<V@N20B8, =0A:V;ь:8 5D5:B82=> A8AB5<0 

715@V30є ?5@2VA=89 7<VAB, ?@8 Fь><C @>1;OG8 9>3> 1V;ьH 4>ABC?=8< V 7@>7C<V;8<.  

SARI 0=0;V7Cє B@8 0A?5:B8 A?@>I5==O: 4>4020==O, 28;CG5==O B0 70<V=0 A;V2. 

*5 40є 1V;ьH 2A51VG=5 @>7C<V==O ?@>F5AC A?@>I5==O, >A:V;ь:8 >FV=Nє, =0A:V;ь:8 

045:20B=> A8AB5<0 28:>@8AB>2Cє :>65= 7 F8E <5B>4V2. !0?@8:;04, <5B@8:0 >FV=Nє 

=5 BV;ь:8 G8 1C;8 28;CG5=V A:;04=V A;>20, 0;5 9 G8 1C;8 2>=8 70<V=5=V 1V;ьH 

7@>7C<V;8<8 A8=>=V<0<8, 0 B0:>6 G8 1C;8 4>40=V 4>40B:>2V ?>OA=5==O B0<, 45 F5 

=5>1EV4=>.  

ERRANT, <5B@8:0 4;O >FV=N20==O 28?@02;5==O 3@0<0B8G=8E ?><8;>:, 

22060єBьAO >4=VєN 7 =09=04V9=VH8E C A2>W9 AD5@V. �W >A>1;82VABь ?>;O30є C 2<V==V 

45B0;ь=> :0B53>@87C20B8 ?><8;:8, @>1;OG8 0=0;V7 3;81H8< V 1V;ьH 7<VAB>2=8<. 

ERRANT =5 ?@>AB> DV:ACє D0:B 28?@02;5==O, 0;5 9 0=0;V7Cє 9>3> B8?, I> 4>72>;Oє 

45B0;ь=> @>7C<VB8, O:V A0<5 0A?5:B8 3@0<0B8:8 :@0I5 >?@0Fь>20=V 2 A8AB5<V. *5 

>A>1;82> 206;82>, >A:V;ь:8 4>72>;Oє @>7@>1=8:0< 7>A5@548B8Aь =0 A?5F8DVG=8E 

>1;0ABOE 4;O ?>:@0I5==O, 0 B0:>6 =040є 1V;ьH 3;81>:5 @>7C<V==O ?@> B5, O: @V7=V 

B8?8 ?><8;>: 2?;820NBь =0 7030;ь=C O:VABь B5:ABC. &0:89 ?V4EV4 ?5@52>48Bь 

>FV=N20==O 28?@02;5==O ?><8;>: 7 :V;ь:VA=>3> =0 O:VA=89 @V25=ь, =040NG8 70A>18 

4;O B>G=VH>W :0;V1@C20==O B0 C4>A:>=0;5==O A8AB5< 28?@02;5==O ?><8;>:. 

&0:8< G8=>< <0є<>: ERRANT 4;O 7040GV 28?@02;5==O 3@0<0B8G=8E B0 

>@D>3@0DVG=8E ?><8;>:, SARI 4;O 7040GV A?@>I5==O B5:ABC, METEOR 4;O 7040GV 

?5@5D@07C20==O B5:ABC. /: 73040=> 28I5, >A:V;ь:8 <>45;ь <0є 1CB8 C=V25@A0;ь=>N, 
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?>B@V1=0 є48=0 <5B@8:0 >FV=:8 4;O VB5@0B82=>3> 24>A:>=0;5==O =59@>==>W <5@56V. 

#@O<>;V=V9=8< @VH5==O< 1C;> 1 28:>@8AB0==O ?@>AB>3> A5@54=ь>3>: ýĉĉÿĉĊÿĄĊćāąĈă = 13 āĆĆýĂĈ + 13 ćýĆą + 13 āāĈāăĆ 

&0:89 ?V4EV4 =5 2@0E>2Cє 42>E =N0=AV2: 

• <0AHB01 <5B@8: 3 ?>:@0I5==O =0 1 >48=8FN >4=VєW <5B@8:8 7 B>G:8 7>@C 

>4=VєW 7040GV =5 5:2V20;5=B=> ?>:@0I5==N =0 BC A0<C >48=FN V=H>W. *5 <>65 

?@8725AB8 4> B>3>, I> 4;O >?B8<V70FVW A5@54=ь>3> 1C45 :@0I5 

A:>=F5=B@C20B8AO =0 B8E 7040G0E, 45 >48=8FO <5B@8:8 7@>AB0є =091V;ьH5; 

• 206;82VABь 7040G 4;O ?8Aь<>2>3> 0A8AB5=BC 3 AC1’є:B82=> 7040GV 

28?@02;5==O ?><8;>:, A?@>I5==O B0 ?5@5D@07C20==O B5:ABC <>6CBь 1CB8 =5 

@V2=>FV==8<8 4;O A5@54=ь>AB0B8AB8G=>3> :>@8ABC20G0.  

#>G=5<> 7 206;82>ABV 7040G. #V4 G0A =0?8A0==O 48A5@B0FV9=>W @>1>B8 =5 

240;>AO 7=09B8 =0C:>28E AB0B59, O:V >?8BCNBь :>@8ABC20GV2 =0 ?@54<5B 3>;>2=8E 

(=09206;82VH8E) O:>AB59 ?8Aь<>2>3> 0A8AB5=BC. !09:@0I5 I> 240;>AO 7@>18B8, 

2@0EC20B8 :V;ь:VABь 70?8BV2 writing assistant C :><1V=0FVO<8 7 =0720<8 7040G. *5 є 

4>A8Bь AC1’є:B82=8< ?V4E>4><, 0;5 2 B>9 65 G0A >B@8<0=V @57C;ьB0B8 4>1@5 

C73>46CNBь 7 CO2;5==O< 02B>@V2 ?@> 7040GV.  

�;O B>3> I>1 :>5DVFVє=B8 206;82>ABV 7040G <0;8 >1<565=89 5D5:B 1C;> 

?@89=OB5 @VH5==O 7@>18B8 WE C 4V0?07>=V [1;  2]. ' B0:V9 :>=DV3C@0FVW =091V;ьH0 
@V7=8FO <V6 7040G0<8 1C45 2 @078, I> <0є 30@0=BC20B8 =5 28@>465==O :><1V=>20=>W 

<5B@8:8 C >4=C 7 2EV4=8E. 

"B65, 7040GV >B@8<0;8 B0:V :>5DVFVє=B8 206;82>ABV: 

• 2 4;O 7040GV 28?@02;5==O 3@0<0B8G=8E V >@D>3@0DVG=8E ?><8;>: 3 

28?@02;5==O ?><8;>: є :;NG>28< 4;O 70157?5G5==O G8B015;ь=>ABV B0 

?@>D5AV9=>ABV B5:ABC, >A>1;82> 2 0:045<VG=8E, 4V;>28E B0 >DVFV9=8E 

:>=B5:AB0E; 

• 1.4 4;O ?5@5D@07C20==O B5:ABC 3 7040G0 є 206;82>N 4;O 70157?5G5==O 

@V7=><0=VB=>ABV 28@07C V ?>3;O4C 7V «AB>@>=8», 0 B0:>6 7@>18B8 B5:AB 1V;ьH 
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7@>7C<V;8< B0 ?@8201;828< 4;O G8B0GV2; C B>9 65 G0A 7040G0 =5 є :@8B8G=> 

206;82>N 4;O ?8Aь<>2>3> 0A8AB5=BC; 

• 1 4;O 7040GV A?@>I5==O B5:ABC 3 A?@>I5==O B5:ABC 206;825 4;O 70157?5G5==O 

9>3> 4>ABC?=>ABV H8@>:V9 0C48B>@VW, >4=0: FO 7040G0 <>65 1CB8 <5=H 

:@8B8G=>N, =V6 28?@02;5==O ?><8;>: 01> ?5@5D@07C20==O. 

 

!0ABC?=8< є =>@<0;V70FVO <5B@8:. З04;O 287=0G5==O :>5DVFVє=BV2 1C;> 

28@VH5=> @>73;O=CB8 90% A8AB5< ?@575=B>20=8E 4;O 7040G 70 >AB0==V 5 @>:V2. ->1 

C=8:=CB8 0=><0;V9 V 715@53B8 ?@028;ь=89 <0AHB01, 10% =093V@H8E @57C;ьB0BV2 

1C;> =5 2@0E>20=> C FV9 @>1>BV.  

�;O <5B@8:8 ERRANT =0 B5:AB>2V9 281V@FV W&I+LOCNESS 7040GV 

28?@02;5==O 3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>: =09:@0I0 A8AB5<0 F5 

ESC [47], O:0 є 0=A0<1;5< 45:V;ь:>E A8AB5< <0є >FV=:C 79.9, C B>9 G0A O: 

?@O<>;V=V9=89 ?V4EV4 7 <5@565N 0@EVB5:BC@8 B@0=AD>@<5@ C 2019 @>FV <02 >FV=:C 

69.5, I> 1V;ьH =V6 =0 10 >48=8Fь =86G5.  

->4> <5B@8:8 SARI =0 B5:AB>2V9 281V@FV Turk Corpus 4;O A?@>I5==O B5:ABC, 

4>AV =09:@0I>N <>45;;N є <>45;ь MUSS, O:0 <0є >FV=:C 42.5 >48=8Fь. %E>68< 4> 

baseline ?V4E>4C 4;O GEC є =0B@5=>20=89 B@0=AD>@<5@ C @>1>BV 2018 @>:C [48]; 2V= 

>B@8<02 33.9 >48=8Fь, I> 3>2>@8Bь <5B@8:0 SARI є <5=H GCB;82>N V <0є <5=H89 

«@>7:84» C ?>@V2=O==V 7 7040G5N 28?@02;5==O ?><8;>:. 

�;O 7040GV ?5@5D@07C20==O <8 28:>@8AB>2Cє<> =01V@ 40=8E MSCOCO 7 

<5B@8:>N METEOR. �A=Cє ?52=0 :V;ь:VABь =N0=AV2 ?>2’O70=8E 7 28:>@8AB0==O< 

25@AV9 B0 281V@>: MSCOCO, B><C 20@B> >18@0B8 @>1>B8 I> 7304CNBь DV:A>20=C 

:>=DV3C@0FVN. &0:8< G8=>< =09:@0I>N <>45;;N є ?>?5@54=ь> =0B@5=>20=89 

BART 7 @>1>B8 Task-specific pre-training improves models for paraphrase generation  

[49], O:89 <0є 26.2 >48=8Fь. $>1>B0 ?@>AB8< =0B@5=>20=8< B@0=AD>@<5@>< 2020 

@>:C <0є 18.5. &0:8< G8=>< 45;ьB0 є I5 <5=H>N C ?>@V2=O==V 7 <5B@8:0<8 =01>@V2 

40=8E ?>?5@54=VE 7040G. 
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&0:8< G8=><, O:I> <8 2V7ь<5<> :>5DVFVє=B 7040GV 28?@02;5==O 3@0<0B8G=8E 

?><8;>: 70 1, B> 7040G0 A?@>I5==O B5:ABC <0B8<5 10.48.6 = 1.2, 0 7040G0 
?5@5D@07C20==O 10.47.7 = 1.35.   

#VA;O 0=0;V7C ;VB5@0BC@8 :>6=>W 7 7040G B0 AB0B59 ?> ?8Aь<>2><C 0A8AB5=BC, 

O:I> 2@0EC20B8 F5 2 :><1V=0FVW 7 :>5DVFVє=B0<8 206;82>ABV 7040G, <0є<> =0ABC?=C 

:0@B8=C 4;O :><1V=>20=>W <5B@8:8. ýĉĉÿĉĊÿĄĊćāąĈă = 2 ∙  āĆĆýĂĈ + 1 ∙ 1.35 ∙ ćýĆą + 1.4 ∙ 1.2 ∙ āāĈāăĆ ýĉĉÿĉĊÿĄĊćāąĈă = 2 ∙  āĆĆýĂĈ + 1.35 ∙ ćýĆą + 1.68 ∙ āāĈāăĆ 

 "B65, ?>1C4>20=> <5B>4 :><1V=>20=>W >FV=:8 O:>ABV A8AB5< =0 7040G0E 

?8Aь<>2>3> 0A8AB5=BC.  

 

3.1.2 �8:>@8AB0==O O:V@=>W A8AB5<8 ?>?0@=8E ?>@V2=O=ь 70 4>?><>3>N 
25;8:8E <>2=8E <>45;59 

 �=H>N ?>B5=FV9=>N <5B@8:>N, O:C <>6=0 28:>@8AB0B8 4;O 0=0;V7C A8AB5< - 

?8Aь<>28E 0A8AB5=BV2 є O:V@=>W A8AB5<8 ?>?0@=8E ?>@V2=O=ь 70 4>?><>3>N 25;8:8E 

<>2=8E <>45;59. *59 ?V4EV4 є 4C65 =>28< V =0 <><5=B =0?8A0==O @>1>B8 BV;ь:8 

=01C20є ?>?C;O@=>ABV. 

� >AB0==V @>:8 25;8:V <>2=V <>45;V (LLM) 7=09H;8 A2>є <VAF5 =5 BV;ь:8 O: 

V=AB@C<5=B8 4;O 35=5@0FVW B0 >1@>1:8 B5:ABC, 0;5 9 O: :;NG>289 5;5<5=B 2 >FV=FV 

O:>ABV V=H8E <>45;59 <0H8==>3> =02G0==O. *59 ?V4EV4 28E>48Bь 70 @0<:8 

B@048FV9=8E <5B>4V2 >FV=N20==O, 45 28:>@8AB>2CNBьAO AB0=40@B=V =01>@8 40=8E V 

<5B@8:8. �5;8:V <>2=V <>45;V 4>72>;ONBь 0=0;V7C20B8 O:VABь 28E>4V2 V=H8E A8AB5< 

=0 1V;ьH 3;81>:><C @V2=V, 2@0E>2CNG8 B0:V D0:B>@8, O: :>=B5:AB, A5<0=B8:0 B0 

=02VBь B2>@GVABь B5:ABC. 

"4=8< 7 V==>20FV9=8E <5B>4V2, O:89 =018@0є ?>?C;O@=>ABV 2 Fь><C :>=B5:ABV, 

є ?>?0@=5 ?>@V2=O==O A8AB5<. �>=> ?>;O30є 2 AB2>@5==V A8BC0FV9, 45 42V @V7=V 

A8AB5<8 ?@54AB02;ONBь A2>W 28E>48 =0 >4=5 9 B5 A0<5 70240==O, V FV 28E>48 ?>BV< 

>FV=NNBьAO ?>@V2=O=> >48= 7 >4=8<. &0:89 ?V4EV4 4>72>;Oє =5 BV;ь:8 >FV=8B8 
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5D5:B82=VABь :>6=>W A8AB5<8 >:@5<>, 0;5 9 28O28B8 WE=V 2V4=>A=V A8;ь=V B0 A;01:V 

AB>@>=8. 

*5=B@0;ь=>N G0AB8=>N <5B>4C ?>?0@=>3> ?>@V2=O==O є 28:>@8AB0==O 

"O:V@=>W" A8AB5<8. *O A8AB5<0 A;C68Bь O: AB0=40@B 01> 2V4?@02=0 B>G:0 4;O >FV=:8 

V=H8E A8AB5<. З0728G09 281V@ O:V@=>W A8AB5<8 107CєBьAO =0 WW @5?CB0FVW, =0O2=>ABV 

2V4?>2V4=8E 40=8E 4;O ?>@V2=O==O, 01> WW 287=0=>W 5D5:B82=>ABV 2 ?52=V9 >1;0ABV. 

�8:>@8AB0==O B0:>W A8AB5<8 O: >@Vє=B8@ 4>72>;Oє AB2>@8B8 >1'є:B82=C >A=>2C 4;O 

?>@V2=O==O V 4>?><030є C=8:=CB8 AC1'є:B82V7<C 2 >FV=FV. 

�;O V;NAB@0FVW, @>73;O=5<> 70AB>AC20==O Fь>3> <5B>4C 2 :>=B5:ABV >FV=:8 

7040G ?8Aь<>2>3> 0A8AB5=B0. #@8?CAB8<>, I> >A=>2=V DC=:FVW B0:>3> 0A8AB5=B0 

2:;NG0NBь 28?@02;5==O 3@0<0B8G=8E ?><8;>:, ?5@5D@07C20==O B0 A?@>I5==O 

B5:ABC.  8 <>65<> >1@0B8 O:V@=C A8AB5<C, O:0 4>1@5 A?@02;OєBьAO, =0?@8:;04, 7 

28?@02;5==O< ?><8;>:, V ?>@V2=N20B8 WW 5D5:B82=VABь 7 V=H8<8 A8AB5<0<8, I> 

A?5FV0;V7CNBьAO =0 ?5@5D@07C20==V 01> A?@>I5==V B5:ABC. 

' B0:><C ?>@V2=O==V <8 <>3;8 1 28:>@8AB>2C20B8 @V7=V =01>@8 40=8E, I> 

2V4>1@060NBь @V7=V 28<>38 4> O:>ABV B5:ABC. !0?@8:;04, 4;O >FV=:8 28?@02;5==O 

?><8;>: <8 <>3;8 1 28:>@8AB>2C20B8 0:045<VG=V B5:AB8 7 ?52=>N :V;ь:VABN 

70740;53V4ь 22545=8E ?><8;>:, B>4V O: 4;O ?5@5D@07C20==O <>3;8 1 

28:>@8AB>2C20B8 B5:AB8 7 ;VB5@0BC@8 01> 6C@=0;VABAь:V AB0BBV. *5 4>72>;8Bь =5 

BV;ь:8 >FV=8B8, =0A:V;ь:8 4>1@5 :>6=0 A8AB5<0 A?@02;OєBьAO 7V A2>W< 70240==O<, 

0;5 9 7@>7C<VB8, O: 2>=8 ?>@V2=NNBьAO >4=0 7 >4=>N 2 @V7=8E :>=B5:AB0E. 

&0:>6 206;82> @>73;O=CB8 3=CG:VABь :>6=>W A8AB5<8. ' :>=B5:ABV 

?8Aь<>2>3> 0A8AB5=B0, F5 <>65 >7=0G0B8 >FV=:C B>3>, =0A:V;ь:8 ;53:> A8AB5<0 <>65 

1CB8 040?B>20=0 4> @V7=8E AB8;V2 ?8Aь<0 01> 4> A?5F8DVG=8E 28<>3 :>@8ABC20GV2. 

!0?@8:;04, A8AB5<0, O:0 GC4>2> A?@02;OєBьAO 7 0:045<VG=8<8 B5:AB0<8, <>65 =5 

1CB8 B0:>N 5D5:B82=>N 4;O ;VB5@0BC@=8E 01> =5D>@<0;ь=8E AB8;V2. *5 ?>@V2=O==O 

4>?><>65 287=0G8B8, O:V A8AB5<8 =09:@0I5 ?V4E>4OBь 4;O @V7=><0=VB=8E AF5=0@VW2 

70AB>AC20==O. 

 �>;>2=8< :0=4840B>< C FV9 @>1>BV =0 @>;ь 25;8:>W <>2=>W <>45;V, I> >FV=Nє 

O:VABь ?5@5?8AC20==O, є ChatGPT-3.5. *59 281V@ 7C<>2;5=89 C=V:0;ь=8<8 
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<>6;82>ABO<8 ChatGPT-3.5, I> 2:;NG0NBь 28A>:C 740B=VABь 4> @>7C<V==O 

:>=B5:ABC B0 35=5@0FVW 2V4?>2V4=>3> B5:ABC. �>3> 3;81>:5 =02G0==O =0 H8@>:><C 

A?5:B@V 40=8E 4>72>;Oє 5D5:B82=> >FV=N20B8 20@V0B82=VABь B0 O:VABь 

?5@5D@07C20==O, 28?@02;5==O ?><8;>: B0 A?@>I5==O B5:ABC. ChatGPT-3.5 <>65 =5 

BV;ь:8 28O2;OB8 3@0<0B8G=V B0 A8=B0:A8G=V ?><8;:8, 0;5 9 >FV=N20B8 7<VAB>2=VABь 

B0 AB8;VAB8G=C 2V4?>2V4=VABь B5:ABC, I> @>18Bь 9>3> =04728G09=> FV==8< 

V=AB@C<5=B>< 2 ?@>F5AV >FV=N20==O. 

#@8 >FV=FV O:>ABV ?5@5D@07C20==O, ChatGPT-3.5 <>65 0=0;V7C20B8 =5 BV;ь:8 

;5:A8G=C 2V4?>2V4=VABь <V6 >@83V=0;ь=8< B5:AB>< B0 9>3> ?5@5D@07>20=8< 

20@V0=B><, 0;5 9 3;81H5 @>7C<VB8 AB@C:BC@=C B0 A5<0=B8G=C 73C@B>20=VABь. *5 

>7=0G0є, I> <>45;ь 740B=0 @>73;O40B8, G8 715@V30єBьAO ?5@2VA=89 A5=A, G8 

28:>@8AB>2CNBьAO 045:20B=V A8=>=V<8, B0 G8 є 7<V=8 2 B5:ABV 2V4?>2V4=8<8 4> 

:>=B5:ABC. 

-> AB>ACєBьAO 28?@02;5==O ?><8;>:, ChatGPT-3.5 <0є <>6;82VABь 28O2;OB8 

B0 28?@02;OB8 H8@>:89 A?5:B@ ?><8;>:, 2V4 ?@>AB8E >@D>3@0DVG=8E 4> A:;04=8E 

3@0<0B8G=8E AB@C:BC@. *5 @>18Bь 9>3> V450;ь=8< V=AB@C<5=B>< 4;O >FV=:8 O:>ABV 

@>1>B8 V=H8E A8AB5<, O:V A?5FV0;V7CNBьAO =0 3@0<0B8G=><C 28?@02;5==V. 

�>;8 <>20 945 ?@> A?@>I5==O B5:ABC, ChatGPT-3.5 <>65 >FV=8B8, =0A:V;ь:8 

5D5:B82=> B5:AB 1C;> A?@>I5=>, =5 2B@0G0NG8 ?@8 Fь><C :;NG>2>3> 7<VABC B0 ACBV 

?>2V4><;5==O.  >45;ь <>65 ?5@52V@8B8, G8 1C;8 A:;04=V D@078 B0 B5@<V=8 70<V=5=V 

1V;ьH 4>ABC?=8<8 0=0;>30<8, 0 B0:>6 G8 715@565=0 ;>3VG=0 ?>A;V4>2=VABь V459. 

�0;V, 206;82>N G0AB8=>N 4>A;V465==O є ?>@V2=O==O @57C;ьB0BV2, >B@8<0=8E 

ChatGPT-3.5, 7 28E>40<8 V=H8E <>45;59 01> A8AB5<. *5 4>72>;Oє =5 BV;ь:8 

287=0G8B8 @V25=ь :><?5B5=B=>ABV ChatGPT-3.5 C :>=B5:ABV :>6=>W :>=:@5B=>W 

7040GV, 0;5 9 7@>7C<VB8, O: @V7=V ?V4E>48 2?;820NBь =0 :V=F5289 @57C;ьB0B. 

З3V4=> 7 VA=CNG8<8 4>A;V465==O<8, ?V4 G0A 28:>@8AB0==O ChatGPT 4;O 

>FV=N20==O O:>ABV @>1>B8 V=H8E A8AB5< <>6CBь 28=8:0B8 ?52=V >1<565==O. 

"4=VєN 7 >A=>2=8E ?@>1;5< є B5, I> ChatGPT <>65 ?@0FN20B8 AC1>?B8<0;ь=> ?@8 

?@O<><C 28AB02;5==V >FV=>:. *5 ?>2'O70=> 7 9>3> 740B=VABN 4> 35=5@0FVW B5:ABC =0 
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>A=>2V 25;8G57=>3> <0A82C 40=8E, 0;5 =5 702648 7 <>6;82VABN B>G=> >FV=8B8 

=N0=A8 G8 O:VABь F8E 28E>4V2 7 B>G:8 7>@C AB>@>==ь>W A8AB5<8. 

' 72'O7:C 7 F8<, ?>?0@=5 ?>@V2=O==O 28ABC?0є O: 7=0G=> =04V9=VH89 <5B>4. 

#@8 ?>?0@=><C ?>@V2=O==V 42V A8AB5<8 >FV=NNBьAO =0 >A=>2V WE=VE 2V4?>2V459 =0 

>4=5 9 B5 A0<5 70?8B0==O G8 70240==O, 4>72>;ONG8 157?>A5@54=ь> ?>@V2=OB8 WE=N 

?@>4C:B82=VABь. &0:89 ?V4EV4 4>72>;Oє C=8:=CB8 ?>B5=FV9=8E ?@>1;5< 

AC1'є:B82=>ABV, O:V <>6CBь 28=8:=CB8 ?@8 28:>@8AB0==V >4=VєW A8AB5<8 4;O 

>FV=N20==O V=H>W. 

�>40B:>2>, I>1 C=8:=CB8 ?>78FV9=>3> C?5@5465==O, 206;82> 28?04:>2> 

287=0G0B8 ?>78FVW 4;O :>6=>3> :0=4840B0 2 ?@>F5AV >FV=N20==O. #>78FV9=89 

C?5@5465==O <>65 28=8:=CB8, O:I> >4=0 A8AB5<0 702648 >FV=NєBьAO ?5@H>N, 

>A:V;ь:8 F5 <>65 =5A2V4><> 2?;820B8 =0 >FV=:C O:>ABV. �8?04:>25 @>7<VI5==O 

:0=4840BV2 30@0=BCє, I> :>6=0 A8AB5<0 <0є @V2=V H0=A8 1CB8 >FV=5=>N ?5@H>N 01> 

>AB0==ь>N, I> 7<5=HCє @878: ?>78FV9=>3> C?5@5465==O. 

*59 ?V4EV4 4>72>;Oє 1V;ьH B>G=> 287=0G8B8 A8;ь=V B0 A;01:V AB>@>=8 :>6=>W 

A8AB5<8 2 :>=B5:ABV :>=:@5B=8E 7040G. !0?@8:;04, >4=0 A8AB5<0 <>65 1CB8 1V;ьH 

5D5:B82=>N C 28?@02;5==V 3@0<0B8G=8E ?><8;>:, B>4V O: V=H0 <>65 :@0I5 

A?@02;OB8AO 7 ?5@5D@07C20==O< 01> A?@>I5==O< B5:ABC. �8:>@8AB0==O ?>?0@=>3> 

?>@V2=O==O 40є <>6;82VABь >1'є:B82=> >FV=8B8 FV 0A?5:B8 B0 28O28B8, O:0 A8AB5<0 

:@0I5 28:>=Cє ?52=V 70240==O. 

�;O ?>?0@=>3> ?>@V2=O==O A8AB5< 7 28:>@8AB0==O< A8AB5<8-O:>@O (=5E09 F5 

1C45 A8AB5<0 č), 28 <>65B5 28:>@8AB>2C20B8 =0ABC?=C D>@<C;C 4;O ?>@V2=O==O 
42>E A8AB5< (=5E09 F5 1C4CBь A8AB5<0 1 ć1 V A8AB5<0 2 ć2). "A=>2=0 V45O ?>;O30є 2 
B><C, I>1 ?>@V2=OB8, O: G0AB> :>6=0 A8AB5<0 "?5@5<030є" 01> "?@>3@0є" 2 

?>@V2=O==V 7 A8AB5<>N-anchor. 

1. #>@0EC20B8 :V;ь:VABь ?5@5<>3 ?@>B8 O:>@O: �;O :>6=>W A8AB5<8 ć1 V ć2, 

=5>1EV4=> ?>@0EC20B8 :V;ь:VABь 28?04:V2, :>;8 A8AB5<0 ?>:070;0 :@0IV 

@57C;ьB0B8, =V6 anchor A8AB5<0 č. *5 <>6=0 28@078B8 O: ċ(ć1, č) V ċ(ć2, č), 

45 ċ >7=0G0є :V;ь:VABь ?5@5<>3. 
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2. #>@0EC20B8 :V;ь:VABь ?>@07>: ?@>B8 O:>@O: �=0;>3VG=>, ?>B@V1=> 

?>@0EC20B8 :V;ь:VABь 28?04:V2, :>;8 :>6=0 A8AB5<0 ?>:070;0 3V@HV 

@57C;ьB0B8, =V6 A8AB5<0-O:V@. *5 <>6=0 28@078B8 Ā(ć1, č) V Ā(ć2, č), 45 Ā 

>7=0G0є :V;ь:VABь ?>@07>:. 

3. $>7@0EC=>: 7030;ь=>3> @59B8=3C: �0;V =5>1EV4=> >1G8A;8B8 @59B8=3 
:>6=>W A8AB5<8 2V4=>A=> O:>@O, 28:>@8AB>2CNG8 D>@<C;C: 

Ć(ć) = ċ(ć, č)ċ(ć, č) + Ā(ć, č) 

45 Ć(ć) - F5 @59B8=3 A8AB5<8 ć 2V4=>A=> O:>@O. 

4. #>@V2=O==O @59B8=3V2: �0;V AB0є <>6;82> ?>@V2=OB8 @59B8=38 Ć(ć1) V  Ć(ć2). %8AB5<0 7 28I8< @59B8=3>< 22060єBьAO 1V;ьH 5D5:B82=>N C 
?>@V2=O==V 7 O:V@=>N A8AB5<>N. 

5. %B0B8AB8G=89 0=0;V7: З0;56=> 2V4 :V;ь:>ABV 40=8E, <>6=0 B0:>6 
70AB>AC20B8 AB0B8AB8G=V <5B>48 4;O ?5@52V@:8 7=0GCI>ABV @V7=8FV <V6 

@59B8=30<8. 

 

*59 <5B>4 4>72>;Oє =5 BV;ь:8 287=0G8B8, O:0 A8AB5<0 :@0I5 ?@0FNє C 

?>@V2=O==V 7 O:V@=>N A8AB5<>N, 0;5 9 =040є :V;ь:VA=C >FV=:C FVєW 5D5:B82=>ABV. 

&0:89 ?V4EV4 <>65 1CB8 >A>1;82> :>@8A=8<, :>;8 28 E>G5B5 ?>@V2=OB8 A8AB5<8, O:V 

28:>=CNBь ?>4V1=V 70240==O, 0;5 @>7@>1;5=V 70 @V7=8<8 ?@8=F8?0<8 G8 

B5E=>;>3VO<8. 

�;O 2@0EC20==O 2AVE B@ь>E 7040G ?8Aь<>2>3> 0A8AB5=BC, =5>1EV4=> ?@>30=OB8 

2EV4=89 B5:AB G5@57 :>6=C 7 =8E V 40;V ?@>A8B8 ChatGPT 7@>18B8 >FV=:C :>6=>W 7 

?5@5?8AC20=ь ?@>B8 O:>@O, ?5@540NG8 ?0@0;5;ь=> >?8A 7040GV, 018 <>45;ь 7=0;0 =0 

I> 725@B0B8 C203C. 

&0:8< G8=><, E>G0 ChatGPT-3.5 є ?5@H 70 2A5 ?>BC6=8< V=AB@C<5=B>< 4;O 

35=5@0FVW B5:ABC, 28:>@8AB0==O O:V@=>3> ?>?0@=>3> ?>@V2=O==O 7 28?04:>28< 

287=0G5==O< ?>78FV9 :0=4840BV2 є G0AB> 1V;ьH =04V9=8< <5B>4>< 4;O >FV=:8 O:>ABV 
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@V7=8E A8AB5< ?8Aь<>2>3> 0A8AB5=B0 C ?>@V2=O==V 7 VA=CNG8<8 02B><0B8G=8<8 

<5B@8:0<8 =0 DV:A>20=8E =01>@0E 40=8E. "A>1;82> F5 AB>ACєBьAO B>3>, :>;8 <>20 

945 ?@> B>G=VABь B0 >1'є:B82=VABь >FV=:8.  

 

3.2 �5=5@0FVO A8=B5B8G=8E 28?@02;5=ь 25;8:8<8 <>2=8<8 <>45;O<8 4;O 
?>40;ьH>W 48AB8;OFVW  

 !0ABC?=8< :@>:>< C ?>1C4>2V ?8Aь<>2>3> 0A8AB5=BC є 284>1C20==O O:VA=8E 

B@5=C20;ь=8E 40=8E 704;O B>3> I>1 <>45;ь, ?@54AB02;5=0 C @>1>BV, <0;0 28A>:89 

@V25=ь O:>ABV 735=5@>20=8E ?5@5?8AC20=ь.  

�5=5@0FVO A8=B5B8G=8E 40=8E 70 4>?><>3>N 25;8:8E <>2=8E <>45;59, B0:8E 

O: ChatGPT-3.5, 2V4:@820є =>2V <>6;82>ABV 4;O 4>A;V465=ь C AD5@V HBCG=>3> 

V=B5;5:BC B0 >1@>1:8 ?@8@>4=>W <>28. *O B5E=V:0 4>72>;Oє AB2>@N20B8 25;8:V 

=01>@8 40=8E, O:V <>6CBь 1CB8 28:>@8AB0=V 4;O B@5=C20==O B0 24>A:>=0;5==O 

<>45;59 <0H8==>3> =02G0==O (48AB8;OFVO 40=8E), 7>:@5<0 2 :>=B5:ABV ?8Aь<>28E 

0A8AB5=BV2. 

 ' FV9 48A5@B0FV9=V9 @>1>BV 28:>@8AB0=> ChatGPT-3.5 4;O 35=5@0FVW 

?5@5?8AC20=ь >:@5<> 4;O B@ь>E >A=>2=8E 7040G0E: 28?@02;5==V 3@0<0B8G=8E B0 

>@D>3@0DVG=8E ?><8;>:, A?@>I5==V B5:ABC B0 ?5@5D@07C20==V. /: 2EV4=V 40=V 1C;> 

28:>@8AB0=> VA=CNGV =01>@8 40=8E, I> 70157?5GCє 206;82V C<>28:  

• B5:AB 4;O 7040GV 28?@02;5==O ?><8;>: <0є >?8A:8 V 2V4?>2V4=> <>65 1CB8 

ACBBє2> 28?@02;5=89; 

• B5:AB 4;O 7040GV A?@>I5==O B5:ABC <VABOBь A:;04=V 0:045<VG=V 01> B5E=VG=V 

B5@<V=V V <>6CBь 1CB8 2V4?>2V4=> A?@>I5=V. 

&0:89 ?V4EV4 4>72>;Oє =5 BV;ь:8 H284:> AB2>@8B8 25;8:89 >1AO3 @5;520=B=8E 

40=8E, 0;5 9 70157?5G8B8 WE @V7=><0=VB=VABь B0 A:;04=VABь. 

�=0;>3VG=>, ;8H0єBьAO <>6;82VABь V 35=5@C20B8 B5:AB B0:>6 70 4>?><>38 

25;8:>W <>2=>W <5@56V. �;O 28?@02;5==O 3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>: 

<>6=0 28:>@8AB>2C20B8 ChatGPT-3.5 4;O AB2>@5==O B5:ABV2 7 ?><8;:0<8. �EV4=89 

B5:AB (prompt) <>65 283;O40B8 B0:: "Write a short paragraph on the topic of ecology, 
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including specific grammatical errors". &0:89 B5:AB ?>BV< <>6=0 28:>@8AB>2C20B8 O: 

2EV4=V 40=V 4;O A8AB5<8, O:0 A?5FV0;V7CєBьAO =0 28?@02;5==V ?><8;>:. 

' 7040GV A?@>I5==O B5:ABC ChatGPT-3.5 <>65 35=5@C20B8 A:;04=V 0170F8, O:V 

?>BV< ?>B@51CNBь A?@>I5==O. Prompt <>65 1CB8 B0:8<: "Create a detailed description 

of quantum physics for experts in the field", 0 ?>BV< F59 B5:AB <>65 1CB8 28:>@8AB0=89 

4;O AB2>@5==O A?@>I5=>W 25@AVW. 

�BV<, C @0<:0E 48A5@B0FV9=>W @>1>B8 1C;> 28:>@8AB0=> ?5@H89 ?V4EV4, 45 

<>45;ь 35=5@C20;0 ;8H5 ?5@5?8AC20==O, 0 O: 2EV4=V @5G5==O 28:>@8AB>2C20;8AO 

VA=CNGV 25;8:V =01>@8 7040G, 735=5@>20=V =0?V202B><0B8G=>. �81V@ B0:>3> ?V4E>4C, 

45 <>45;ь ChatGPT-3.5 28:>@8AB>2CєBьAO 4;O 35=5@0FVW ;8H5 ?5@5?8AC20=ь, <0є 

?52=V ?5@52038.  

#>-?5@H5, F5 4>72>;Oє 70157?5G8B8 28A>:C O:VABь 2EV4=8E 40=8E, >A:V;ь:8 

2>=8 107CNBьAO =0 @50;ь=8E V 265 VA=CNG8E B5:AB0E. #>-4@C35, F5 A?@8Oє AB2>@5==N 

@V7=><0=VB=8E V A:;04=8E AF5=0@VW2, O:V <>6CBь 1CB8 28:>@8AB0=V 4;O 3;81H>3> 

B@5=C20==O V 24>A:>=0;5==O <>45;V. !0?@8:;04, 2EV4=V 40=V 4;O 7040GV 28?@02;5==O 

?><8;>: <>6CBь <VAB8B8 B5:AB 7 @V7=8<8 @V2=O<8 A:;04=>ABV V @V7=8<8 B8?0<8 

?><8;>:, I> 40є <>6;82VABь <>45;V 040?BC20B8AO 4> H8@>:>3> A?5:B@C 28?04:V2 

28:>@8AB0==O. 

 �06;828< 0A?5:B>< 28:>@8AB0==O A8=B5B8G=8E 40=8E є WE=є ?>40;ьH5 

?5@52V@5==O B0 20;V40FVO. )>G0 ChatGPT-3.5 є ?>BC6=>N <>45;;N, 2>=0 2A5 6 <>65 

35=5@C20B8 28EV4=V 40=V, I> <VABOBь =5B>G=>ABV 01> =5V450;ь=V ?5@5?8AC20==O. 

&><C, 2 V450;ь=><C AF5=0@VW, 206;82> 2:;NG0B8 :@>: ?5@52V@:8 O:>ABV A8=B5B8G=8E 

40=8E. 

 �@V< B>3>, ?@8 28:>@8AB0==V A8=B5B8G=8E 40=8E A;V4 1CB8 C206=8<8 4> 

?>B5=FV9=>3> 22545==O C?5@5465=>ABV.  >45;V, O: ChatGPT-3.5, =02G5=V =0 25;8:8E 

>1AO30E B5:ABV2, <>6CBь 2V4>1@060B8 VA=CNGV C?5@5465==O 2 F8E B5:AB0E. &0:8< 

G8=><, 206;82> 70157?5G8B8, I>1 =01V@ 40=8E 4;O B@5=C20==O 1C2 @V7=><0=VB=8< 

B0 710;0=A>20=8<, I>1 C=8:=CB8 ?>A8;5==O F8E C?5@5465=ь C 20HV9 C=V25@A0;ь=V9 

<>45;V. 
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&01;8FO 3.2 3 "?8A8 7040GV A?@>I5==O B5:ABC 4;O ChatGPT-3.5 V A5@54=O >FV=:0  

"?8A 7040GV "FV=:0 

Please simplify the following text to make it easier to understand: 4.5 

Rewrite this paragraph in simpler terms for a younger audience: 4.8 

Convert the following complex text into simple, straightforward language: 4.6 

Simplify this text to make it more accessible for non-native English 

speakers: 

4.7 

Transform the following content into easy-to-understand language: 4.0 

Rewrite this passage using simpler vocabulary and sentence structures: 4.2 

Make the following text less complex and more straightforward: 4.3 

 

&01;8FO 3.3 3 "?8A8 7040GV 28?@02;5==O 3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>: 

B5:ABC 4;O ChatGPT-3.5 V A5@54=O >FV=:0  

"?8A 7040GV "FV=:0 

Correct grammar for the following text: 4.1 

Identify and fix any grammatical mistakes in this paragraph: 3.8 

Revise this text to correct any grammatical errors: 3.7 

Edit the following sentences for proper grammar and syntax: 4.0 

Rectify any grammatical inaccuracies in this text: 3.6 

Improve this text by correcting only necessary grammatical errors: 4.5 

Amend the following passage to fix essential grammar issues: 4.3 

 

&01;8FO 3.4 3 "?8A8 7040GV ?5@5D@07C20==O 4;O ChatGPT-3.5 V A5@54=O >FV=:0  

"?8A 7040GV "FV=:0 

Rewrite the following text with different wording but the same meaning: 4.5 

Paraphrase this paragraph to convey the same message in a different way: 4.8 

Rephrase the following sentences while maintaining their original intent: 4.6 

Alter the wording of this text to express the same idea differently: 4.3 
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Change the structure and words of the following passage but keep the same 

meaning: 

4.7 

Provide a different version of this text with the same context and message: 4.2 

Reword this content while preserving its original concept and information: 4.4 

 

"B65, C @0<:0E 48A5@B0FV9=>W @>1>B8 1C;> ?>1C4>20=> 3 A8=B5B8G=8E =01>@8 

40=8E 4;O :>6=>W 7 7040G ?8Aь<>2>3> 0A8AB5=BC: 7040GV 28?@02;5==O 3@0<0B8G=8E V 

>@D>3@0DVG=8E ?><8;>:, A?@>I5==O B0 ?5@5D@07C20==O B5:ABC. �;O :>6=>W 7040GV 

27OB> ?> 10 000 2EV4=8E @5G5=ь 7 VA=CNG8E =01>@V2 40=8E: ParaNMT 4;O 

?5@5D@07C20==O B5:ABC, WikiAll 4;O A?@>I5==O B5:ABC B0 Lang8 4;O 7040GV 

28?@02;5==O ?><8;>:.  

!01>@8 40=8E 1C;8 ?@>DV;ьB@>20=V 2V4 =5O:VA=8E (garbage) @5G5=ь, 40;V 

281@0=V 28?04:>28< G8=><, I>1 2V4?>2V40B8 281@0=V9 :V;ь:>ABV. �0;V 4;O :>6=>W 

7040GV 1C;> 28:>@8AB0=> ?> 7 B5:ABV2 7 >?8A>< 7040GV (prompts). �0;V =0 20-B8 

?@8:;040E 1C;> 2@CG=C >FV=5=> O:VABь ?5@5?8AC20=ь ?> H:0;V 2V4 1 4> 5.  

*5 1C;> 7@>1;5=> 7 <5B>N 287=0G5==O >?8AV2, O:V ?V4E>4OBь 4;O 35=5@0FVW 

B@5=C20;ь=8E ?@8:;04V2 =09:@0I8< G8=><, 28:>@8AB>2CNG8 25;8:C <>2=C <>45;ь 

ChatGPT. 

/: <>6=0 ?>10G8B8 7 40=8E C B01;8FO 3.2-3.4 1V;ьHVABь prompts ?@0FNє 

4>2>;V 4>1@5 V ChatGPT-3.5 28:>=Cє 30@=C @>1>BC 2 =570;56=>ABV 2V4 B>3>, O: 

AD>@<>20=0 7040G0, E>G0 9 2A5 6 9 VA=Cє @V7=8FO. �8=OB:>< є ;8H5 7040G0 

28?@02;5==O ?><8;>:; A?@020 C B><C, I> 25;8:0 :V;ь:VABь ?5@5?8AC20=ь :@V< 

2;0A=5 28?@02;5==O 3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>: B0:>6 

?5@5D@07>2CNBь B5:AB, I> є 28E>48Bь ?>70 @0<:8 7040GV. З <5B>N 28?@028B8 F5 

>1@0=V >?8A8 O:V =03>;>HCNBь =0 28?@02;5==V ;8H5 >1>2’O7:>28E ?><8;>:. %0<5 

2>=8 9 >B@8<0;8 =09:@0IV >FV=:8. 

#VA;O 281>@C =09:@0I>3> >?8AC 7040GV 4;O <>45;V 73V4=> >FV=N20==O, 

28:>@8AB>2CNG8 OpenAI API 1C;> C 02B><0B8G=><C @568<V =04VA;0=> 10 000 

B5:ABV2 4;O :>6=>W 7040GV. %5@54=O :V;ь:VABь GPT-3.5 B>:5=V2 =0 70?8B, 2 70;56=>ABV 
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2V4 @5G5==O 1C;0 ?@81;87=> 60 B>:5=V2 C AC<V (35=5@0FVO 1V;O 25-B8). !0 G0A 

=0?8A0==O 48A5@B0FV9=>W @>1>B8 AC<0@=0 20@BVABь 35=5@0FVW A:;0;0 1;87ь:> 10 USD, 

I> 4>2>;V 45H52> 4;O 30 000 ?5@5?8AC20=ь. 

#@8:;04 4V0;>3C: 

User: Rewrite this paragraph in simpler terms for a younger audience:  

Stanford has been widely considered to be one of the most prestigious universities in the 

entire world. 

ChatGPT: Stanford is known as one of the best universities in the world. 

&0:>6 20@B> 707=0G8B8, I> <>45;ь =5 702648 35=5@Cє ;8H5 ?5@5?8AC20==O, 0 

G0AB> I5 4V0;>3>2V ?>2V4><;5==O =0 :HB0;B <Sure. Here’s your text: <TEXT>= 01> 

<The revised version: <TEXT>. The edits that were made by the system: &=. &>1B> 

?>B@V1=> I5 28BO3=CB8 7 2V4?>2V4V <>45;V A0<5 ?5@5?8AC20=89 B5:AB. !5?>30=> 

?@0FNNBь 52@8AB8:8, B0:V O: 2818@0B8 AB@>:C ?VA;O 42>:@0?:8 C ?>?5@54=ь><C 

@O4:C, B>I>.  �;5 2>=8 2A5 6 =5 40NBь 30@0=B>20=>3> @57C;ьB0BC. 

�;O 28@VH5==O ?@>1;5<8 1C;> 70?@>?>=>20=> 2 ?V4E>48: 

• A0<>ABV9=> 4>4020B8 <The revised version:= O: G0AB8=C 2V4?>2V4V 0A8AB5=BC. ' 

Completion API VA=Cє <>6;82VABь 4020B8 <>45;V ?@>4>26C20B8 A2>N 2;0A=C 

@5?;V:C, <0NG8 ?>?5@54=N VAB>@VN. &0:8< ?V4E>4>< <8 =V18 7<CHCє<> 

<>45;ь ?>G0B8 2V4?>2V4ь ?52=8< G8=><; 

• 28:>@8AB>2C20B8 V=AB@C<5=B functions. *O DC=:FVO 4>72>;Oє 30@0=B>20=> 

>B@8<C20B8 JSON D09; ?52=>3> D>@<0BC C 2V4?>2V4ь. �>@8ABC20G <0є 

<>6;82VABь 7040B8 ?>;O B0 45B0;ь=> >?8A0B8 :>6=5 7 =8E. ' =0H><C 28?04:C 

281C45<> 28:>@8AB>2C20B8 =0ABC?=C AE5<C: 

 

 

"18420 ?V4E>48 ?@>45<>=AB@C20;8 28A>:5 ?>:@8BBO «284>1CB>3>» B5:ABC 

?5@5?8AC20=ь. З04;O =04V9=>ABV V 5:>=><VW B>:5=V2 1C;> 28@VH5=> 28:>@8AB>2C20B8 

?V4EV4 7 JSON AE5<>N. 
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�0;V 735=5@>20=V =01>@8 40=8E 1C4CBь 7304C20B8AO O: ParaphraseGPT, 

SimplifyGPT B0 CorrectGPT 4;O 7040G ?5@5D@07C20==O, A?@>I5==O B5:ABC B0 

28?@02;5==O ?><8;>: 2V4?>2V4=>, 01> AssistGPT, I>1 73040B8 2AV 30 B8AOG 

A8=B5B8G=8E ?@8:;04V2. ' ?>40;ьH8E @>74V;0E 1C45 @>73;O=CB0 O:VABь 

735=5@>20=>3> =01>@C 40=8E 7 B>G:8 7>@C O:>ABV @>1>B8 =59@>==8E <5@56 

=0B@5=>20=8E 7 WE 28:>@8AB0==O<.  

' ?V4AC<:C, V=B53@0FVO ChatGPT-3.5 2 ?@>F5AV AB2>@5==O A8=B5B8G=8E 40=8E 

4;O B@5=C20==O ?8Aь<>2>3> 0A8AB5=B0 є AB@0B53VG=8< 281>@><. *59 ?V4EV4 4>72>;Oє 

AB2>@N20B8 1V;ьH >1'є<=V B0 @V7=><0=VB=V B@5=C20;ь=V =01>@8 40=8E 70 045:20B=V 

3@>H>2V 28B@0B8, I> є :;NG>28< 4;O @>7@>1:8 28A>:>5D5:B82=>W B0 040?B82=>W 

<>45;V.  

 

3.3 &@5=C20==O A?5FV0;V7>20=8E =59@>==8E <5@56 7 >3;O4C =0 281V@ 
0@EVB5:BC@8  

�81V@ 0@EVB5:BC@8 =59@>==>W <5@56V B0 203V2 (C 28?04:C ?>?5@54=ь> 

=0B@5=>20=>W <>45;V) є >4=8< 7 :;NG>28E 5;5<5=BV2 C @>7@>1FV 5D5:B82=8E A8AB5< 

>1@>1:8 ?@8@>4=>W <>28, 7>:@5<0, ?@8 AB2>@5==V ?8Aь<>2>3> 0A8AB5=B0. *5 

@VH5==O <0є 7=0G=89 2?;82 =0 7030;ь=C ?@>4C:B82=VABь, B>G=VABь B0 040?B82=VABь 

A8AB5<8 4> :>=:@5B=8E 7040G. 

�@EVB5:BC@0 =59@>==>W <5@56V 287=0G0є 7030;ь=C AB@C:BC@C <>45;V, 

2:;NG0NG8 :V;ь:VABь H0@V2, B8?8 H0@V2 (?>2=>72'O7=V, 73>@B:>2V, @5:C@5=B=V, 

B@0=AD>@<5@8), B0 A?>AV1, O:8< FV H0@8 270є<>4VNBь. #@028;ь=89 281V@ 

0@EVB5:BC@8 є :@8B8G=8< 4;O 70157?5G5==O 740B=>ABV <>45;V 5D5:B82=> 2G8B8AO B0 

040?BC20B8AO 4> A?5F8DV:8 7040G, B0:8E O: 28?@02;5==O ?><8;>:, A?@>I5==O 

B5:ABC, 01> ?5@5D@07C20==O. ' $>74V;V 2 <8 45B0;ь=> @>73;O=C;8 B8?8 =59@>==8E 

<5@56 B0 O: 2>=8 ?@0FNNBь. 

�038 <>45;V B0:>6 є 206;828<8. #>?5@54=ь> =0B@5=>20=V <>45;V <>6CBь 

7=0G=> ?@8A:>@8B8 ?@>F5A =02G0==O <>45;V B0 ?>:@0I8B8 WW 740B=VABь 4> 

35=5@0;V70FVW. !0?@8:;04, GPT-3 01> BERT, O:V 1C;8 =0B@5=>20=V =0 25;8:8E 
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=01>@0E 40=8E, <>6CBь =040B8 ?>?5@54=є @>7C<V==O <>28, I> є =04728G09=> 

:>@8A=8< 4;O 1V;ьH>ABV 7040G >1@>1:8 B5:ABC. *5 >A>1;82> 206;82> C 28?04:0E, 

:>;8 4;O B@5=C20==O <>45;V =54>AB0B=ь> 2;0A=8E 40=8E. 

' B>9 65 G0A, 28:>@8AB0==O ?>?5@54=ь> =0B@5=>20=8E 203V2 B0:>6 <0є A2>W 

28:;8:8. "4=8< 7 =8E є <>6;82VABь C?5@5465=>ABV 01> 0@EVB5:BC@=V >1<565==O, O:V 

<>3;8 1CB8 2=5A5=V 2 FV <>45;V ?V4 G0A WE=ь>3> ?5@28==>3> =02G0==O. &0:5 

C?5@5465==O <>65 1CB8 =5>G5284=8<, 0;5 2>=> <>65 7=0G=> 2?;8=CB8 =0 28EV4=V 

@57C;ьB0B8. &><C 206;82> ?@>2>48B8 4>40B:>2C 20;V40FVN B0 B5ABC20==O <>45;V, 

I>1 70157?5G8B8 WW =04V9=VABь B0 >1'є:B82=VABь. 

' O:>ABV ?5@H>3> 5B0?C <8 1C45<> B@5=C20B8 >:@5<V <>45;V ?V4 :>=:@5B=V 

7040GV. *59 :@>: ?>B@V15= 704;O B>3>, I>1 7@>7C<VB8, 45 <8 7=0E>48<>AO 2V4=>A=> 

VA=CNG8E ?@0Fь 7 B>G:8 7>@C O:>ABV. &0:>6 206;828< 0A?5:B>< є O: 1030B> V G8 

27030;V 2B@0B8Bь C=V25@A0;ь=0 <>45;ь, 740B=0 28@VHC20B8 2AV 7040GV, 2V4=>A=> 

>:@5<8E <>45;59.  

' O:>ABV 107>28E <>45;59, O: <8 1C45<> @>73;O40B8 4 <>45;V: 

• LSTM 7 C203>N Luong 3 5:>45@-45:>45@ @5:C@5=B=0 =59@>==0 <5@560 7 

<>48DV:>20=8< 0;3>@8B<>< C2038 4;O 72’O7:C <V6 5=:>45@>< B0 45:>45@><, 

3 H0@0<8 O: 4;O :>4C20==O B0 45:>4C20==O B0 ?@8E>20=8< H0@>< C 512 

=59@>=V2, word2vec 4;O BPE ?@54AB02;5=ь 7 A;>2=8:0; 

• ?>2=VABN 73>@B:>20 =59@>==0 <5@560 3 5:>45@-45:>45@ CNN 7 4-<0 H0@0<8 7 

@>7<V@>< O4@0 512 =59@>=8 B0 H8@8=>N C 3 B>:5=8, 2-<0 H0@0<8 7 @>7<V@>< 

O4@0 1024 B0 H8@8=>N 3, 1-< H0@>< 7 @>7<V@>< O4@0 512 B0 H8@8=>N 2048 B0 

H8@8=>N 1, word2vec 4;O BPE ?@54AB02;5=ь 7 A;>2=8:0; 

• 107>20 <>45;ь B@0=AD>@<5@ 3 5:>45@-45:>45@ 7 2V4?>2V4=>N 0@EVB5:BC@>N: 6 

H0@V2 O: 4;O :>4C20==O B0 45:>4C20==O, ?@8E>20=8< H0@>< C 512 =59@>=V2, 

fast forward H0@>< 2048, word2vec 4;O BPE ?@54AB02;5=ь 7 A;>2=8:0; 

• 107>20 <>45;ь BART 3 ?>?5@54=ь> =0B@5=>20=0 <>45;ь 107>2>W 0@EVB5:BC@8 

B@0=AD>@<5@ 7 B@>E8 1V;ьH8< ?@8E>20=8< H0@>< 768 =0 7040GV "denoising" 3 
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2V4=>2;5==V B5:ABC, 45 2 ?@>F5AV =02G0==O <>45;V ?>40єBьAO ?>G0B:>289 B5:AB 

V7 28?04:>2> 7<V=5=8<8 01> 2840;5=8<8 G0AB8=0<8. 

'AV <>45;V <0NBь AE>6C :V;ь:VABь ?0@0<5B@V2 (1;87ь:> 110 <V;ь9>=V2), 0 B><C 

?>@V2=O==O <V6 =8<8 є G5A=8< 7 B>G:8 7>@C @>7<V@C <>45;59. 

&0:89 281V@ @>7<V@ >1ґ@C=B>20=89 B8<, I> FV;ь FVєW @>1>B8 7=09B8 10;0=A C 

@>7<V@V <>45;59 <V6 ?>BC6=VABN (O:VABN) B0 H284:VABN @>1>B8 (5D5:B82=VABN). 

�V;ьHV <>45;V, E>G0 9 <>6CBь 1CB8 ?>BC6=VH8<8 C 28@VH5==V ?52=8E 7040G, G0AB> 

28<030NBь 7=0G=> 1V;ьH5 >1G8A;N20;ь=8E @5AC@AV2 B0 G0AC 4;O =02G0==O B0 

28:>@8AB0==O. *5 <>65 1CB8 =5?@89=OB=8< C A5@54>28I0E 7 >1<565=8<8 

@5AC@A0<8 01> :>;8 H284:VABь 2V43C:C є :@8B8G=>N. 

З V=H>3> 1>:C, <5=HV <>45;V, E>G0 9 <5=H ?>BC6=V, =040NBь ?5@5203C C 

H284:>ABV B0 5:>=><VG=>ABV, I> @>18Bь WE 1V;ьH ?@8201;828<8 4;O 70AB>AC20=ь C 

@50;ь=><C G0AV B0 C A5@54>28I0E 7 >1<565=8<8 >1G8A;N20;ь=8<8 <>6;82>ABO<8. 

"4=0:, 206;82> 707=0G8B8, I> =02VBь ?@8 >4=0:>2V9 :V;ь:>ABV ?0@0<5B@V2, @V7=V 

0@EVB5:BC@8 <>6CBь <0B8 @V7=C ?@>4C:B82=VABь C A?5F8DVG=8E 7040G0E. *5 

?>2'O70=> 7 B8<, I> 0@EVB5:BC@0 B0 A?>AV1 =02G0==O <>45;V VAB>B=> 2?;820NBь =0 B5, 

O: <>45;ь <>65 2G8B8AO B0 040?BC20B8AO 4> @V7=8E B8?V2 40=8E. 

&><C, ?V4 G0A 281>@C <>45;V 4;O :>=:@5B=>W 7040GV, 206;82> 2@0E>2C20B8 =5 

BV;ь:8 :V;ь:VABь ?0@0<5B@V2, 0;5 9 A?5F8DV:C 7040GV, =0O2=VABь 40=8E B0 

>1G8A;N20;ь=V @5AC@A8. *5 4>?><>65 70157?5G8B8, I> 281@0=0 <>45;ь >?B8<0;ь=> 

2V4?>2V40є ?>B@510< 7040GV B0 A5@54>28I0, 2 O:><C 2>=0 1C45 28:>@8AB>2C20B8AO. 

 

&01;8FO 3.5 3 "1@0=V =59@><5@5652V 0@EVB5:BC@8 <>45;59  

 >45;ь 
�V;ь:VABь 

H0@V2 

#@8E>20=89 

H0@ 

$>7<V@ 

A;>2=8:0 

Fast forward 

H0@ 

�V;ь:VABь 

?0@0<5B@V2 

LSTM 3 512 32 000 - 115 950 000 

Fully CNN 5 512-2048 32 000 - 106 900 000 

Transformer 6 512 50 000 2048 110 000 000 

BART 6 512 32 000 2048 139 000 000 
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�;O :>6=>W 7040GV ?>4V;8<> =01V@ 40=8E =0 B@5=C20==O B0 20;V40FVN. ' 

:>6=><C 28?04:C, 1C45<> ?>G8=0B8 7 =0ABC?=>W :>=DV3C@0FVW:  

• @>7<V@ 3@C?8 (batch size) = 32; 

• B5<? =02G0==O (learning rate) = 0.0005; 

• >?B8<V70B>@ Adam (Adam optimizer): β1 = 0.9, β2 = 0.98, ε = 1e-9; 

• :V;ь:VABь 5?>E (number of epochs) = 5; 

• >1<565==O 3@04Vє=BC (gradient clipping) = 1.0; 

• 2V4A>B>: 2V4AV2C (dropout rate) = 0.1; 

• :@>:V2 @>7V3@V2C (warm-up steps) = 4000; 

• 73;046C20==O <VB>: (label smoothing) = 0.1. 

 

�0;V 2 70;56=>ABV 2V4 O:>ABV =0 20;V40FV9=V9 281V@FV 1C45 ?V4;0HB>2C20B8 

3V?5@?0@0<5B@8.  

&5?5@, <>6=0 AD>@<C20B8 B@5=C20;ь=V =01>@8 40=8E 4;O :>6=>W 7 7040G 

?8Aь<>2>3> 0A8AB5=B0 B0 ?5@59B8 4> B@5=C20==O. 

 

3.3.1 &@5=C20==O =59@><5@5652>W <>45;V 4;O 7040GV 28?@02;5==O 3@0<0B8G=8E 
B0 >@D>3@0DVG=8E ?><8;>:  
 

&01;8FO 3.6 3 "1@0=0 :><1V=0FVO B@5=C20;ь=8E 40=8E 4;O 7040GV 28?@02;5==O 

?><8;>: 

!01V@ 40=8E 
"@83V=0;ь=0  

:-Bь ?@8:;04V2 

% 7<V=5=8E 

@5G5=ь 

"1@0=0 :-Bь 

?@8:;04V2 

Lang-8 947 344 52.5% 50 000 

FCE 34 490 62.4% 34 490 

NUCLE 56 958 38.0% 56 968 

W&I+LOCNESS 34 304 67.3% 60 000 
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 �;O 7040GV 28?@02;5==O >@D>3@0DVG=8E ?><8;>: 28:>@8AB0є<> :><1V=0FVN 

=01>@V2 40=8E >?8A0=8E C @>74V;V 1.4. *5 B@5=C20;ь=V G0AB8=8 National University of 

Singapore Corpus of Learner English (NUCLE), Lang-8 Learner Corpora, First 

Certificate in English (FCE) B0 W&I+LOCNESS. "A:V;ь:8 Lang-8 3 =091V;ьH89 =01V@ 

40=8E 7 =09<5=H>N O:VABN 0=>B0FVW, 1C;> 28@VH5=> >1<568B8 :V;ь:VABь ?@8:;04V2 

7 Fь>3> =01>@C 40=8E 4> 50 000, ?>?5@54=ь> ?@>DV;ь@C202H8 WE. W&I+LOCNESS 

=02?0:8 =091V;ьH O:VA=89, B><C 9>3> 1C45<> 28:>@8AB>2C20B8 1V;ьH 70 4>?><>3>N 

?@>F54C@8 upsample, 71V;ьH82H8 :V;ь:VABь <0965 242VGV (4> 60 000). 

 

 <E. 3.1 – $GA>JVO 6FD4F 8?O B5D4A<I @B89?9= ;V EF4A84DFA<@ A45BDB@ 

7VC9DC4D4@9FDV6 8?O ;484KV 6<CD46?9AAO CB@<?B> 

 

�0;V40FV9=V G0AB8=8 <0NBь FCE B0 W&I+LOCNESS. �E <8 1C45<> 

70AB>A>2C20B8 4;O ?V41>@C 3V?5@?0@0<5B@V2. &5AB>2V (evaluation) G0AB8=8 <0NBь 
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NUCLE B0 W&I+LOCNESS. �>=8 1C4CBь 28:>@8AB0=V 4;O >FV=:8 O:>ABV <>45;V. �;O 

NUCLE AB0=40@B=>N <5B@8:>N O:>ABV є MaxMatch, B>4V O: 4;O W&I+LOCNESS 3 

F5 ERRANT. "1842V <5B@8:8 45B0;ь=> >?8A0=V C @>74V;V 1.2. /: 7304C20;>AO C 

@>74V;V 3.1, 4;O DV=0;ь=>W :><1V=>20=>W <5B@8:8 <8 1C45<> 28:>@8AB>2C20B8 

ERRANT  =0 W&I+LOCNESS. 

  <E. 3.2 – #F<?V;4JVO 7D4HVKAB7B CDBJ9EBD4 8?O FD9AG64AAO @B89?9= 8?O 

;484KV 6<CD46?9AAO CB@<?B> 

 

�C45<> ?>G8=0B8 7 AB0=40@B=>3> =01>@C 3V?5@?0@0<5B@V2 7 ?>?5@54=ь>3> 

?V4@>74V;C. З @>7@0EC=:C =0 @>7<V@ 40=8E, :V;ь:VABь >=>2;5=ь <>45;V >15@5<> 

20 000.  

/: 10G8<>, BART-base :>=A8AB5=B=> 45<>=AB@Cє :@0IC O:VABь ?V4 G0A 

B@5=C20==O =0 B@5=C20;ь=V9 DC=:FVW 2B@0B (G8< <5=H5 7=0G5==O B8< :@0I5). !0 

4@C3><C <VAFV 7 =525;8:8< 2V4@82>< transformer-base. %E>6V @57C;ьB0B8 <0NBь 

LSTM with Luong B0 fully-convolutional <>45;ь. 
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�8:>@8AB0==O 3@0DVG=>3> V=B5@D59AC ?V4 G0A B@5=C20==O є 4>2>;V 

5D5:B82=8< 3 =0 @V2=V 80%. !5 702060NG8 =0 B5 I> ?0<’OBь 28:>@8AB>2CєBьAO 

<0965 =0 <0:A8<C< >1@0EC=:8 2A5->4=> =5 4>AO30NBь 90%. *5 <>65 1CB8 ?>2'O70=> 

7 >1<565==O<8 0?0@0B=>3> 70157?5G5==O 01> =55D5:B82=VABN 0;3>@8B<V2 

>?B8<V70FVW pyTorch [50]. ->1 ?>:@0I8B8 @57C;ьB0B8, <>6=0 A?@>1C20B8 

>?B8<V7C20B8 :5@C20==O ?0<'OBBN 01> ?5@53;O=CB8 0;3>@8B<8 B@5=C20==O. &0:>6 

20@B> @>73;O=CB8 <>6;82VABь 70AB>AC20==O @>7?>4V;5=>3> >1G8A;5==O, I> 

4>72>;8Bь @>7?>4V;8B8 =020=B065==O B0 5D5:B82=VH5 28:>@8AB>2C20B8 @5AC@A8. 

 �;O :>6=>W <>45;V 1C;> ?@>2545=> 45:V;ь:0 VB5@0FV9 7 <5B>N ?>:@0I5==O 

O:>ABV B0 1V;ьH O:VA=> ?V41>@C 3V?5@?0@0<5B@V2. "B@8<0=V =09:@0IV <>45;V 

7>1@065=V C B01;8FV 3.7.  

 

&01;8FO 3.7 3 $57C;ьB0B8 B@5=C20==O <>45;59 >1@0=8E 0@EVB5:BC@ =0 7040GV 

28?@02;5==O ?><8;>: V ?>@V2=O==O 7 VA=CNG8<8 <>45;O<8 

%8AB5<0 
NUCLE test (MaxMatch) W&I+LOCNESS test (ERRANT) 

Precision Recall F0.5 Precision Recall F0.5 

Zhao [51] 67.7 40.6 59.8 - - - 

Kiyono [52] 67.9   44.1 61.3 65.5  59.4 64.2 

GECToR 77.5    40.1 65.3 79.2 53.9 72.4 

Rothe [53] - - 68.7 - - 75.9 

CNN 66.5 40.2 58.8 65.5 52.3 62.4 

LSTM 66.9 40.5 59.2 66.7 53.1 63.4 

Transformer 67.7 40.6 59.7 67.9 53.9 64.5 

BART 67.8 44.7 61.4 68.2 58.5 66.0 
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 /: 284=> 7 B01;8FV 3.7, ?>?5@54=ь> =0B@5=>20=0 <>45;ь BART 45<>=AB@Cє 

AB01V;ь=> :@0IC O:VABь C ?>@V2=O==V 7 28?04:>2> V=VFV0;V7>20=8<8 <>45;O<8. 

"A>1;82> A8;ь=> F5 ?><VB=> =0 B5AB>2><C =01>@V NUCLE, 45 @V7=8FO A:0;0 1V;ьH5 

=V6 1.5 >48=8Fь F0.5. ' >1>E B5AB>28E =01>@0E ?><VB=>N є ACBBє20 @V7=8FO A0<5 C 

?>2=>BV <5B@8:. *5 >7=0G0є, I> ?>:@8BBO ?5@5?8AC20=ь є :@0I8< C <>45;V BART. 

!0H0 3V?>B570 ?>;O30є C B><C, I> 7024O:8 ?>?5@54=ь><C B@5=C20==N, <>45;ь 265 

4>2>;V =5?>30=> @>7C<Vє ?@8@>4=N <>2C, 0 =5 2G8Bь F5 7 0. З>:@5<0 F5 ?><VB=> ?> 

B><C O: H284:> ?040є DC=:FVO 2B@0B ?V4 G0A B@5=C20==O. 

 $V7=8FO 6 <V6 28?04:>2> V=VFV0;V7>20=8<8 <>45;O<8 є <5=H>N, >A:V;ь:8 A0< 

?> A>1V ?@>F5A B@5=C20==O є 4>A8Bь AE>68<. %E>6>N є V :V;ь:VABь ?0@0<5B@V2, O:C 

<0NBь <>45;V V 2V4?>2V4=0 9 WE «?>BC6=VABь». &@0=AD>@<5@ ?>:07Cє A515 B@>E8, 

>A>1;82> =0 B5AB>2><C =01>@V W&I+LOCNESS. 

 %;V4 707=0G0B8, I> ?>@V2=O==O =5 є V450;ь=8< B0 70;568Bь 2V4 ?V41>@C 

3V?5@?0@0<5B@V2. �A5 6, @57C;ьB0B8 A?V2?040NBь 7 >GV:C20==O<. #>?5@54=є 

B@5=C20==O AB01V;ь=> ?>:@0ICє O:VABь @>1>B8 <>45;59, =040NG8 <>45;O< 

C=V25@A0;ь=C V=D>@<0FVN ?@> <>2C, I> 28:>@8AB>2CєBьAO O: >A=>20 4;O 

?>40;ьH>3> A?5FV0;V7>20=>3> =02G0==O. &0:89 ?V4EV4 7=0G=> 71V;ьHCє 7030;ь=C 

5D5:B82=VABь <>45;59, >A:V;ь:8 2>=8 265 <0NBь 107>25 @>7C<V==O <>2=8E AB@C:BC@ 

B0 :>=B5:ABV2 ?5@54 B8<, O: 1CB8 040?B>20=8<8 4> :>=:@5B=8E 7040G. *5 4>72>;Oє 

C=8:=CB8 =5>1EV4=>ABV 2G8B8 <>45;ь 2V4 ?>G0B:C 4;O :>6=>W =>2>W 7040GV, 

5:>=><;OG8 G0A B0 @5AC@A8. #>?5@54=є B@5=C20==O, >A>1;82> C 28?04:C 25;8:8E 

=59@>==8E <5@56, <>65 7=0G=> ?>:@0I8B8 WE 740B=VABь 4> 35=5@0;V70FVW, 

?V428ICNG8 O:VABь B0 B>G=VABь WE 2V4?>2V459 C 1V;ьH A:;04=8E 01> =57=09><8E 

AF5=0@VOE. 
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3.3.2 &@5=C20==O A?5FV0;V7>20=>W =59@><5@5652>W <>45;V 4;O 7040GV 

?5@5D@07C20==O B5:ABC  

 #5@5945<> 4> 7040GV ?5@5D@07C20==O B5:ABC. *59 @07 A?@>1Cє<> ?>1C4C20B8 

2;0A=5 ?>?5@54=є B@5=C20==O, O:0 265 4>25;> A2>N 5D5:B82=VABь 4;O 7040GV 

28?@02;5==O 3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>:. 

 ' O:>ABV B@5=C20;ь=>3> <V:A0 1C45<> 28:>@8AB>2C20B8 2 =092V4><VHV =01>@8 

40=8E >?8A0=V C $>74V;V 1.3. *5 Quora Question Pairs (QQP) B0 Microsoft Common 

Objects in COntext (MSCOCO). !5 702060NG8 =0 <5=HC :V;ь:VABь =01>@V2 

?5@5D@07C20==O C MSCOCO, 2V= <0є 1V;ьHC :V;ь:VABь =0 ?5@5D@07C20=ь =0 =01V@, 

I> @>18Bь 9>3> ?><VB=> 1V;ьH8< 70 QQP. !0< F5 ?V4E>48Bь, >A:V;ь:8 2V= <0є B@>E8 

:@0IC O:VABь. 

 MSCOCO <0є 20;V40FV9=C B0 B5AB>2C G0AB8=8 0:C@0B=> ?>1C4>20=V 02B>@0<8 

=01>@C 40=8E Microsoft. ' B>9 65 G0A MSCOCO 7 ?>G0B:C AB2>@5==O Kaggle 

7<030==O 1C2 >48= 25;8:8< B@5=C20;ь=8< :>@?CA><, >A:V;ь:8 70:@8B0 G0AB8=0 

=01>@C 40=8E =V:>;8 =5 1C;0 2V4:@8B0 7030;C. ' @>1>BV Bilateral multi-perspective 

matching for natural language sentence [54] 02B>@8 ?>4V;8;8 9>3> =0 B@5=C20;ь=C, 

20;V40FV9=C B0 B5AB>2C G0AB8=C.  8 28:>@8AB>2Cє<> F59 ?>4V; 40;V C =0HV9 @>1>BV. 

 ' O:>ABV <5B@8: 1C45<> 28:>@8AB>2C20B8 BLEU, TER B0 METEOR, 45B0;ь=> 

>?8A0=V C @>74V;V 1.2. /:I> BLEU B0 METEOR 287=0G0NBь I> <>45;ь <0є :@0IC 

O:VABь C 28?04:C ?V428I5==O 7=0G5=ь F8E <5B@8:, B> TER 3 =02?0:8: G8< =86G5, 

B8< :@0I5. *5 206;82> ?0<’OB0B8 ?V4 G0A >FV=N20==O. &0:>6 206;82> =03040B8, I> 

4;O DV=0;ь=>W :><1V=>20=>W <5B@8:8 <8 1C45<> 28:>@8AB>2C20B8 METEOR =0 

B5AB>2><C =01>@V 40=8E MSCOCO. 

 �C45<> ?>G8=0B8 7 AB0=40@B=>3> =01>@C 3V?5@?0@0<5B@V2 7 ?>?5@54=ь>3> 

?V4@>74V;C. �;O <>6;82>ABV ?>@V2=O==O 7 7040G5N 28?@02;5==O ?><8;>:, B0:>6 

>15@5<> 20 000, O: :V;ь:VABь >=>2;5=ь <>45;V. 
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 <E. 3.3 – $GA>JVO 6FD4F 8?O B5D4A<I @B89?9= ;V EF4A84DFA<@ A45BDB@ 

7VC9DC4D4@9FDV6 8?O ;484KV C9D9HD4;G64AAO F9>EFG 

 

 /: 10G8<>, >B@8<0=V 3@0DV:8 4C65 AE>6V =0 BV, I> 1C;8 >B@8<0=V 4;O 7040GV 

28?@02;5==O 3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>:. BART ?>:07Cє ?><VB=> 

:@0IC O:VABь, 2 B>9 G0A O: 28?04:>2> V=VFV0;V7>20=V <>45;V <0NBь 4C65 AE>6V 

DC=:FVW 2B@0B, 7 28I8< 7=0G5==O< 70 ?>?5@54=ь> =0B@5=>20=C <>45;ь. 

/: <>6=0 ?><VB8B8 7 &01;8FV 3.8, 2V4?>2V4=89 B@5=4 ?> <5B@8:0< 

715@V30єBьAO. #>?5@54=ь> =0B@5=>20=0 <>45;ь BART ?><VB=> 28?5@5460є 

28?04:>2> V=VFV0;V7>20=V <>45;V 7 B>G:8 7>@C 2AVE =0O2=8E <5B@8:. � A2>N G5@3C, 

@V7=8FO <V6 73>@B:>2>N, @5:C@5=B=>N B0 <5@565N B@0=AD>@<5@ є <5=H ?><VB=>N 

2 ?>@V2=O==V 7 7040G5N 28?@02;5==O ?><8;>: 3 206:> >1@0B8 0@EVB5:BC@C O:0 

=09:@0I5 ?@0FNє =0 40=V9 7040GV.  

�0;V A?@>1Cє<> ?>1C4C20B8 2;0A=5 ?>?5@54=є B@5=C20==O B0 ?>@V2=OB8 9>3> 

7 VA=CNG>N <>45;;N BART. �;O ?>?5@54=ь>3> B@5=C20==O <8 2815@5<> 25;8:89 

B0 @V7=><0=VB=89 =01V@ 40=8E, O:89 2:;NG0B8<5 B5:AB 7 @V7=8E 465@5; B0 B5<0B8:, 
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I>1 70157?5G8B8 <>45;ь H8@>:8< A?5:B@>< <>2=>3> <0B5@V0;C.  5B0 ?>;O30B8<5 

2 B><C, I>1 =02G8B8 <>45;ь @>7C<VB8 B0 >1@>1;OB8 <>2C =0 3;81>:><C @V2=V, 

>E>?;NNG8 @V7=><0=VB=VABь A5<0=B8G=8E B0 A8=B0:A8G=8E AB@C:BC@. *5 4>72>;8Bь 

<>45;V @>7?V7=020B8 B0 35=5@C20B8 1V;ьH B>G=V B0 @5;520=B=V 2V4?>2V4V 2 

?>40;ьH><C.  

 

&01;8FO 3.8 3 $57C;ьB0B8 B@5=C20==O <>45;59 >1@0=8E 0@EVB5:BC@ =0 7040GV 

?5@5D@07C20==O B5:ABC  

%8AB5<0 
QQP test MSCOCO test 

BLEU TER METEOR BLEU TER METEOR 

rLSTM [55] 28.4 59.1 30.2 26.9 63.3 24.4 

CGMH [56]  22.5   65.0 27.0 17.3  72.6 21.9 

MCPG [57] 24.1    64.5 31.8 16.5 73.5 23.2 

PTS [57] 25.6 58.7 31.4 17.0 69.9 22.8 

CNN 27.9 59.9 30.7 25.3 61.5 24.9 

LSTM 27.5 59.7 30.1 25.0 61.1 24.6 

Transformer 28.7 58.6 31.5 25.2 60.6 24.5 

BART 30.5 57.3  32.8 28.2 57.6 26.0 

 

 >6=0 A?@>1C20B8 ?>1C4C20B8 2;0A=5 C=V25@A0;ь=5 ?>?5@54=є B@5=C20==O, 

0;5 70728G09 F5 4>23>3> A:;04=>3> B@5=C20==O B0 A:;04=>3> 71>@C 7 1030Bь<0 

=N0=A0<8. *5 ?>B@51Cє 25;8G57=8E DV=0=A>28E B0 G0A>28E 28B@0B. !0B><VABь, 

A?@>1Cє<> ?>1C4C20B8 ?>?5@54=є B@5=C20==O A?5FV0;V7>20=5 =0 ?>B>G=V9 7040GV. 

�;O Fь>3> =0< 7=04>18BьAO 25;8:89 =01V@ 40=8E 7040GV ?5@5D@07C20==O 7 <>6;82> 
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3V@H>N O:VABN. �450;ь=8< :0=4840B>< 4;O Fь>3> є ParaNMT, 45B0;ь=> @>73;O=CB89 

C @>74V;V 1.3. 

!03040є<>, I> ParaNMT <VAB8Bь 1V;ьH5 50 <;= ?0@ 0=3;V9Aь:>N, 

735=5@>20=8E =59@><5@56528< ?5@5:;04>< ?0@0;5;ь=8E :>@?CAV2 4;O 7040G 

<0H8==>3> ?5@5:;04C. &>1B> F5 25;8G57=89 =01V@ 40=8E 2V4=>A=> DV=0;ь=8E 

=01>@V2 40=8E, E>G0 9 7 =86G>N O:VABN, >A:V;ь:8 2V= 0=>B>20=89 =5 ;N4ь<8, 0 

V=H8<8 =59@>==8<8 <5@560<8 02B><0B8G=>. 

&0:8< G8=><, ?@>F54C@0 283;O40є =0ABC?=8< G8=><: 

1. #>?5@54=є B@5=C20==O =0 =01>@V 40=8E ParaNMT (1 5?>E0) 

2. &>=:5 =0;0HBC20==O =0 <V:AV MSCOCO + QQP 

3. "FV=N20==O O:>ABV @>1>B8 <>45;V =0 MSCOCO B0 QQP 

  

 

 <E. 3.4 – $GA>JVO 6FD4F 8?O CBC9D98AьB A4FD9AB64A<I F4 6<C48>B6B 

VAVJV4?;B64A<I @B89?9= 8?O ;484KV C9D9HD4;G64AAO F9>EFG 



108 

 

 /: 10G8<> 7 3@0DV:C, ?>?5@54=є B@5=C20==O =0 =01>@V 40=8E ParaNMT 

A?@0FN20;> 7 B>G:8 7>@C DC=:FVW 2B@0B. (C=:FVO 2B@0B A?5FV0;V7>2=>W ?>?5@54=ь> 

B@5=>20=>W <>45;V 4C65 H284:> ?040є, >A:V;ь:8 2>=0 265 040?B>20=0 4> 7040GV 

?0@0D@07C20==O, V 70;8H0єBьAO =86G>N 70 DC=:FVN C=V25@A0;ь=>W ?>?5@54=ь> 

=0B@5=>20=>W <>45;V BART 2?@>4>26 2Aь>3> B@5=C20==O. 

 

&01;8FO 3.9 3 $57C;ьB0B8 B@5=C20==O ?>?5@54=ь> =0B@5=>20=8E <>45;59 (*) 

>1@0=8E 0@EVB5:BC@ =0 7040GV ?5@5D@07C20==O B5:ABC. 

%8AB5<0 
QQP test MSCOCO test 

BLEU TER METEOR BLEU TER METEOR 

resid LSTM 28.4 59.1 30.2 26.9 63.3 24.4 

CGMH  22.5   65.0 27.0 17.3  72.6 21.9 

MCPG 24.1    64.5 31.8 16.5 73.5 23.2 

PTS 25.6 58.7 31.4 17.0 69.9 22.8 

CNN 27.9 59.9 30.7 25.3 61.5 24.9 

LSTM 27.5 59.7 30.1 25.0 61.1 24.6 

Transformer 28.7 58.6 31.5 25.2 60.6 24.5 

CNN* 29.5 57.8 32.6 27.7 57.8 25.7 

LSTM* 29.2 58.1 32.6 26.7 59.0 25.5 

Transformer* 30.6 57.4 33.2 27.6 57.6 26.2 

BART 30.5 57.3  32.8 28.2 57.6 26.0 
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 �0@B> 707=0G8B8, I> =86G0 DC=:FVO 2B@0B ?V4 G0A B@5=C20==O =5 30@0=BCє 

:@0IV <5B@8:8 =0 B5AB>28E =01>@0E 40=8E. *5 <>65 1CB8 ?>2'O70=> 7 O28I5< 

?5@5=02G0==O (overfitting), :>;8 <>45;ь 70=04B> B>G=> 040?BCєBьAO 4> =02G0;ь=>3> 

=01>@C 40=8E, 2B@0G0NG8 740B=VABь 4> C7030;ь=5==O =0 =>28E 40=8E. &0:8< G8=><, 

206;828< 0A?5:B>< є 710;0=AC20==O <V6 7=865==O< DC=:FVW 2B@0B =0 B@5=C20;ь=8E 

40=8E V 70157?5G5==O< 35=5@0;V70FVW <>45;V. �@V< B>3>, 20@B> ?@>2>48B8 @5B5;ь=89 

0=0;V7 ?><8;>: =0 B5AB>28E =01>@0E, I>1 28O28B8 <>6;82V =54>;V:8 <>45;V B0 

A:>@53C20B8 WE. � :V=F52><C @0EC=:C, FV;VA=89 ?V4EV4 4> >FV=N20==O B0 B5ABC20==O 

є :;NG>28< 4;O AB2>@5==O =04V9=>W B0 5D5:B82=>W <>45;V <0H8==>3> =02G0==O. 

' &01;8FV 3.9 <>6=0 ?>10G8B8, I> 4V9A=> <>45;V ?>?5@54=ь> =02G5=V =0 

ParaNMT ?>:07CNBь ACBBє2> :@0IC O:VABь, 0 <>45;ь 0@EVB5:BC@8 B@0=AD>@<5@ 

27030;V <0є @57C;ьB0B8 G8 =5 :@0IV 70 <>45;ь BART. *5 ?><VB=> O: =0 =01>@0E 

40=8E MSCOCO, B0: V =0 QQP, B>1B> @57C;ьB0B є :>=A8AB5=B=8< (AB01V;ь=8<). З 

V=H>W AB>@>=8 =86G0 DC=:FVO 2B@0B 4020;0 >GV:C20==O, I> ParaNMT <>45;V <>6CBь 

4020B8 =02VBь :@0IV @57C;ьB0B8. %0<5 B><C 206;82> ?5@52V@OB8 DV=0;ь=C O:VABь 

<>45;59 =0 >:@5<8E B5ABC20;ь=8E =01>@0E 40=8E, O:V =5 ?5@5B8=0NBьAO 7 

B@5=C20;ь=8<8. 

#5@5203>N <>45;V BART є >G5284=> B>9 D0:B, I> 2>=0 C=V25@A0;ь=0 V, O: <8 

265 ?>10G8;8, ?>:07Cє B0: A0<> 28A>:C O:VABь =0 7040GV 28?@02;5==O 3@0<0B8G=8E 

B0 >@D>3@0DVG=8E ?><8;>:. 

&0:>6 =5>GV:C20=8< D0:B>< є B5 I> =0B@5=>20=V <>45;V є :@0IV 70 1V;ьHVABь 

265 VA=CNG8E @>1VB. �<>2V@=>N ?@8G8=>N Fь>3> є @V7=8FO 2 <5B>4>;>3VW 

>FV=N20==O B0 B8< D0:B><, I> 7040G0 =5 є =0 ABV;ь:8 ?>?C;O@=>N O: 28?@02;5==O 

?><8;>: V :V;ь:VABь VA=CNG8E @>1VB є 7=0G=> <5=H>N. 

 

3.3.3 &@5=C20==O A?5FV0;V7>20=>W =59@><5@5652>W <>45;V 4;O A?@>I5==O 
B5:ABC  

!0@5HBV, ?5@5945<> 4> 7040GV A?@>I5==O B5:ABC. /: 7304C20;>AO C $>74V;V 1.5, 

=01>@V2 40=8E VA=Cє =525;8:0 :V;ь:VABь C ?>@V2=O==V 7 28I573040=8<8 7040G0<8. 
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"B@8<0==O =01>@C Newsela 28O28;>AO ?@>1;5<0B8G=8<, >A:V;ь:8 40=V =5 є C 

2V;ь=><C 4>ABC?V, 0 >B@8<CNBьAO 70 70?8B><. #V4 G0A =0?8A0==O 48A5@B0FV9=>W 

@>1>B8, 2V4?>2V4ь 02B>@V2 =5 240;>AO >B@8<0B8. %0<5 B><C є48=8< =01>@>< 40=8< 

28:>@8AB0=8< 4;O 7040GV є WikiLarge. 

 

  

 <E. 3.4 – $GA>JVO 6FD4F 8?O B5D4A<I @B89?9= ;V EF4A84DFA<@ A45BDB@ 

7VC9DC4D4@9FDV6 8?O ;484KV ECDBM9AAO F9>EFG 

 

�;O >FV=:8 <>45;59 4;O A?@>I5==O B5:ABC 1C45<> 28:>@8AB>2C20B8 

TurkCorpus, >:@5<89 B5AB>289 =01V@ 40=8E 7 8 ?5@5?8AC20==O<8, ?@>0=>B>20=8<8 

0=>B0B>@0<8 7 Mechanical Turck 4;O :>6=>3> @5G5==O. З0AB>AC20==O <=>68==8E 

?5@5?8AC20=ь 4;O :>6=>3> @5G5==O 4>72>;Oє >FV=8B8 3=CG:VABь B0 040?B82=VABь 

<>45;59 4> @V7=8E AB8;V2 A?@>I5==O. &0:89 ?V4EV4 4>?><030є >B@8<0B8 2A51VG=5 
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CO2;5==O ?@> 740B=VABь <>45;59 045:20B=> B@0=AD>@<C20B8 A:;04=89 B5:AB C 9>3> 

A?@>I5=C 25@AVN, 715@V30NG8 ?@8 Fь><C :;NG>2V V=D>@<0FV9=V 5;5<5=B8. 

/: 10G8<> 7 3@0DV:C, <0є<> GVB:C 70:>=><V@=VABь, O:0 ?>2B>@NєBьAO A5@54 

2AVE B@ь>E 7040G 4;O 7040G ?8Aь<>2>3> 0A8AB5=BC. BART ?>:07Cє ?><VB=> :@0IC 

O:VABь 7 B>G:8 7>@C B@5=C20;ь=>W DC=:FVW 2B@0B, 2 B>9 G0A O: 28?04:>2> 

V=VFV0;V7>20=V <>45;V <0NBь 4C65 AE>6V @57C;ьB0B8, 7 28I8<8 7=0G5==O<8 70 

?>?5@54=ь> =0B@5=>20=C <>45;ь. 

�0;V >FV=8<> O:VABь =0B@5=>20=8E <>45;59 =0 B5ABC20;ь=><C =01>@V 40=8E 

TurkCorpus.  5B@8:8, O:V 70728G09 28:>@8AB>2CNBьAO ?@8 >FV=FV O:>ABV (BLUE, 

FKGL B0 SARI) >?8A0=V C $>7V4V;V 1.2. 

 

&01;8FO 3.10 3 $57C;ьB0B8 B@5=C20==O <>45;59 >1@0=8E 0@EVB5:BC@ =0 7040GV 

A?@>I5==O B5:ABC  

%8AB5<0 
TurkCorpus 

BLEU FKGL SARI 

SBMT [7] 72.4 7.3 40.0 

ACCESS [58] - 7.3 41.4 

MUSS - 7.6 42.5 

TST  - 7.9 41.5 

CNN 68.3 8.2 36.8 

LSTM 70.3 7.7 37.2 

Transformer 70.4 7.5 37.5 

BART 70.3 7.9 39.6 
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' &01;8FV 3.10 =02545=> @57C;ьB0B8 >FV=N20==O =0 =01>@V 40=8E TurkCorpus. 

/: <>6=0 ?><VB8B8, BCB ?5@52030 BART =5 є B0:>N 2V4GCB=>N. З V=H>W AB>@>=8, 

VA=Cє =87:0 @>1VB, O:0 ?>OA=Nє =55D5:B82=VABь 1V;ьH>ABV <5B@8: 4;O 7040G 

A?@>I5==O B5:ABC, O: <8 265 7304C20;8 C @>74V;V 3.1. �;NG>2>N 6 (V =091V;ьH 

=04V9=>N) <5B@8:>N є SARI. /: 10G8<>, BCB @V7=8FO 283;O40є ?><VB=>N.  

)>G0 BART ?>:07Cє :@0IV @57C;ьB0B8 70 >1@0=V 0@EVB5:BC@8, @V7=8FO C 

?>@V2=O==V 7 state-of-the-art ?V4E>40<8 2A5 I5 ?><VB=0. !5 482;OG8Aь =0 F5, A0<5 FO 

<>45;ь ?@>45<>=AB@C20;0 AB01V;ь=89 @57C;ьB0B =0 2AVE 3-E 7040G0E, ?5@525@H82H8 

28?04:>2> V=VFV0;V7>20=V 73>@B:>2V, @5:C@5=B=V <>45;V B0 0@EVB5:BC@C B@0=AD>@<5@. 

� B><C, A0<5 FN <>45;ь <8 1C45<> 28:>@8AB>2C20B8 O: >A=>2C 4;O =0H>3> 

?8Aь<>2>3> 0A8AB5=BC.  

 

3.4 #>1C4>20 C=V25@A0;ь=>W <>45;V ?8Aь<>2>3> 0A8AB5=BC 

&5?5@, :>;8 <8 4>1@5 @>7C<Vє<> :>6=C 7040G, WE <5B@8:8 B0 O:VABь @>1>B8 

A?5FV0;V7>20=8E <>45;59 70?@>?>=>20=8E 0@EVB5:BC@ C ?>@V2=O==V 7 VA=CNG8<8 

@>1>B0<8, <>6=0 ?>G8=0B8 @>1>BC =04 є48=>N <>45;;N, 740B=>N 28:>=C20B8 2AV 3 

281@0=V 7040GV ?8Aь<>2>3> 0A8AB5=BC. ' @>74V;V 3.3 1C;> 28@VH5=> 28:>@8AB>2C20B8 

A0<5 <>45;ь BART O: 107>2C. 

' FV9 48A5@B0FV9=V9 @>1>BV <8 @>73;O=5<> 45:V;ь:0 ?V4E>4V2 4;O ?>1C4>28 

C=V25@A0;ь=>W <C;ьB8-7040G=>W <>45;V. %5@54 =8E: 

1. �40?B5@8 3 F5 =525;8:V, =02G5=V <>4C;V, O:V 2AB02;ONBьAO <V6 H0@0<8 

?>?5@54=ь> =0B@5=>20=>W <>45;V. �>=8 4>72>;ONBь =0;0HBC20B8 <>45;ь ?V4 

A?5F8DVG=V 7040GV, =5 7<V=NNG8 >A=>2=8E 203V2. *5 <>65 1CB8 5D5:B82=8< 

A?>A>1>< 040?B0FVW <>45;V 4> :>6=>W 7 B@ь>E 7040G, <V=V<V7CNG8 ?@8 Fь><C 

=5>1EV4=VABь ?>2B>@=>3> B@5=C20==O 25;8:8E G0AB8= <>45;V; 

2. %?V;ь=89 5=:>45@ - A?5FV0;V7>20=89 45:>45@: F59 ?V4EV4 ?5@5410G0є 

28:>@8AB0==O >4=>3> 5=:>45@0 4;O 7G8BC20==O B0 @>7C<V==O B5:ABC B0 

45:V;ь:>E 45:>45@V2 4;O :>6=>W 7040GV >:@5<>. &0:0 AB@C:BC@0 4>72>;Oє 
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<>45;V 7>A5@548B8AO =0 A?V;ь=><C @>7C<V==V B5:ABC, 0;5 ?@8 Fь><C <0B8 

A?5FV0;V7>20=V V=AB@C<5=B8 4;O :>6=>W 7040GV; 

3. %?5FV0;ь=89 B>:5= 4;O 287=0G5==O 7040GV (control codes): �2545==O 

A?5FV0;ь=>3> B>:5=0 2 O:>ABV G0AB8=8 2EV4=8E 40=8E, O:89 2:07Cє =0 

:>=:@5B=C 7040GC, <>65 1CB8 5D5:B82=8< A?>A>1>< =02G0==O <>45;V 

@>7@V7=OB8 <V6 7040G0<8. *59 B>:5= <>65 1CB8 28:>@8AB0=89 4;O 0:B820FVW 

2V4?>2V4=8E H0@V2 01> <>4C;V2 C <>45;V, 70;56=> 2V4 ?>B@V1=>W 7040GV. 

 

�8:>@8AB0==O F8E B@ь>E ?V4E>4V2 <>65 AB2>@8B8 4C65 3=CG:C B0 ?>BC6=C 

A8AB5<C, O:0 1C45 740B=0 045:20B=> @503C20B8 =0 @V7=V 28<>38 B0 >A>1;82>ABV :>6=>W 

7 B@ь>E 7040G. 

 

3.4.1 �8:>@8AB0==O <>4C;V2-040?B5@V2 4;O B@5=C20==O C=V25@A0;ь=>W 
=59@>==>W <5@56V 

 �40?B5@8 2 =59@>==8E <5@560E ?@54AB02;ONBь A>1>N =>20B>@Aь:89 ?V4EV4 

4> B>=:>W =0AB@>9:8 3;81>:8E =59@>==8E <5@56, >A>1;82> 2 AD5@V >1@>1:8 

?@8@>4=>W <>28. �>=8 4>72>;ONBь 2=>A8B8 =525;8:V 7<V=8 2 ?>?5@54=ь> 

=0B@5=>20=V9 <>45;V, O:V <>6CBь 28O28B8AO 4C65 5D5:B82=8<8 4;O A?5F8DVG=8E 

70240=ь, B0:8E O: 28?@02;5==O 3@0<0B8G=8E ?><8;>:, A?@>I5==O B5:ABC 01> 

?5@5D@07C20==O. 

*59 <5B>4 є >A>1;82> FV==8<, >A:V;ь:8 4>72>;Oє 28:>@8AB>2C20B8 ?>BC6=V, 

265 ?>?5@54=ь> =0B@5=>20=V <>45;V, B0:V O: BART 01> T5, V 040?BC20B8 WE ?V4 

:>=:@5B=V 70240==O, =5 28<030NG8 ?>2=>3> ?5@5=02G0==O <>45;V. &0:8< G8=><, 

28:>@8AB0==O 040?B5@V2 <>65 VAB>B=> A:>@>B8B8 G0A V @5AC@A8, =5>1EV4=V 4;O 

B@5=C20==O, 715@V30NG8 ?@8 Fь><C 5D5:B82=VABь 25;8:8E <>45;59. 

"A=>2=0 V45O 040?B5@V2 ?>;O30є 2 B><C, I> 28 2AB02;OєB5 4>40B:>2V H0@8 <V6 

VA=CNG8<8 H0@0<8 ?>?5@54=ь> =0B@5=>20=>W <>45;V. *V 4>40B:>2V H0@8 - 040?B5@8 

- 2V4=>A=> <0;V V B@5=CNBьAO >:@5<>, ?@8 Fь><C 2038 >A=>2=>W <>45;V 70;8H0NBьAO 

=57<V==8<8. *5 >7=0G0є, I> 28 <>65B5 28:>@8AB>2C20B8 7030;ь=5 @>7C<V==O <>28, 



114 

 

O:5 =040є ?>?5@54=ь> =0B@5=>20=0 <>45;ь, V >4=>G0A=> =0;0HB>2C20B8 WW =0 

A?5F8DVG=V 70240==O 70 4>?><>3>N 040?B5@V2. 

�40?B5@8, O: ?@028;>, є 4>A8Bь ?@>AB8<8 2 0@EVB5:BC@V. �>=8 <>6CBь 

A:;040B8AO 2Aь>3> 7 45:V;ь:>E ?>2=>72’O7=8E H0@V2, 0;5, =572060NG8 =0 A2>N 

?@>AB>BC, 2>=8 <>6CBь 7=0G=> ?V428I8B8 5D5:B82=VABь <>45;V 4;O :>=:@5B=>W 

7040GV. З024O:8 A2>W9 3=CG:>ABV V 5D5:B82=>ABV, 040?B5@8 <>6CBь 1CB8 28:>@8AB0=V 

4;O H8@>:>3> A?5:B@C 70240=ь, 2V4 ?5@5:;04C B5:ABC 4> 35=5@0FVW B5:ABC, 

28?@02;5==O ?><8;>: V 1030B> V=H>3>. 

"4=VєN 7 :;NG>28E ?5@5203 040?B5@V2 є WE <>4C;ь=VABь. �8 <>65B5 B@5=C20B8 

>:@5<V 040?B5@8 4;O @V7=8E 7040G, 0 ?>BV< ;53:> 2AB02;OB8 01> 2840;OB8 WE 7 <>45;V 

157 =5>1EV4=>ABV ?>2B>@=>3> B@5=C20==O 2AVєW <>45;V. *5 @>18Bь 040?B5@8 

V450;ь=8<8 4;O A8BC0FV9, 45 20< ?>B@V1=> H284:> 040?BC20B8 <>45;ь ?V4 @V7=V 

70240==O. 

-5 >4=VєN ?5@5203>N є B5, I> 040?B5@8 4>72>;ONBь 715@53B8 7=0==O, 265 

=0:>?8G5=V 2 <>45;V. #>?5@54=ь> =0B@5=>20=V <>45;V, B0:V O: BERT 01> GPT, 265 

<0NBь 3;81>:5 @>7C<V==O <>28 7024O:8 =02G0==N =0 25;8:8E =01>@0E 40=8E. 

�40?B5@8 4>72>;ONBь 28:>@8AB>2C20B8 F5 @>7C<V==O V 040?BC20B8 9>3> ?V4 

:>=:@5B=V 70240==O, =5 2B@0G0NG8 7030;ь=8E 7=0=ь. 

�8:>@8AB0==O 040?B5@V2 >A>1;82> є :>@8A=8< 4;O 40=>W @>1>B8 C :>=B5:ABV 

<C;ьB87040G=>ABV. З0<VABь B>3>, I>1 AB2>@N20B8 >:@5<V <>45;V 4;O :>6=>W 7040GV, 

28 <>65B5 28:>@8AB>2C20B8 >4=C V BC 6 >A=>2=C <>45;ь V ?@>AB> <V=OB8 040?B5@8 2 

70;56=>ABV 2V4 70240==O. *5 =5 BV;ь:8 5:>=><8Bь G0A V @5AC@A8, 0;5 V 4>72>;Oє <>45;V 

=0:>?8GC20B8 7=0==O 7 @V7=8E 4><5=V2. 

�>=F5?FVO 28:>@8AB0==O 040?B5@V2 C :>=B5:ABV 5D5:B82=>3> ?5@5=>AC 

=02G0==O 2 =59@>==8E <5@560E 4;O 7040G >1@>1:8 ?@8@>4=>W <>28 >B@8<0;0 7=0G=C 

C203C ?VA;O ?C1;V:0FVW AB0BBV "Parameter-Efficient Transfer Learning for NLP" [59]. ' 

FV9 @>1>BV 4>A;V4=8:8 7>A5@546CNBьAO =0 AB2>@5==V <5B>4V2, O:V 4>72>;ONBь 

040?BC20B8 25;8:V ?>?5@54=ь> =0B@5=>20=V <>45;V 4> :>=:@5B=8E 70240=ь 7 

<V=V<0;ь=>N :V;ь:VABN 4>40B:>28E ?0@0<5B@V2. 
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�5B0;ь=> 7>1@065=> AE5<C 040?B5@C =0 $8AC=:C 3.5. ,0@ 0@EVB5:BC@8 

B@0=AD>@<5@ A:;040єBьAO 7 42>E >A=>2=8E :><?>=5=BV2: 1030B>3>;>2>W C2038 (multi-

headed attention) B0 42>E ;V=V9=8E (feed-forward) H0@V2, @>74V;5=8E H0@>< 

=>@<0;V70FVW (layer norm). �40?B5@, O:89 2AB02;OєBьAO 2 B@0=AD>@<5@=89 H0@, 

70728G09 <VAB8Bь 420 4>40B:>2V ;V=V9=V H0@8, O:V >B>GCNBь =5;V=V9=C 0:B820FV9=C 

DC=:FVN. 

 

 <E. 3.5 – !I9@4F<KA9 ;B5D4:9AAO 6<>BD<EF4AAO @B8G?O-484CF9DG  

G 4DIVF9>FGDV FD4AEHBD@9D 

 

#5@H89 ;V=V9=89 H0@ 2 040?B5@V 4 F5  H0@ ?@>5:FVW 2=87 (down-project), O:89 

7<5=HCє @>7<V@=VABь 40=8E =0704 4> @>7<V@=>ABV, AC<VA=>W 7 28<V@0<8 2EV4=8E 

40=8E B@0=AD>@<5@=>3> H0@C. #VA;O H0@C ?@>5:FVW 23>@C 945 =5;V=V9=VABь, O: 

?@028;>, F5 0:B820FV9=0 DC=:FVO, B0:0 O: ReLU 01> GELU. *O =5;V=V9=0 0:B820FVO 

4>40є <>45;V <>6;82VABь 2;>2;N20B8 A:;04=VHV 2V4=>A8=8 2 40=8E. 

#VA;O =5;V=V9=>3> H0@C 945 4@C389 ;V=V9=89 H0@, H0@ ?@>5:FVW 23>@C (up-

project), O:89 71V;ьHCє @>7<V@=VABь 2EV4=8E 40=8E 4> 1V;ьH 28A>:>W 28<V@=>ABV, I> 

287=0G0єBьAO ?0@0<5B@0<8 <>45;V. *O AB@C:BC@0 4>72>;Oє 040?B5@0< <>48DV:C20B8 

A83=0;8, O:V ?@>E>4OBь G5@57 B@0=AD>@<5@=89 H0@, =5 ?>@CHCNG8 7030;ь=C 

0@EVB5:BC@C <>45;V. 
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�06;82>N G0AB8=>N 0@EVB5:BC@8 040?B5@0 є 28:>@8AB0==O skip-connection, 

B0:>6 2V4><>3> O: residual connection. Skip-connection 4>72>;Oє 2EV4=8< 40=8< 

040?B5@0 >1E>48B8 420 ;V=V9=V H0@8 V =5;V=V9=VABь, V4CG8 ?@O<> 4> 28E>4C 040?B5@0. 

*5 70157?5GCє, I> =02VBь ?VA;O 2=5A5==O A?5F8DVG=8E 4;O 7040GV :>@5:B82 C 25:B>@8 

>7=0:, <>45;ь 2A5 I5 740B=0 28:>@8AB>2C20B8 ?5@2VA=5 @5?@575=B0B82=5 7=0==O, O:5 

1C;> 2 <>45;V 4> 70AB>AC20==O 040?B5@0. 

' =0HV @>1>BV <8 ?5@528:>@8AB>2Cє<> ?V4EV4 7 @>1>B8 "Parameter-Efficient 

Transfer Learning for NLP", 4>40NG8 <>4C;V-040?B5@8 42VGV C :>65= 5=:>45@ H0@ 

B@0=AD>@<5@C B0 B@8GV (B0:>6 ?VA;O cross-attention) 4;O :>6=>3> 45:>45@ H0@C 

<>45;V BART. &0:8< G8=>< 4;O <>45;V BART base 28E>48Bь 6 ∗ 2 + 6 ∗ 3 = 30 

040?B5@V2 C AC<V. 

 8 B0:>6 28:>@8AB>2Cє<> @V7=V :>=DV3C@0FVW 040?B5@V2, 7<V=NNG8 @>7<V@ 

?@8E>20=>3> (<V6 down-project B0 up-project). #>2B>@NNG8 VA=CNGV @>1>B8 C 

=0?@O<:C, <8 ?@>1Cє<> =01V@ 20@V0=BV2 /ĉÿăă: {8, 64, 256}. �V;ьH89 @>7<V@ =040є 
<>4C;N 1V;ьHC 28@07=VABь, C B>9 65 G0A 71V;ьHCNG8 :V;ь:VABь 4>40B:>28E 

?0@0<5B@V2. 

 

&01;8FO 3.11 3 $57C;ьB0B8 B@5=C20==O <>45;V BART 7 28:>@8AB0==O< <>4C;V2-

040?B5@V2 B0 157 

 

E
R

R
A

N
T

 

S
A

R
I 

M
E

T
E

O
R

 

AssistantScore # ?0@0<5B@V2 

>:@5<V <>45;V 66.0 39.6 26.0 229.1 417 M 

040?B5@ 8 45.3 31.2 18.3 163.4 139 M 

040?B5@ 64 51.4 32.4 18.2 177.2 142 M 

040?B5@ 256 60.4 34.5 22.4 205.6 151 M 
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&0:8< G8=>< :V;ь:VABь 4>40=8E ?0@0<5B@V2 2 70;56=>ABV 2V4 H0@C 1C45 

4>@V2=N20B8 30 ∙ 2 ∙ ĂăąĂăĂ ∙ /ĉÿăă = 30 ∙ 2 ∙ 768 ∙ /ĉÿăă = 47 280 ∙ /ĉÿăă 

/: 10G8<> 7 &01;8FV 3.11, O:VABь @>1>B8 <>45;59, I> 28:>@8AB>2CNBь 

040?B5@8 A8;ь=> 70;568Bь 2V4 :V;ь:>ABV ?0@0<5B@V2 70:;045=8E C FV <>4C;V. 

!09<5=H89 @>7<V@ ?@8E>20=>3> H0@C 040?B5@C 8 4>40є <5=H5 ?V2 <V;ь9>=0 

?0@0<5B@V2, 0;5 O:VABь @>1>B8 B0:>W <>45;59 є ?><VB=> =86G>N. З V=H>N AB>@>=8 

040?B5@ 256 4>40є 12 <V;ь9>=V2 ?0@0<5B@V2, I> 2V4?>2V40є 8.7% 2V4 2Aь>3> @>7<V@C 

<>45;V BART-base, 0;5 2 B>9 65 G0A @V7=8FO <V6 B0:8< ?V4E>4>< V 3-<0 >:@5<8<8 

<>45;O<8 є 7=0G=> <5=H>N. 

З B>G:8 7>@C :><1V=>20=>W O:>ABV =0 >48= ?0@0<5B@ 0@EVB5:BC@0,  040?B5@ 256 

45<>=AB@Cє =09:@0I89 @57C;ьB0B. ' B>9 65 G0A 206;828< =N0=A>< є B>9 D0:B, I> 

4;O B>3> I>1 28:>=0B8 CAV 7040GV ?8Aь<>2>3> 0A8AB5=B0 =0 2EV4=><C B5:ABV ?>B@V1=> 

?@>3=0B8 <>45;ь >:@5<> =0 :>6=V9 7040GV 7 >:@5<8< =01>@>< 040?B5@V2. &>1B> 

=5<0є G0AB8= (@57C;ьB0BV2), O:V <>6=0 ?5@528:>@8AB0B8. 

 

3.4.2 �0AB>AC20==O ?V4E>4C 7 A?V;ь=8< :>4C20==O B0 A?5FV0;V7>20=8< 
45:>4C20==O< 

#V4EV4 V7 A?V;ь=8< 5=:>45@>< V @V7=8<8 45:>45@0<8 4;O @V7=8E 7040G 2 

>1@>1FV ?@8@>4=>W <>28 <>65 1CB8 5D5:B82=8< 7 B>G:8 7>@C G0AC 28:>=0==O B0 

28:>@8AB0==O @5AC@AV2. *5=B@0;ь=0 V45O ?>;O30є C B><C, I> >48= 5=:>45@ 7G8BCє B0 

0=0;V7Cє 2EV4=89 B5:AB, :>=25@BCNG8 9>3> 2 C=V25@A0;ь=V 25:B>@=V @5?@575=B0FVW, 

O:V ?>BV< 28:>@8AB>2CNBьAO <=>68=>N 45:>45@V2 4;O 35=5@C20==O 2V4?>2V459 01> 

28:>=0==O A?5F8DVG=8E 7040G. �>65= 45:>45@ >?B8<V7>20=89 4;O :>=:@5B=>W 

7040GV, 1C4ь B> 28?@02;5==O ?><8;>:, ?5@5D@07C20==O, G8 A?@>I5==O B5:ABC. 

!0?@8:;04, B0:89 ?V4EV4 1C2 70AB>A>20=89 C @>1>BV Instance-specific decoders for 

multi-task NLP [60]. 

�=:>45@ 28:>=Cє A:;04=C @>1>BC 7 @>7C<V==O <>28, 4>72>;ONG8 45:>45@0< 

7>A5@548B8Aь =0 A2>WE C=V:0;ь=8E 7040G0E. *5 @>74V;5==O >1>2'O7:V2 5D5:B82=>, 
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>A:V;ь:8 :>4C20==O 2EV4=8E 40=8E є =091V;ьH @5AC@A>є<=>N G0AB8=>N ?@>F5AC, V 

:>;8 F5 @>18BьAO >48= @07, 45:>45@8 <>6CBь 5D5:B82=> 35=5@C20B8 28EV4=V 40=V 157 

?>2B>@5==O FVєW B@C4><VAB:>W @>1>B8. &0:8< G8=><, 28:>@8AB0==O A?V;ь=>3> 

5=:>45@0 <>65 7=0G=> 7<5=H8B8 >1G8A;N20;ь=V 28B@0B8 V ?>:@0I8B8 H284:VABь 

2V43C:C A8AB5<8. 

 

 <E. 3.6 – !I9@4F<KA9 ;B5D4:9AAO CV8IB8G ;V ECV?ьA<@ 9A>B89DB@ F4 

EC9JV4?V;B64A<@< 89>B89D4@< 

 

�>65= A?5FV0;V7>20=89 45:>45@ <>65 1CB8 040?B>20=89 4> A2>єW 7040GV, I> 

4>72>;Oє 1V;ьH B>G=> @503C20B8 =0 28<>38 FVєW 7040GV. !0?@8:;04, 45:>45@ 4;O 

28?@02;5==O ?><8;>: <>65 7>A5@548B8Aь =0 3@0<0B8FV B0 ?@02>?8AV, 2 B>9 G0A O: 

45:>45@ 4;O ?5@5D@07C20==O <>65 7>A5@548B8Aь =0 715@565==V 7=0G5==O 

>@83V=0;ь=>3> B5:ABC, 0;5 7<V=V 9>3> AB@C:BC@8. *5 @>74V;5==O 4>72>;Oє :>6=><C 

45:>45@C 5D5:B82=> 28:>@8AB>2C20B8 @5AC@A8 B0 1CB8 >?B8<V7>20=8< 4;O :@0I>W 

?@>4C:B82=>ABV. 

&0:89 ?V4EV4 B0:>6 70157?5GCє 25;8:C 3=CG:VABь C @>7H8@5==V A8AB5<8. /:I> 

7'O2;OєBьAO ?>B@510 2 =>2V9 7040GV, <>6=0 4>40B8 =>289 45:>45@ 157 =5>1EV4=>ABV 

7<V=8 G8 ?5@5=02G0==O 5=:>45@0. *5 @>18Bь A8AB5<C ABV9:>N 4> <0AHB01C20==O V 

4>72>;Oє H284:> 2V4?>2V40B8 =0 =>2V 28<>38 01> 28:;8:8. 
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"A:V;ь:8 :>4C20==O 2EV4=>3> B5:ABC 28:>=CєBьAO >48= @07 5=:>45@><, 

25:B>@8 :>4C20==O <>6CBь 1CB8 ?5@528:>@8AB0=V 4;O @V7=8E 7040G. *5 CAC20є 

=5>1EV4=VABь ?>2B>@=>3> :>4C20==O B5:ABC 4;O :>6=>W 7040GV, I> 7=0G=> A:>@>GCє 

G0A, =5>1EV4=89 4;O 28:>=0==O ?5@5410G5=ь. $5?@575=B0FVW, AB2>@5=V 5=:>45@><, 

<>6CBь 1CB8 :5H>20=V, 4>72>;ONG8 H284:89 4>ABC? 4> =8E ?@8 28:>@8AB0==V 

45:>45@V2.  

' ?>@V2=O==V 7 040?B5@0<8, O:V 2=>AOBь 7<V=8 =0 @V2=V >:@5<8E H0@V2 <>45;V, 

A?V;ь=89 5=:>45@ 28:>@8AB>2Cє >4=0:>289 ?@>F5A :>4C20==O 4;O 2AVE 7040G. *5 

2V4@V7=OєBьAO 2V4 A8BC0FVW, :>;8 040?B5@8 ?>B@51CNBь, I>1 :>65= H0@ <>45;V 1C2 

040?B>20=89 B0 ?5@5=02G5=89 4;O :>6=>W :>=:@5B=>W 7040GV. �40?B5@8 

70157?5GCNBь 1V;ьHC 3=CG:VABь =0 @V2=V H0@V2 28:>@8AB>2CNG8 2V4=>A=> =525;8:C 

:V;ь:VABь ?0@0<5B@V2, 2 B>9 G0A O: A?5FV0;V7>20=V 45:>45@8 28<030NBь 1V;ьHC :-Bь 

C=V:0;ь=8E ?0@0<5B@V2. 

%?V;ь=89 5=:>45@-A?5FV0;V7>20=89 45:>45@ ?V4EV4 <V=V<V7Cє FN 28B@0BC G0AC, 

>A:V;ь:8 :>4C20==O 28:>=CєBьAO >48= @07, 0 45:>45@8 <>6CBь ?@0FN20B8 

?0@0;5;ь=> 01> 1CB8 28:;8:0=8<8 70 =5>1EV4=>ABV, 157 =5>1EV4=>ABV ?>2B>@=>3> 

?@>E>465==O G5@57 5=:>45@. *5 @>18Bь ?V4EV4 7V A?V;ь=8< 5=:>45@>< V450;ь=8< 4;O 

@>7@>1:8 28A>:>?@>4C:B82=8E A8AB5< >1@>1:8 ?@8@>4=>W <>28, 45 4;O >4=VєW 

2EV4=>W ?>A;V4>2=>ABV ?>B@V1=> 28:>=0B8 2AV 45:>45@-7040GV >4=>G0A=>. 

%B>A>2=> B@5=C20==O 5=:>45@C, B> <0є<> :V;ь:0 >?FV9: 

1. �8:>@8AB>2C20B8 9>3> O:, B>1B> ?>:;040B8AO =0 B5 I> C=V25@A0;ь=V 2038 

BART 5=:>45@C є 4>AB0B=ь> E>@>HV V =5 ?>B@51CNBь 4>40B:>2>3> B@5=C20==O; 

2. &@5=C20B8 9>3> 4;O >4=VєW 7 7040G V 40;V 70<>@>78B8 4;O V=H8E; O: >A=>2=C 

<>6=0 27OB8 28?@02;5==O 3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>:, >A:V;ь:8 

2>=0 <0є =091V;ьHC :V;ь:VABь 40=8E; 

3. !0B@5=C20B8 9>3> =0 2AVE 7040G, 0 40;V CA5@54=8B8; B0:8< G8=>< 1C45 

>B@8<0=89 :><?@><VA <V6 7040<8. 
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 !5 482;OG8Aь =0 1V;ьHC :V;ь:VABь 4>ABC?=8E ?0@0<5B@V2 4;O B@5=C20==O, 

?V4EV4 7V A?V;ь=8< 5=:>45@>< B0 A?5FV0;V7>20=8<8 45:>45@0<8 ?>:07Cє C 

=09:@0I><C 28?04:C AE>6C O:VABь C ?>@V2=O==V 7 BART <>45;;N 7 040?B5@0<8 256. 

"AB0==V9 є 1V;ьH >?B8<0;ь=8< 7 B>G:8 7>@C O:>ABV =0 >48= ?0@0<5B@. 

 

&01;8FO 3.12 3 $57C;ьB0B8 B@5=C20==O <>45;V BART 7 28:>@8AB0==O< A?V;ь=>3> 

5=:4>@C B0 A?5FV0;V7>20=8<8 45:>45@0<8 
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AssistantScore # ?0@0<5B@V2 

>:@5<V <>45;V 66.0 39.6 26.0 229.1 417 M 

A?V;ь=89 5=:>45@ (1) 59.4 34.2 20.3 199.1 251 M 

A?V;ь=89 5=:>45@ (2) 66.0 32.4 18.5 206.8 251 M 

A?V;ь=89 5=:>45@ (3) 60.3 34.1 18.9 198.4 251 M 

 

 *V:028< є B5, I> V45O 7 CA5@54=5==O< ?0@0<5B@V2 5=:>45@C =5 A?@0FN20;0 C 

?>@V2=O==V 7 ?@>AB> 70AB>AC20==O AB0=40@B=8E 203V2 BART.  >6;82> F5 >7=0G0є, 

I> ?VA;O B@5=C20==O 2038 <>45;59 :>6=>W  7 7040G 70=04B> @V7=V V CA5@54=5==O =5 

40є 7<VAB>2=8E @57C;ьB0BV2.  >6;82> ?@>F5A :>4C20==O ?>A;V4>2=>AB59 7 

?>?5@54=ь>3> B@5=C20==O BART 265 4C65 4>1@5 ?V4E>48Bь 4;O 7040G ?8Aь<>2>3> 

0A8AB5=BC.  

 З0 @0EC=>: 25;8:>3> 7=0G5==O :>5DVFVє=BC 7040GV 28?@02;5==O ?><8;>: C 

:><1V=>20=V9 <5B@8FV, >?B8<V70FVO FVєW 2 ?5@HC G5@3C ?@8=>A8Bь =09:@0I89 

@57C;ьB0B. � B0:><C ?V4E>4V <8 B@>E8 65@B2Cє<> 7040G0<8 ?5@5D@07C20==O V 

A?@>I5==O B5:ABC. ' B>9 65 G0A, ?04V==O =0 F8E 7040G =5 є ACBBє28<, I> A:>@VH 70 

2A5 >7=0G0є, I> :>4C20==O 28?@02;5==O ?><8;>: є ?@89=OB=8< (V <>65 1CB8 

28:>@8AB0=>) 4;O V=H8E 7040G. 
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3.4.3 �>=B@>;ь=V B>:5=8 7040G 4;O B@5=C20==O C=V25@A0;ь=>W <>45;V 

?8Aь<>2>3> 0A8AB5=BC 

#V4EV4 V7 28:>@8AB0==O< A?5FV0;ь=8E B>:5=V2 4;O 287=0G5==O 7040GV, 2V4><8E 

O: control codes, 4>72>;Oє >4=V9 <>45;V 28:>=C20B8 @V7=V 70240==O >1@>1:8 B5:ABC, 

B0:V O: ?5@5:;04, 28?@02;5==O ?><8;>:, 01> 35=5@0FVN B5:ABC, 7 28:>@8AB0==O< 

>4=0:>2>W 0@EVB5:BC@8. �;NG>28< 0A?5:B>< Fь>3> ?V4E>4C є 4>4020==O 4> 2EV4=8E 

40=8E A?5FV0;ь=>3> B>:5=0, O:89 A;C3Cє O: V=48:0B>@ :>=:@5B=>W 7040GV, O:C <>45;ь 

<0є 28:>=0B8. 

' Fь><C :>=B5:ABV, B0:V B>:5=8 :5@C20==O 4VNBь ?>4V1=> 4> :><0=4, O:V 

<>6CBь 7<V=N20B8 ?>254V=:C <>45;V, A?@O<>2CNG8 WW =0 28:>=0==O :>=:@5B=8E 

7040G. !0?@8:;04, C 28?04:C 7 <>45;;N, O:0 709<0єBьAO O: ?5@5:;04><, B0: V 

28?@02;5==O< B5:ABC, <>6=0 1C;> 1 28:>@8AB0B8 B>:5= "[SIMPLIFY]" 4;O 0:B820FVW 

@568<C ?5@5:;04C, V B>:5= "[CORRECT]" 4;O 0:B820FVW @568<C 28?@02;5==O 

?><8;>:. &0:V B>:5=8 28:>@8AB>2C20;8AO V 25;8:8E <>2=8E <>45;OE, B0:8E O: 

CTRL: A Conditional Transformer Language Model for Controllable Generation [61]. 

 >45;V 0@EVB5:BC@8 B@0=AD>@<5@ >A>1;82> 4>1@5 ?V4E>4OBь 4;O Fь>3> 

?V4E>4C, >A:V;ь:8 2>=8 265 740B=V @>7C<VB8 :>=B5:AB B0 206;82VABь ?>78FV>=C20==O 

B>:5=V2 C 2EV4=><C B5:ABV. *5 @>18Bь WE 30@=8<8 :0=4840B0<8 4;O @>7C<V==O B0 

2V4?>2V4=>W @50:FVW =0 B>:5=8 :5@C20==O. &0:8< G8=><, <>45;ь <>65, =0?@8:;04, 

28:>=C20B8 7040GV 28?@02;5==O ?><8;>: C B5:ABV, 35=5@0FVW 2V4?>2V459, 01> 

AB8A=5==O V=D>@<0FVW, 2 70;56=>ABV 2V4 B>3>, O:89 B>:5= :5@C20==O W9 ?>40=>. 

 �06;828< =N0=A>< 28:>@8AB0==O control codes 2 =59@>==8E <5@560E, 

>A>1;82> B8E, I> 107CNBьAO =0 B@0=AD>@<5@0E V 28:>@8AB>2CNBь <5E0=V7< BPE 

(Byte Pair Encoding), є 4>4020==O F8E B>:5=V2 157?>A5@54=ь> 4> A;>2=8:0 <>45;V. 

*5 @>18BьAO 4;O B>3>, I>1 70?>1V3B8 WE @>718BBN =0 <5=HV G0AB8=8, O: F5 

2V41C20єBьAO 2 ?@>F5AV AB0=40@B=>3> B>:5=V7C20==O. 

' 28?04:C, O:I> A?5FV0;ь=89 B>:5= =5 2:;NG5=89 4> A;>2=8:0 <>45;V, 2V= 

<>65 1CB8 @>74V;5=89 =0 <5=HV AC1B>:5=8, I> <>65 ?@8725AB8 4> 2B@0B8 9>3> 

A5<0=B8G=>3> 7=0G5==O V, O: =0A;V4>:, 4> 7<5=H5==O 5D5:B82=>ABV <>45;V. 
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!0?@8:;04, O:I> <>45;ь B@5=CєBьAO @>7?V7=020B8 B>:5= "[TRANSLATE]" O: 

V=48:0B>@ 4;O ?5@5:;04C B5:ABC, 0;5 F59 B>:5= =5 2:;NG5=89 4> A;>2=8:0, 2V= <>65 

1CB8 ?>4V;5=89 =0 "[", "TRANSL", "ATE", "]", I> @>18Bь 9>3> =5@>7?V7=020=8< 4;O 

<>45;V O: є48=89 A?5FV0;ь=89 B>:5=. 

 "4=VєN 7 :;NG>28E ?5@5203 ?V4E>4C є B5, I> 2V= =5 28<030є 4>4020==O 7=0G=>W 

:V;ь:>ABV =>28E ?0@0<5B@V2 4> <>45;V. *5 2V4@V7=Oє F59 ?V4EV4 2V4 V=H8E <5B>4V2, 

B0:8E O: 28:>@8AB0==O 040?B5@V2 01> A?5FV0;V7>20=8E H0@V2, O:V <>6CBь ACBBє2> 

71V;ьH8B8 7030;ь=89 @>7<V@ <>45;V. 

 

&01;8FO 3.13 3 $57C;ьB0B8 B@5=C20==O <>45;V BART 7 28:>@8AB0==O< :>=B@>;ь=8E 

B>:5=V2 
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AssistantScore # ?0@0<5B@V2 

>:@5<V <>45;V 66.0 39.6 26.0 229.1 417 M 

1 :>=B@>;ь=89 B>:5= 57.4 30.7 19.2 188.5 139 M 

3 :>=B@>;ь=V B>:5=8 58.4 30.8 21.2 194.0 139 M 

5 :>=B@>;ь=8E B>:5=V2 58.6 30.7 21.0 193.9 139 M 

 

' ?V4E>4V 7 B>:5=0<8 :5@C20==O >A=>2=V 7<V=8, O:V 2=>AOBьAO 2 <>45;ь, 

?>;O30NBь C 4>4020==V =525;8:>W :V;ь:>ABV =>28E B>:5=V2 4> A;>2=8:0. "A:V;ь:8 

:>65= B0:89 B>:5= :5@C20==O 709<0є ;8H5 =525;8:89 >1'є< ?0<'OBV, 7030;ь=89 

2?;82 =0 @>7<V@ <>45;V <V=V<0;ь=89. *5 @>18Bь ?V4EV4 >A>1;82> ?@8201;828< 4;O 

70AB>AC20=ь, 45 >1<565==O ?0<'OBV 01> >1G8A;N20;ь=V @5AC@A8 є :@8B8G=8<8 

D0:B>@0<8. 

"A=>2=89 ?0@0<5B@, O:89 <>6=0 7<V=N20B8 F5 :V;ь:VABь B>:5=V2 4;O :>6=>W 

:>=:@5B=>W 7040GV. *5 4>72>;Oє B>G=> =0;0HBC20B8 ?>254V=:C <>45;V, 70157?5GCNG8 

1V;ьHC 040?B82=VABь B0 3=CG:VABь. !0?@8:;04, 4;O 7040GV ?5@5:;04C <>6=0 225AB8 

A5@VN B>:5=V2, B0:8E O: "[TRANSLATE]", "[TRANSLATE_1]", "[TRANSLATE_2]", 

..., "[TRANSLATE_N]". 
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*59 <5B>4 40є <>6;82VABь 71V;ьH8B8 "5:A?@5A82=C A8;C" 7040GV, =040NG8 

<>45;V 1V;ьH 3=CG:V <>6;82>ABV 4;O @503C20==O =0 28<>38 7040GV. *5 4>72>;Oє 

>4=V9 <>45;V 5D5:B82=> 2?>@0B8AO 7 H8@>:8< A?5:B@>< 70240=ь, 28:>@8AB>2CNG8 

@V7=V AB@0B53VW >1@>1:8 4;O :>6=>3> 28?04:C. 

 З B01;8FV 3.13 <>6=0 ?><VB8B8, I> =5 482;OG8Aь, I> :>=B@>;ь=V B>:5=8 

40NBь 3V@HV @57C;ьB0B8 =V6 45O:V :>=DV3C@0FVW 040?B5@V2 B0 A?5FV0;V7>20=8E 

45:>45@V2, 2>=8 <0965 =5 ?>B@51CNBь 4>40=8E ?0@0<5B@V2. $57C;ьB0B8 2A5->4=> 

=01;860NBьAO V=H8E ?V4E>4V2, 0 7 B>G:8 7>@C O:>ABV =0 >48= ?0@0<5B@ ?V4EV4 27030;V 

45<>=AB@Cє =09:@0IC O:VABь. 

 

3.4.4 #>:@0I5==O C=V25@A0;ь=8E <>45;59 ?8Aь<>2>3> 0A8AB5=BC 70 4>?><>3>N 
40=8E 735=5@>20=8<8 25;8:8<8 <>2=8<8 <>45;O<8 

"B65, C ?>?5@54=VE A5:FVOE ?V4@>74V;C <8 A?@>1C20;8 @V7=V ?V4E>48 ?> 

?>1C4>2V C=V25@A0;ь=>W <>45;V 740B=>W 28@VHC20B8 <=>68=C 7040G ?8Aь<>2>3> 

0A8AB5=B0. �C;> ?@>2545=> ?>@V2=O==O 7 28?04:><, :>;8 4;O :>6=>W 7040GV 

28:>@8AB>2CєBьAO >:@5<0 <>45;ь V, >GV:C20=>, F59 ?V4EV4 40є =09:@0IC O:VABь, E>G0 

є 4>A8Bь =55D5:B82=8< 7 B>G:8 7>@C 5D5:B82=>ABV ?0@0<5B@V2. 

�>AV <8 =5 28:>@8AB>2C20;8 =>289 =01V@ 40=8E, AB2>@5=89 @0<:0E 40=>W 

@>1>B8.  >20 945 ?@> A8=B5B8G=V 40=V, 735=5@>20=V 25;8:>N <>2=>N <>45;;N 

ChatGPT C $>74V;V 3.2. �8:>@8AB0==O F8E 40=8E ?>B5=FV9=> <>65 7<5=H8B8 

@V7=8FN <V6 C=V25@A0;ь=8<8 <>45;O<8 B0 A?5FV0;V7>20=8<8.  

' @0<:0E 48A5@B0FV9=>W @>1>B8, <8 A?@>1C20;8 @V7=V :>=DV3C@0FVW B@5=C20==O 

7 28:>@8AB0==O< A8=B5B8G=8< 40=8E: ?>5B0?=5 B@5=C20==O, :><1V=C20==O 40=8E C 

@V7=8E =01>@0E. �0;V <8 ?@575=BCє<> @57C;ьB0B8 7 :><1V=C20==O 40=8E, >A:V;ь:8 

B0:89 ?V4EV4 ?>:0702 =09:@0IV @57C;ьB0B8 =0 B5AB>28E 40=8E. 

$57C;ьB0B C &01;8FV 3.14 ?V4B25@46Cє I> 40=V 735=5@>20=V 25;8:8<8 <>2=8<8 

<>45;O<8 ACBBє2> ?>:@0ICNBь O:VAь 01A>;NB=> 2AVE @>73;O=CB8E <>45;59. *5 

B0:>6 ?>:07Cє I> 25;8:V <>2=V <>45;V 4>AO3;8 ?@83>;><HCNGV @57C;ьB0B8 2 

>AB0==V @>:8, ?5@525@HCNG8 70 O:VABN @>1>BC 1030B> VA=CNG8E state-of-the-art 
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<>45;59 B0 1C4CG8 ?@8 Fь><C C=V25@A0;ь=8< V=AB@C<5=B, I> ?>:@820N 25;8:C 

<=>68=C 7040G. 

 

&01;8FO 3.14 3 $57C;ьB0B8 28:>@8AB0==O A8=B5B8G=8E 40=8E 4;O B@5=C20==O 

C=V25@A0;ь=8E B0 A?5FV0;ь=8E <>45;59 

 

A8=B5B. 
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Assistant 

Score 
# ?0@0<. 

>:@5<V <>45;V  66.0 39.6 26.0 229.1 417 M 

>:@5<V <>45;V X 71.3 41.9 29.4 248.5 417 M 

040?B5@ 256  60.4 34.5 22.4 205.6 151 M 

040?B5@ 256 X 65.2 36.1 25.3 221.6 151 M 

A?V;ь=89 5=:>45@ (2)  66.0 32.4 18.5 206.8 251 M 

A?V;ь=89 5=:>45@ (2) X 71.3 35.3 24.8 232.0 251 M 

5 :>=B@>;ь=8E B>:5=V2  58.6 30.7 21.0 193.9 139 M 

5 :>=B@>;ь=8E B>:5=V2 X 59.1 32.1 21.8 199.8 139 M 

 

&0:>6 <>6=0 ?><VB8B8, I> ACBBє2> ?>:@0I8;8AO @57C;ьB0B8 C=V25@A0;ь=8E 

<>45;59, >A>1;82> ?V4E>4V2 040?B5@ 256 B0 «A?V;ь=89 5=:>45@ (2)». "AB0==V9 

?>:07Cє :@0IC O:VABь =V6 >:@5<V <>45;V 4> 28:>@8AB0==O A8=B5B8G=8E 40=8E. 

&0:8< G8=><, 735=5@>20=V C @0<:0E FVєW 48A5@B0FV9=>W @>1>B8 40=V 4>72>;ONBь 

=04>;C68B8 2B@0B8 ?> O:>ABV 35=5@0FVW ?>2’O70=V 7 ?>1C4>2>N 1V;ьH C=V25@A0;ь=8E 

<>45;59. 

' B>9 65 G0A, 28:>@8AB0==O 040?B5@V2 7 ?@8E>20=8< H0@>< 256 ;8H0єBьAO 

=091V;ьH 5D5:B82=8< ?V4E>4>< 7 B>G:8 7>@C O:>ABV =0 :V;ь:VABь ?0@0<5B@V2. &0:89 

@57C;ьB0B C <5B@8FV є A0<5 B8<, G>3> <8 E>G5<> 4>AO3B8 C 48A5@B0FV9=V9 @>1>BV. 

#5@52038 ?>2’O70=V 7V H284:>4VєN C ?V4E>4V 7V A?V;ь=8< 5=:>45@>< ?@0FNNBь 

BV;ь:8 B>4V, :>;8 =5>1EV4=> 28:>=0B8 45:V;ь:0 7040G 4;O >4=>3> 9 B>3> A0<>3> 

2EV4=>3> @5G5==O, I> =5 G0AB> B@0?;OєBьAO C 7040G0E ?8Aь<>2>3> 0A8AB5=BC, 45 

28?@02;5==O 70AB>A>2CNBь ?>A;V4>2=>. /:VABь ?V4E>4C 7 :>=B@>;ь=8<8 B>:5=0<8, 
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=5 482;OG8Aь =0 5D5:B82=VABь, =5 є 4>AB0B=ь>N. %0<5 B><C C =0ABC?=8E @>74V;0E <8 

:>=F5=B@Cє<>AO =0 ?V4E>4V 7 040?B5@0<8 256. 

 

3.5 "?B8<V70FVO H284:>ABV @>1>B8 C=V25@A0;ь=>W =59@>==>W <5@56V 4;O 7040G 
?8Aь<>2>3> 0A8AB5=BC 

 "B65, B5?5@, :>;8 <8 287=0G8;8AO 7 281>@>< DV=0;ь=>W 0@EVB5:BC@8 B0 O:VABN 

<>45;V, <>6=0 ?5@59B8 4> >AB0==ь>3> 5B0?C 3 >?B8<V70FVW.  8 ?@03=5<> 

70157?5G8B8, I>1 =0H0 <>45;ь ?@0FN20;0 H284:> V 5D5:B82=>. #8Aь<>289 

0A8AB5=B ?>28=5= =04020B8 H284:V 28?@02;5==O, =5 A?>2V;ь=NNG8 @>1>BC 

:>@8ABC20GV2. 

 

3.5.1 �8:>@8AB0==O 1V1;V>B5:8 ONNX 4;O >?B8<V70FVW H284:>ABV @>1>B8 
<>45;59 

 "4=8< 7 >A=>2=8E =0?@O<:V2 >?B8<V70FVW =0H>W <>45;V є 28:>@8AB0==O Open 

Neural Network Exchange (ONNX) [62], C=V25@A0;ь=>3> D>@<0BC 4;O =59@>==8E 

<5@56. ONNX 4>72>;Oє ?5@5B2>@N20B8 <>45;V 7 @V7=8E D@59<2>@:V2 <0H8==>3> 

=02G0==O C AB0=40@B=89 D>@<0B, I> 7=0G=> ?>;53HCє WE=є 28:>@8AB0==O B0 

V=B53@0FVN 2 @V7=V A8AB5<8. *O B5E=>;>3VO =5 BV;ь:8 70157?5GCє 3=CG:VABь C 

28:>@8AB0==V <>45;V =0 @V7=8E ?;0BD>@<0E, 0;5 9 >?B8<V7Cє WW 28:>=0==O, 

4>72>;ONG8 <>45;V ?@0FN20B8 H284H5 V 5D5:B82=VH5. 

ONNX є 206;828< 5;5<5=B>< 2 5:>A8AB5<V <0H8==>3> =02G0==O, >A:V;ь:8 

2V= A?@>ICє ?@>F5A ?5@5=5A5==O <>45;59 <V6 @V7=8<8 D@59<2>@:0<8. ONNX 

70157?5GCє C=VDV:>20=89 D>@<0B D09;V2 4;O 715@V30==O =59@>==8E <5@56, I> 

4>72>;Oє @>7@>1=8:0< 28:>@8AB>2C20B8 <>45;V, =02G5=V 70 4>?><>3>N >4=>3> 

D@59<2>@:C, C V=H8E D@59<2>@:0E 157 =5>1EV4=>ABV ?5@5=02G0==O 01> 7=0G=>W 

?5@5@>1:8 :>4C. 

*O <>6;82VABь ?5@5B2>@5==O V AC<VA=>ABV є >A>1;82> :>@8A=>N 2 C<>20E, 

:>;8 @>7@>1=8:8 E>GCBь 28:>@8AB>2C20B8 ?5@54>2V =59@>==V <5@56V, @>7@>1;5=V 2 

0:045<VG=8E 4>A;V465==OE 01> 2 V=H8E D@59<2>@:0E, 4;O 28@VH5==O @50;ь=8E 
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1V7=5A-7040G. ONNX CAC20є 10@'є@8, I> 28=8:0NBь G5@57 @V7=8FN 2 V=AB@C<5=B0E B0 

4>72>;Oє 28:>@8AB>2C20B8 ?5@54>2V 4>AO3=5==O <0H8==>3> =02G0==O 157 ?@82'O7:8 

4> :>=:@5B=>3> D@59<2>@:C. 

 

 <E. 3.7 – З4EFBEG64AAO ONNX. # A4LB@G 6<C48>G @< C9D9ABE<@B A9=DBAAG 

@9D9:G A4FD9AB64AG A4 PyToch 8?O 6<>BD<EF4AAO A4 GPU 

 

"4=VєN 7 :;NG>28E ?5@5203 ONNX є 9>3> ?V4B@8<:0 H8@>:>3> A?5:B@C 

D@59<2>@:V2. !0?@8:;04, <>45;V, @>7@>1;5=V C PyTorch, TensorFlow, Keras 01> 

Microsoft Cognitive Toolkit, <>6CBь 1CB8 ;53:> ?5@5B2>@5=V 4> D>@<0BC ONNX. *5 

@>18Bь ONNX V450;ь=8< 281>@>< 4;O :><?0=V9 B0 @>7@>1=8:V2, O:V E>GCBь 

<0:A8<V7C20B8 28:>@8AB0==O A2>WE <>45;59 C @V7=><0=VB=8E 4>40B:0E V A5@2VA0E. 

ONNX B0:>6 2V4V3@0є 206;82C @>;ь C >?B8<V70FVW ?@>4C:B82=>ABV. �>;8 

<>45;ь ?5@5B2>@5=0 4> D>@<0BC ONNX, 2>=0 <>65 1CB8 4>40B:>2> >?B8<V7>20=0 

4;O :>=:@5B=8E >1G8A;N20;ь=8E ?;0BD>@<, B0:8E O: GPU 01> FPGA. *5 >7=0G0є, 

I> <>45;ь <>65 1CB8 =0;0HB>20=0 4;O 5D5:B82=>3> 28:>@8AB0==O @5AC@AV2 

:>=:@5B=>3> >1;04=0==O, I> ?V428ICє WW H284:VABь B0 5D5:B82=VABь. 

ONNX B0:>6 ?V4B@8<Cє :>=F5?FVN 3@0DVG=8E >?B8<V70FV9, 45 >1G8A;N20;ь=V 

3@0D8 <>45;V <>6CBь 1CB8 B@0=AD>@<>20=V 4;O ?V428I5==O 5D5:B82=>ABV. *V 

>?B8<V70FVW <>6CBь 2:;NG0B8 2 A515 A:>@>G5==O =5?>B@V1=8E >?5@0FV9, >1'є4=0==O 
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H0@V2 4;O 7<5=H5==O 70B@8<:8 B0 28:>@8AB0==O 1V;ьH 5D5:B82=8E 0;3>@8B<V2 4;O 

?52=8E <0B5<0B8G=8E >?5@0FV9. 

 

 <E. 3.8 – �C<E BEAB6A<I CD<AJ<CV6 (HGA>JV=) DB5BF< ONNX 

 

&0:8< G8=><, ONNX ?@54AB02;Oє A>1>N ?>BC6=89 V=AB@C<5=B, O:89 

70157?5GCє 3=CG:VABь, H284:VABь B0 5D5:B82=VABь 4;O =59@>==8E <5@56, 

?V428ICNG8 O:VABь B0 H284:VABь @>7@>1:8 B0 2?@>20465==O <>45;59 <0H8==>3> 

=02G0==O. *5 @>18Bь ONNX =570<V==8< @5AC@A>< C ACG0A=><C H284:>7<V==><C 

A2VBV <0H8==>3> =02G0==O B0 HBCG=>3> V=B5;5:BC. 

 8 1C45<> 28:>@8AB>2C20B8  4;O :>=25@B0FVW <>45;V C 

D>@<0B ONNX (.onnx). *59 ?V4EV4 28:>@8AB>2Cє TorchScript 15:-5=4 V ?>B@51Cє 

?@>3=0B8 B5=7>@ 4;O B>3>, I>1 ?>1C4C20B8 3@0D. #@8 G><C =5 206;82V 2EV4=V 

7=0G5==O, ;8H5 D>@<0B <0є 1CB8 int (B0:, O: =0 2EV4 ?>40NBьAO V=45:A8 7 BPE 

A;>2=8:0) B0 2V4?>2V4=0 D>@<0B B5=7>@0 (shape), I>1 ?@>EV4 1C2 <0B5<0B8G=> 

<>6;828<. 
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3.5.2 �20=B870FVO 4;O 203V2 =59@>==8E <5@56 4;O >?B8<V70FVW H284:>ABV 

@>1>B8  

!0ABC?=8< :@>:>< 4;O ?>:@0I5==O H284:>ABV @>1>B8 <>45;V є 

:20=B87C20==O 203V2 [63]. �20=B870FVO є ?@>F5A>< 7<5=H5==O B>G=>ABV G8A5;, O:V 

28:>@8AB>2CNBьAO 4;O 715@V30==O B0 >1@>1:8 203V2 V 0:B820FV9 C <>45;OE. �>;>2=0 

<5B0 :20=B870FVW ?>;O30є 2 B><C, I>1 7<5=H8B8 >1AO3 ?0<'OBV, O:89 709<0є <>45;ь, 

B0 ?V428I8B8 H284:VABь WW >1G8A;5=ь, I> є 206;828< 4;O 2?@>20465==O <>45;59 2 

>1<565=V >1G8A;N20;ь=V A5@54>28I0, B0:V O: <>1V;ь=V ?@8AB@>W 01> 21C4>20=V 

A8AB5<8, 0 B0:>6 4;O >?B8<V70FVW H284:>4VW =0 A5@25@0E. 

"4=0: :20=B870FVO B0:>6 <0є A2>W 28:;8:8. З<5=H5==O B>G=>ABV 40=8E <>65 

?@8725AB8 4> 2B@0B8 V=D>@<0FVW, I> ?>B5=FV9=> <>65 2?;8=CB8 =0 B>G=VABь <>45;V. 

&><C 206;82> @5B5;ь=> B5ABC20B8 :20=B87>20=C <>45;ь, I>1 ?5@5:>=0B8AO, I> 

2>=0 715@V30є ?@89=OB=89 @V25=ь B>G=>ABV 4;O 7040=>3> 70AB>AC20==O. 

#@>F5A :20=B870FVW 70728G09 2:;NG0є 2 A515 420 >A=>2=8E 5B0?8: 

:0;V1@C20==O B0 ?5@5B2>@5==O. #V4 G0A :0;V1@C20==O <>45;ь ?@>E>48Bь G5@57 =01V@ 

40=8E, I>1 287=0G8B8 >?B8<0;ь=V ?0@0<5B@8 4;O :20=B870FVW (=0?@8:;04, 

<V=V<0;ь=V B0 <0:A8<0;ь=V 7=0G5==O 4;O :>6=>3> H0@C). !0 5B0?V ?5@5B2>@5==O FV 

?0@0<5B@8 28:>@8AB>2CNBьAO 4;O 70<V=8 Float32 203 B0 0:B820FV9 =0 WE=V Int8 

5:2V20;5=B8 [64]. 

 

 

 <E. 3.9 – !I9@4F<KA<= CD<>?48 DB5BF< >64AF<;4JVW  
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�A=CNBь @V7=V @V2=V B0 <5B>48 :20=B870FVW, 0;5 42><0 7 =09?>?C;O@=VH8E є 

?5@5EV4 2V4 Float32 (32-1VB=V G8A;0 7 ?;020NG>N :><>N) 4> FP16 (16-1VB=V G8A;0 7 

?;020NG>N :><>N) V 4> Int8 (8-1VB=V FV;V G8A;0). 

$>73;O=5<> A?>G0B:C >A>1;82>ABV ?5@H>3> ?V4E>4C 3 FP16 (Half-Precision 

Floating-Point): 

• FP16 709<0є ?>;>28=C ?0<'OBV, ?>@V2=O=> 7 Float32, I> 4>72>;Oє 71V;ьH8B8 

?@>?CA:=C A?@><>6=VABь V 7<5=H8B8 28:>@8AB0==O ?0<'OBV. 

• "A>1;82> 5D5:B82=89 4;O 28:>@8AB0==O =0 GPU, O:V >?B8<V7>20=V 4;O 

>1@>1:8 FP16, 4>72>;ONG8 H284H5 28:>=C20B8 >?5@0FVW 7 =59@>==8<8 

<5@560<8. 

• )>G0 FP16 70157?5GCє <5=HC B>G=VABь ?>@V2=O=> 7 Float32, 4;O 1030Bь>E 

70240=ь Fь>3> 4>AB0B=ь>, V 2B@0B8 2 B>G=>ABV G0AB> =57=0G=V. 

 

�0;V ?5@5945<> 4> =0ABC?=>3> ?V4E>4C 3 Int8 (8-Bit Integer Quantization), O:89 

B56 є 4>2>;V ?>?C;O@=8<: 

• Int8 :20=B870FVO 7<5=HCє B>G=VABь 4> 8-1VB=8E FV;8E G8A5;, I> 70157?5GCє I5 

1V;ьHC 5:>=><VN ?0<'OBV B0 H284:VABь >1G8A;5=ь. 

• �8:>@8AB0==O Int8 <>65 1CB8 >A>1;82> 5D5:B82=8< C 21C4>20=8E A8AB5<0E 

B0 <>1V;ь=8E ?@8AB@>OE, 45 >1<565==O ?0<'OBV B0 >1G8A;N20;ь=>W ?>BC6=>ABV 

є :@8B8G=8<8. 

• "4=0: ?5@5EV4 4> Int8 28<030є @5B5;ь=>3> :0;V1@C20==O B0 B5ABC20==O, 

>A:V;ь:8 1V;ьH 7=0G=0 7<V=0 B>G=>ABV <>65 2?;8=CB8 =0 ?>254V=:C B0 

B>G=VABь <>45;V. 

 

З0AB>AC20==O :20=B870FVW C ONNX <>45;OE є :;NG>2>N AB@0B53VєN 4;O 

?>:@0I5==O 5D5:B82=>ABV 28:>=0==O =59@>==8E <5@56, >A>1;82> :>;8 <>20 945 

?@> 70AB>AC20==O <>45;59 C A5@54>28I0E 7 >1<565=8<8 >1G8A;N20;ь=8<8 

@5AC@A0<8, B0:8E O: <>1V;ь=V ?@8AB@>W G8 21C4>20=V A8AB5<. 
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ONNX, O: C=V25@A0;ь=89 D>@<0B 4;O =59@>==8E <5@56, ?V4B@8<Cє 

:20=B870FVN, 4>72>;ONG8 B@0=AD>@<C20B8 28A>:>B>G=V <>45;V 2 1V;ьH :><?0:B=V 

B0 5D5:B82=V 25@AVW. #@8 70AB>AC20==V :20=B870FVW C <>45;OE ONNX, 206;82> 

?@>25AB8 @5B5;ь=5 :0;V1@C20==O, I>1 70157?5G8B8, I> 7=865==O B>G=>ABV =5 

?@872545 4> 7=0G=>W 2B@0B8 C O:>ABV 28:>=0==O 7040GV. �0;V1@C20==O G0AB> 2:;NG0є 

2 A515 ?@>F5A 71>@C AB0B8AB8:8 ?@> @>7?>4V; 40=8E C <>45;V, I>1 287=0G8B8 

>?B8<0;ь=V 4V0?07>=8 4;O :20=B870FVW. #VA;O :0;V1@C20==O, <>45;ь <>65 1CB8 

?5@5B2>@5=0 4> :20=B87>20=>W D>@<8, 3>B>2>W 4> 2?@>20465==O. 

 

&01;8FO 3.15 3 ,284:VABь @>1>B8 <>45;59 2 70;56=>ABV 2V4 70AB>AC20==O 1V1;V>B5:8 

ONNX B0 :20=B870FVW 

(>@<0B <>45;V &>G=VABь 203V2 
,284:VABь 

35=5@0FVW (<A) 

Assistant 

Score 

PyTorch FP32 1.68 221.6 

ONNX FP32 1.59 221.6 

ONNX FP16 1.24 221.5 

ONNX INT8 0.91 220.3 

 

�20=B870FVO <>65 1CB8 >A>1;82> :>@8A=>N 4;O <>45;59, O:V 

28:>@8AB>2CNBьAO 2 4>40B:0E @50;ь=>3> G0AC, 45 H284:VABь 2V43C:C є :@8B8G=>N, 

=0?@8:;04, 2 70AB>AC=:0E 4;O ?5@5:;04C <>28, @>7?V7=020==O <>2;5==O 01> 

:><?'NB5@=>3> 7>@C. � F8E 28?04:0E, :20=B87>20=V ONNX <>45;V <>6CBь 

70157?5G8B8 ?>B@V1=C ?@>4C:B82=VABь 157 7=0G=>W 2B@0B8 C B>G=>ABV. 

�06;82> B0:>6 2@0E>2C20B8, I> :20=B870FVO <>65 1CB8 =5 702648 ?@840B=0 

4;O 45O:8E B8?V2 7040G 01> 40=8E. !0?@8:;04, C 28?04:0E, 45 =5>1EV4=0 28A>:0 

B>G=VABь (=0?@8:;04, C <548G=8E 4>40B:0E), <>65 1CB8 4>FV;ь=VH5 715@53B8 28IC 

B>G=VABь 40=8E. 

�;O >FV=:8 H284:>ABV @>1>B8 <>45;V, <8 1C45<> 28:>@8AB>2C20B8 :V;ь:VABь 

>1@>1;5=8E @5G5=ь =0 A5:C=4C 7 =01>@C 40=8E NUCLE. ,284:VABь C<>2=>W 
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35=5@0FVW 70;568Bь 2 B><C G8A;V 2V4 :V;ь:>ABV 735=5@>20=8E B>:5=V2, 0 B><C 

2V4@V7=OєBьAO 2 70;56=>ABV 2V4 7040GV. !0?@8:;04, 7040G0 28?@02;5==O ?><8;>: 2 

A5@54=ь><C ?>25@B0є 1V;ьH5 B>:5=V2 =V6 1C;> C 2EV4=V9 ?>A;V4>2=>ABV, 7040G0 

?5@5D@07C20==O 70;8H0є WW =57<V==>N, 0 A?@>I5==O B5:ABC >GV:C20=> 7<5=HCє 

2EV4=C :V;ь:VABь B>:5=V2. ,284:VABь 6 35=5@0FVW 1 B>:5=0 70;8H0єBьAO =57<V==>N, 

B><C F5 є E>@>H8< >@Vє=B8@>< 4;O >FV=:8 @>1>B8 <>45;V.  

&0:>6 70DV:ACє<> V 0?0@0B=5 70157?5G5==O. �;O CAVE 5:A?5@8<5=BV2 7V 

H284:VABN 1C;> 28:>@8AB0=> NVIDIA Tesla V100. �V;ь:VABь @5G5=ь I> 

>1@>1;NNBьAO ?0@0;5;ь=> (batch size) AB0=>28Bь 100. !03040є<>, I> C 

?>?5@54=ь><C @>74V;V <8 28@VH8;8 28:>@8AB>2C20B8 <>45;ь BART 7 040?B5@0<8 

@>7<V@=VABN ?@8E>20=>3> H0@C 256. 

�0;V :>;8 <8 >1@0E>2Cє<> H284:VABь 35=5@0FVW, B> @0ECє<> G0A =0 35=5@0FVN 

>4=>3> B>:5=0, 2@0E>2CNG8 ?0@0;5;ь=89 10BG8=3. &>1B> O:I> O:I> <8 70 10 A5:C=4 

735=5@C20;8 20 B>:5=V2 7 10BG5< 30. &> H284:VABь 35=5@0FVW = 1020∙30 

/: 10G8<> V 1V1;V>B5:0 ONNX, V :20=B870FVO ?><VB=> ?@8H284HCNBь 

H284:VABь @>1>B8 >1@0=>W <>45;V ?8Aь<>2>3> 0A8AB5=BC. � B>9 65 G0A, O:VABь =0 

1V;ьH>ABV 5B0?V2 =5 2B@0G0єBьAO (01> 2B@0G0єBьAO <V=V<0;ь=>), 0 @>7<V@ <>45;V 

7<5=HCєBьAO C 45:V;ь:0 @07V2, I> @>18Bь WW FV;:>< ?@840B=>N 4;O 28:>@8AB0==O =0 

<>1V;ь=8E ?@8AB@>OE. &0:>6 A;V4 707=0G8B8, I> 7 :20=B870FVєN ?0<’OBь =0 GPU 

282V;ь=NєBьAO, 0 B><C <>6=0 ACBBє2> 71V;ьHC20B8 @>7<V@ 3@C?8 (batch size), I> <0є 

7@>18B8 H284:VABь 35=5@0FVW I5 :@0I>N. 

&0:8< G8=><, C 40=V9 48A5@B0FV9=V @>1>BV, <8 >B@8<0;8 5D5:B82=C B0 O:VA=C 

=59@>==C <5@56C 740B=C 28:>=C20B8 3 7040GV ?8Aь<>2>3> 0A8AB5=B0: 28?@02;5==O 

3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>:, A?@>I5==O B5:ABC B0 ?5@5D@07C20==O. 'AV 

3 7040GV <>45;ь 28:>=Cє =0 2V4=>A=> 28A>:><C @V2=V, ?>:07CNG8 :@0IV @57C;ьB0B8 

70 25;8:C :V;ь:VABь >:@5<8E A?5FV0;V7>20=8E <>45;59. 
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��%!"��� 

!0 >A=>2V @57C;ьB0BV2, >B@8<0=8E ?@>BO3>< @>1>B8 =04 48A5@B0FV9=8< 

4>A;V465==O<, <>6=0 7@>18B8 =0ABC?=V 28A=>2:8: 

1. �5B0;ь=89 0=0;V7 B@ь>E 7040G C<>2=>W 35=5@0FVW B5:ABC (28?@02;5==O 

3@0<0B8G=8E B0 >@D>3@0DVG=8E ?><8;>:, A?@>I5==O B5:ABC B0 

?5@5D@07C20==O) ?>:0702 5D5:B82=VABь VA=CNG8E =01>@V2 40=8E, <5B@8: 

>FV=:8 O:>ABV B0 ?@>2V4=8E ?@0:B8: 4;O F8E 7040G. !09:@0IV ?V4E>48 <0NBь 

?52=V A?V;ь=V @8A8 B0 V45W, O:V 1C;8 70AB>A>20=V C @>1>BV. 

2. �><1V=>20=89 <5B>4 >FV=:8 4;O O:>ABV @>1>B8 A8AB5< =0 7040G0E C<>2=>W 

35=5@0FVW B5:ABC 4>72>;Oє =04V9=> >FV=N20B8, O: 4>1@5 <>45;ь 28:>=Cє 7040GV 

?8Aь<>2>3> 0A8AB5=BC, 2@0E>2CNG8 206;82VABь 7040G 4;O ?8Aь<>2>3> 

0A8AB5=BC, O:VABь VA=CNG8E B5ABC20;ь=8E =01>@V2 40=8E B0 GCB;82VABь 

>1@0=8E <5B@8:.  

3. !>289 =01V@ 40=8E 4;O B@5=C20==O ?8Aь<>28E 0A8AB5=BV2, 7V1@0=89 

28:>@8AB>2CNG8 >AB0==V 74>1CB:8 C =0?@O<:C >1@>1:8 ?@8@>4=8E <>2 -

0=>B0FVN 70 4>?><>3>N 25;8:8E <>2=8E <>45;59, ACBBє2> ?>:@0ICє O:VABь 

@>73;O=CB8E <>45;59 =570;56=> 2V4 0@EVB5:BC@8. /:VABь 70;568Bь 2V4 281>@C 

2EV4=8E >?8AV2 4;O :>6=>W 7 B@ь>E 7040G.  

4. %?5FV0;V7>20=V <>45;V, @>7@>1;5=V 4;O :>6=>W 7 >1@0=8E 7040G, 

45<>=AB@CNBь ?5@5203C =04 V=H8<8 <5B>40<8, >A>1;82> C ?;0=V 040?B0FVW 

4> A?5F8DVG=8E C<>2 70240=ь V B@5=C20;ь=8E 40=8E. !091V;ьH ?5@A?5:B82=V 

0@EVB5:BC@8 =59@>==8E <5@56 4;O C<>2=>W 35=5@0FVW B5:ABC: RNN, CNN, 

B@0=AD>@<5@, BART. 

5. '=V25@A0;ь=0 =59@>==0 <5@560, 740B=0 28:>=C20B8 @V7=><0=VB=V 70240==O 

?8Aь<>2>3> 0A8AB5=B0, 2V4:@820є <>6;82>ABV 4;O ?V428I5==O 5D5:B82=>ABV 

@>1>B8. �@EVB5:BC@0 040?B5@ 4>72>;Oє AB2>@5==O є48=>W <5@56V 157 7=0G=>W 

2B@0B8 O:>ABV. 

6. (V=0;ь=0 C=V25@A0;ь=0 <>45;ь CA?VH=> >?B8<V7>20=0 4;O 70157?5G5==O 

H284H>W @>1>B8 157 7=0G=8E 2B@0B C O:>ABV. �8:>@8AB0==O B5E=>;>3V9, 
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B0:8E O: ONNX B0 :20=B870FVO 203V2, A?@8Oє 5D5:B82=><C 2?@>20465==N 

F8E <>45;59 4;O ?@0:B8G=>3> 70AB>AC20==O.  
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