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Ðîçãëÿíóòî òà ïðîàíàëiçîâàíî ïåðåäîâi ìåòîäè ãåíåðóâàííÿ ïðèðîäíî¨ ìîâè çà
äîïîìîãîþ øòó÷íèõ íåéðîííèõ ìåðåæ. Âèÿâëåíî ïåðåâàãè i íåäîëiêè öèõ ìåòîäiâ i
íà ïiäñòàâi öi¹¨ iíôîðìàöi¨ ñïðî¹êòîâàíî òà íàòðåíîâàíî øòó÷íèé iíòåëåêò, çäàòíèé
ïèñàòè ñëîâà äî ïiñåíü. Â ìåæàõ öüîãî äîñëiäæåííÿ áóëî çiáðàíî òðåíóâàëüíèé íàáið ç
35 òèñÿ÷ ðÿäêiâ ç óêðà¨íñüêèõ ïiñåíü. Áóëî ñïðî¹êòîâàíî ìîäåëü øòó÷íîãî iíòåëåêòó ç
âèêîðèñòàííÿì GRU. Îïèñàíî ðåçóëüòàò ðîáîòè öi¹¨ ìîäåëi i ïðîàíàëiçîâàíî çãåíåðî-
âàíi òåêñòè. Òàêîæ áóëî çàçíà÷åíî ìîæëèâi íàïðÿìè ïîëiïøåííÿ ãåíåðîâàíèõ ñëiâ äî
êîìïîçèöié i ¨õ âèêîðèñòàííÿ.

Êëþ÷îâi ñëîâà: ãåíåðóâàííÿ ïðèðîäíî¨ ìîâè, ðåêóðåíòíi íåéðîííi ìåðåæi, íàâ÷àííÿ
áåç â÷èòåëÿ, GRU, LSTM, âåáñêðàïiíã, BeautifulSoup4.

1. Âñòóï

Îñòàííi ïiäõîäè â íåéðîííèõ ìåðåæàõ, çîêðåìà ïðîãðåñèâíå ãëèáîêå íàâ÷àííÿ,
ñèëüíî âïëèíóëè íà ñôåðó øòó÷íîãî iíòåëåêòó (ØI), ðåãóëÿðíî âäîñêîíàëþþ÷è
ðiøåííÿ áàãàòüîõ ñêëàäíèõ çàâäàíü ó ðiçíèõ óíiêàëüíèõ îáëàñòÿõ. Ãåíåðóâàííÿ ïðè-
ðîäíî¨ ìîâè (NLG) íå ¹ îñîáëèâèì âèïàäêîì. Ó áàãàòüîõ çàäà÷àõ NLG âèêîðèñòàííÿ
ãëèáîêîãî íàâ÷àííÿ äàëî ðåçóëüòàòè, ÿêi åôåêòèâíî ïåðåâåðøèëè ðåçóëüòàòè iíøèõ
ØI òà ñòàòèñòè÷íèõ ìåòîäiâ, ÿêi âèêîðèñòîâóâàëèñü ðàíiøå.

Îäíi¹þ ç àêòóàëüíèõ çàäà÷ NLG çàðàç ¹ ãåíåðóâàííÿ ðèìîâàíîãî òåêñòó, òîáòî
âiðøiâ. Êðiì çâè÷àéíèõ âèìîã, òàêèõ ÿê ëîãi÷íà çâ'ÿçíiñòü, äî òåêñòó äîäà¹òüñÿ
íåîáõiäíiñòü ðèìóâàííÿ, ùî óñêëàäíþ¹ ïðîöåñ ãåíåðóâàííÿ â ðàçè.

2. Êîðîòêèé îãëÿä âiäîìèõ ïðî¹êòiâ

2.1. GhostWriter

GhostWriter äåìîíñòðó¹ åôåêòèâíiñòü LSTM (äîâãîòðèâàëî¨ êîðîòêî÷àñíî¨ ïà-
ì'ÿòi) ó çàäà÷i ñòâîðåííÿ ðåï òåêñòó. Ìåòà öi¹¨ ìîäåëi � ñòâîðèòè òåêñò, ÿêèé çà
ñòèëåì ïîäiáíèé äî ïåâíîãî àðòèñòà, àëå íå ñõîæèé íà iñíóþ÷i òåêñòè.

Íà âiäìiíó âiä iíøèõ ðîáiò, ÿêi âèçíà÷àþòü ÿâíi øàáëîíè äëÿ ãåíåðóâàííÿ
òåêñòó, öÿ ìîäåëü âèçíà÷à¹ âëàñíó ñõåìó ðèìè, äîâæèíó ðÿäêà òà äîâæèíó âiðøà.
Åêñïåðèìåíòè ñâiä÷àòü, ùî ìîäåëü äîâãîòðèâàëî¨ êîðîòêî÷àñíî¨ ïàì'ÿòi ñòâîðþ¹
òåêñòè êðàùå, íiæ áàçîâi ìîäåëi.
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Ðèñ. 1. Ìîäåëü âóçëà LSTM

2.2. Text-based LSTM networks for Automatic Music

Composition by Keunwoo Choi, George Fazekas, Mark

Sandler

Ïðîïîíîâàíèé ñïîñiá îõîïëþ¹ äâà LSTM øàðè òà ãëèáîêå íàâ÷àííÿ ç âèêîðèñ-
òàííÿì ôðåéìâîðêó Keras. Çàïðîïîíîâàíà ìåðåæà ïðèçíà÷åíà äëÿ âèâ÷àííÿ çàëåæ-
íîñòåé âñåðåäèíi òåêñòîâèõ äîêóìåíòiâ.

Ó åêñïåðèìåíòàõ word-RNN (Recurrent Neural Networks) äàþòü õîðîøi ðåçóëüòà-
òè â îáîõ âèïàäêàõ, òîäi ÿê RNN íà ïiäñòàâi ñèìâîëiâ (char-RNN) âäà¹òüñÿ âèâ÷èòè
ëèøå ìóçè÷íi àêîðäè. Çàïðîïîíîâàíà ñèñòåìà ìîæå áóòè âèêîðèñòàíà äëÿ ïîâíiñòþ
àâòîìàòè÷íî¨ êîìïîçèöi¨ àáî ÿê íàïiâàâòîìàòè÷íà ñèñòåìà, ÿêà äîïîìàãà¹ ëþäÿì
ñêëàäàòè ìóçèêó, êåðóþ÷è ïàðàìåòðîì ðiçíîìàíiòíîñòi ìîäåëi.

2.3. MuseNet � 2019

Öå ìîäåëü ãåíåðóâàííÿ ìóçèêè âiä OpenAI. Âîíà âèêîðèñòîâó¹ íàéñó÷àñíiøó
àðõiòåêòóðó NLP � ìàñøòàáíó ìîäåëü òðàíñôîðìàòîðà äëÿ ïðîãíîçóâàííÿ íàñòóïíî-
ãî òîêåíà â ïîñëiäîâíîñòi. Âîíà ìîæå ïî¹äíóâàòè ñòèëi ðiçíèõ âiäîìèõ êîìïîçèòîðiâ,
à òàêîæ ðiçíèõ ìóçè÷íèõ æàíðiâ.

3. Ïðî¹êòóâàííÿ

Ïðîáëåìà RNN ïîëÿãà¹ â òîìó, ùî â íèõ ñïðàâäi âàæêî çàêîäóâàòè äàëåêîãëÿäíi
çàëåæíîñòi ÷åðåç àðõiòåêòóðó ìåðåæi. Êîæåí íîâèé ñòàí � öå ïîïåðåäíié ñòàí,
ïîìíîæåíèé íà ñóêóïíiñòü âàã. Öå îçíà÷à¹, ùî ÿêùî âàãà íàâiòü òðîõè ìåíøå
îäèíèöi, òî íà êîæíîìó êðîöi ñòàí áóäå çìåíøóâàòèñÿ. Ïiä ÷àñ áàãàòîðàçîâîãî
ìíîæåííÿ íà áàãàòüîõ êðîêàõ öå çíà÷åííÿ ñòàíó çíèçèòüñÿ äî 0. I íàâïàêè, ÿêùî
âàãà íàâiòü òðîõè áiëüøå îäèíèöi, òî äóæå øâèäêî öå çíà÷åííÿ ñòàíó âèáóõíå. ×åðåç
öå äóæå âàæêî "çàïàì'ÿòàòè" ñòàí íà áiëüø äîâãîìó äiàïàçîíi.
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3.1. LSTM

Ùîá âèðiøèòè öþ ïðîáëåìó, áóëè âèíàéäåíi ìîäåëi äîâãîñòðîêîâî¨ ïàì'ÿòi
(LSTM). ßê i ïðîñòi RNN, LSMT îòðèìóþòü âåêòîð i ïîâåðòàþòü âåêòîð. Îäíàê,
íà âiäìiíó âiä RNN, ñòàí, ùî ïåðåäà¹òüñÿ â íàñòóïíó iòåðàöiþ, âiäðiçíÿ¹òüñÿ âiä
ðåçóëüòàòó íà êîæíîìó êðîöi. Ïåðø íiæ âèðiøèòè, ùî âèâåñòè, à ùî ïåðåäàòè
ÿê ñòàí, LSTM âèêîíóþòü ñóêóïíiñòü ïîïåðåäíiõ îá÷èñëåíü. Âîíè âèêîíóþòü
÷îòèðè íåçàëåæíèõ îá÷èñëåííÿ, âèêîðèñòîâóþ÷è ïåðñåïòðîíè íà êîæíîìó êðîöi,
i âèêîðèñòîâóþòü ðåçóëüòàò öèõ îá÷èñëåíü, ùîá âèçíà÷èòè íîâèé ñòàí i âèõiäíi
çíà÷åííÿ. Îá÷èñëåííÿ, ÿêi âèêîðèñòîâóþòüñÿ: çàáóòòÿ (Forget gate), àêòèâàöiÿ
îíîâëåííÿ (Input gate), êàíäèäàò (Cell) i àêòèâàöiÿ âèâîäó (Output gate). Ìîäåëü
îäíîãî âóçëà LSTM ðàçîì ç çàçíà÷åíèìè îá÷èñëåííÿìè çîáðàæåíà íà ðèñ. 1.

3.2. GRU

Ó 2014 ðîöi áóëè âèíàéäåíi ðåêóðåíòíi âóçëè ç çàêðèòèì äîñòóïîì. Âîíè ¹
ñïðîùåíîþ âåðñi¹þ LSTM, òîìó ìîæóòü òðåíóâàòèñÿ øâèäøå áåç âòðàòè ïðîäóê-
òèâíîñòi. � äâi âåëèêi âiäìiííîñòi ìiæ GRU òà LSTM. Ïî-ïåðøå, âèõiäíi çíà÷åííÿ
äîðiâíþþòü ñòàíó, ÿêèé GRU ïåðåäà¹ â íàñòóïèé áëîê, ÿê öå çîáðàæåíî íà ðèñ. 2.

Ðèñ. 2. Ïåðåäà÷à â íàñòóïèé áëîê

Ïî-äðóãå, îá÷èñëþþòüñÿ ëèøå òðè âåêòîðè, à íå ÷îòèðè. ßêùî ïîäèâèòèñü íà
LSTM, òî ìîæíà ïîìiòèòè çàéâèé âåêòîð, ÿêèé êåðó¹ ðiøåííÿì, ÿêi äàíi çáåðåãòè,
à ÿêi çàáóòè. Äëÿ îïòèìiçàöi¨ ïàì'ÿòi i øâèäêîäi¨ GRU îá'¹äíóþòü âåêòîð çàáóòòÿ
ðàçîì ç âåêòîðîì îíîâëåííÿ àêòèâàöiéíî¨ ôóíêöi¨. Ïîðiâíÿííÿ ìîæíà ïîáà÷èòè íà
ðèñ. 3.

Ñàìå ÷åðåç âèùåçãàäàíi ïåðåâàãè çà îñíîâó ìîäåëi áóëî îáðàíî GRU. Äàëi,
øëÿõîì ñïðîá i ïîìèëîê, áóëî âèçíà÷åíî îïòèìàëüíó êiëüêiñòü âåíòèëüíèõ ðåêó-
ðåíòíèõ âóçëiâ � 256. Ç òàêîþ êiëüêiñòþ áóëî îòðèìàíî õîðîøi ðåçóëüòàòè ç
ïîðiâíÿíî êîðîòêèì ïðîöåñîì íàâ÷àííÿ.

4. Ðåàëiçàöiÿ

4.1. Âèêîðèñòàíi òåõíîëîãi¨, ìåòîäèêè òà äàíi

Äëÿ ñòâîðåííÿ ØÍÌ áóëî âèêîðèñòàíî òàêi òåõíîëîãi¨:
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Ðèñ. 3. Âåêòîðè çàáóòòÿ òà îíîâëåííÿ àêòèâàöiéíî¨ ôóíêöi¨

� Tensor�ow v2.0 � ôðåéìâîðê äëÿ ñòâîðåííÿ òà òðåíóâàííÿ ìîäåëåé íåéðîííèõ
ìåðåæ

� Python 3.7
� Colaboratory � áåçïëàòíå õìàðíå ñåðåäîâèùå ç Jupyter notebook i âiäåîêàðòàìè
Nvidia Tesla

� BeutifulSoup4 � áiáëiîòåêà äëÿ âåáñêðàïiíãó

4.2. Âåáñêðàïiíã òåêñòiâ

Ïåðøèì êðîêîì ó ñòâîðåííi áóäü-ÿêî¨ íåéðîííî¨ ìåðåæi ¹ ïîøóê äàòàñåòó. Â
âèïàäêó óêðà¨íñüêèõ ïiñåíü ãîòîâîãî äàòàñåòó íå áóëî, òîìó â ðàìêàõ öi¹¨ ðîáîòè
áóëî íàïèñàíî ïðîãðàìó íà ìîâi Python, ÿêà çáèðà¹ òåêñòè óêðà¨íñüêèõ ïiñåíü çà
äîïîìîãîþ áiáëiîòåêè BeautifulSoup4.

Äæåðåëîì òåêñòiâ ñòàâ âåá ðåñóðñ Spivanyk.org [5] Íàñàìïåðåä ç ñòîðiíêè "Âñi
ïiñíi" áóëî çiáðàíî ïîñèëàííÿ íà 7 òèñÿ÷ ñòîðiíîê ç ïiñíÿìè. Ïiñëÿ ÷îãî, çà
äîïîìîãîþ iíøîãî àëãîðèòìó âåáñêðàïiíãó, áóëî îáðîáëåíî öi ñòîðiíêè i çiáðàíî
35 òèñÿ÷ ðÿäêiâ ç óêðà¨íñüêèõ ïiñåíü. Îòðèìàâøè òåêñò, éîãî ïîòðiáíî áóëî
âiäôiëüòðóâàòè, ùîá çðîáèòè äàíi îäíîðiäíèìè, âèäàëèòè ïóñòi ðÿäêè i çàéâèé òåêñò,
ÿê îò "Ïðèñïiâ:", "Ñïiâàòè 2 ðàçè" i ò.ä. Äëÿ î÷èùåííÿ äàòàñåòó áóëî âèêîðèñòàíî
çâè÷àéíèé òåêñòîâèé ðåäàêòîð i ðåãóëÿðíi âèðàçè.

4.3. Ñòâîðåííÿ òðåíóâàëüíîãî äàòàñåòó

Íàñàìïåðåä áóëî ñòâîðåíî ñëîâíèê ç óñiìà ñëîâàìè ç òåêñòîâîãî ôàéëó. Öi ñëîâà
áóëî ïðîíóìåðîâàíî i çàìiíåíî ñëîâà íà íîâi óíiêàëüíi iäåíòèôiêàòîðè (òîêåíè).
Äàëi äëÿ ñòâîðåííÿ äàòàñåòó áóëî ïîðiçàíî òåêñòîâèé ôàéë íà îêðåìi áëîêè ïî 21
ñëîâó i ïåðøi 20 ñëiâ áóëî âçÿòî çà âõiäíó ïîñëiäîâíiñòü, à îñòàíí¹ çà î÷iêóâàíèé
ðåçóëüòàò íåéðîííî¨ ìåðåæi.

4.4. Àðõiòåêòóðà ìîäåëi

Àðõiòåêòóðà íåéðîííî¨ ìåðåæi ñêëàäà¹òüñÿ ç Embedding layer, 1 øàðó Gated
Recurrent Unit (GRU, âèä ðåêóðåíòíî¨ íåéðîííî¨ ìåðåæi) òà Dense layer. Øàð
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âiäñiêó(Dropout) ó öié íåéðîííié ìåðåæi íå âèêîðèñòîâó¹òüñÿ, áî ïåðåòðåíóâàííÿ
íå ¹ éìîâiðíèì. Äåòàëüíiøà àðõiòåêòóðà òà êîä äëÿ ñòâîðåííÿ ìîäåëi çîáðàæåíî íà
ðèñ. 4, 5.

Ðèñ. 4. Àðõiòåêòóðà ìîäåëi

Ðèñ. 5. Êîä ìîäåëi

4.5. Òðåíóâàííÿ ìîäåëi

Äëÿ îíîâëåííÿ âàã íåéðîííî¨ ìåðåæi âèêîðèñòîâó¹òüñÿ ìåòîä ñòîõàñòè÷íîãî
ãðàäi¹íòà Adam. Ïiä ÷àñ íàâ÷àííÿ çà äîïîìîãîþ ïåðåõðåñíî¨ åíòðîïi¨ îá÷èñëþ¹òüñÿ
ïîìèëêà, à ïiñëÿ öüîãî çàñòîñîâó¹òüñÿ ìåòîä çâîðîòíîãî ïîøèðåííÿ ïîìèëêè, i
îíîâëåííÿ âàã.

Òðåíóâàííÿ îäíi¹¨ åïîõè çàéìà¹ âiä 20 äî 40 ñåêóíä çàëåæíî âiä òîãî, íàñêiëüêè
âåëèêèé íàáið äàíèõ îáðàíî äëÿ òðåíóâàííÿ. Äëÿ äîñÿãíåííÿ öiëåé áóëî âçÿòî 35
òèñ. ðÿäêiâ òåêñòó ç ïiñåíü i íàòðåíîâàíî 20 åïîõ. Çàãàëîì òðåíóâàííÿ çàéíÿëî
áëèçüêî 10 õâèëèí íà âiäåîêàðòi Nvidia Tesla K80.
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5. Ðåçóëüòàò

Ðåçóëüòàòè ðîáîòè íåéðîííî¨ ìåðåæi ìîæíà ïîáà÷èòè íèæ÷å. Ç íèçêè òåêñòiâ
áóëî îáðàíî òi, ÿêi íàéëiïøå ðèìóþòüñÿ i íå ìiñòÿòü ñïiâïàäiíü ç âõiäíèì äàòàñå-
òîì.

ìîæíà áàâèòè ñëîâà çáèðàþ êðè÷àòü ïîãàíöi

íà÷å äèÿâîëà ñiðîìàíöi

à îí iç çàõîäó -- ïàïñüêi ñîëäàòè --

i¹çó¨òè òà óíiàòè

òàê áóäü çi ìíîþ çi ìíîþ

ÿ ìîâ÷ó òà ñóìíî íà äóøi

i íå ñõîæå íà ñíè

â íåáåñàõ ÿ i òè

ìîæå öå ïåðåìîãà --

íó îò i áðàòiÿ ìîâ÷èòü

íå âìi¹ø äóìàòè òè

íå ìîæåø çâèêíóòè äî áîëþ

íà áîæèé ñâiò ç'ÿâëÿþòüñÿ âiðøi

i äèâíèé ñâiò ïðèäóìàíèé òîáîþ

àëå íà æàëü íàñíèëîñü âñå íà ñâiòi

òi â÷åíi

ÿ íå çíàþ ÷è æèâåìî

÷è ÷åêà¹ì ìè --

çóïèíèâ ÷àñ òè

i â ï'ÿòíèöþ ââå÷åði

çóñòðiòèñü ïðèðå÷åíi

Ïiñëÿ àíàëiçó ðåçóëüòàòiâ áóëî ñóá'¹êòèâíî îöiíåíî, ùî ñåðåä óñüîãî çãåíåðîâàíî-
ãî òåêñòó ïðèáëèçíî 30% ñòàíîâëÿòü ãðàìîòíî ñêëàäåíi âiðøi - ç ðèìîþ i ëîãi÷íèìè
ñëîâàìè. I ç öèõ ãðàìîòíèõ âiðøiâ ïðèáëèçíî 25% � íå ¹ ïëàãiàòîì ç äàòàñåòó.

6. Âèñíîâîê

Ó ìåæàõ öüîãî äîñëiäæåííÿ áóëî çãåíåðîâàíî òåêñòè äî ïiñåíü íåéðîííîþ ìå-
ðåæåþ. Íàðàçi çãåíåðîâàíi âiðøi âàæêî íàçâàòè øåäåâðîì ïîåçi¨, àëå ÷àñòî â íèõ
òðàïëÿþòüñÿ óíiêàëüíi óðèâêè ç õîðîøèì ðèìóâàííÿì i ëîãi÷íèì çìiñòîì. Ïîçàÿê
äëÿ öi¹¨ ðîáîòè âèêîðèñòîâóâàëè âèïàäêîâó âèáiðêó ïiñåíü, òîìó âàæêî âëîâèòè,
÷èé ñàìå ñòèëü íàñëiäó¹ öÿ ìîäåëü. Âîíà ïî¹äíó¹ âñå, ÷îìó íàâ÷èëàñü ñåðåä ðiçíèõ
òåêñòiâ ðiçíèõ âèêîíàâöiâ. Äëÿ ïîëiïøåííÿ ðåçóëüòàòó òðåáà çáiëüøèòè äàòàñåò
õî÷à á 50 ðàçiâ � òîäi áóäå áiëüøèé íàáið ðèìóâàíü äëÿ îäíîãî ïî÷àòêó âiðøà i ÿê
ìiíiìóì çìåíøèòüñÿ âiäñîòîê ïëàãiàòó.
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The paper presents a study on the use of arti�cial neural networks (ANNs) for natural
language generation (NLG), with a focus on generating song lyrics. NLG is a sub�eld of
arti�cial intelligence that deals with the automatic production of natural language text.
It has a wide range of applications, including machine translation, dialogue systems, and
content generation. ANNs are a type of machine learning model that are inspired by the
structure and function of the human brain. They have been successfully applied to a
variety of tasks, including image classi�cation, speech recognition, and natural language
processing. In this paper, the author reviews the existing literature on NLG and ANNs,
discussing the bene�ts and limitations of di�erent methods. He then presents a case study
in which he designs and trains an AI model to generate lyrics using a dataset of 35,000 lines
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from Ukrainian songs. The AI model is based on a type of ANN called a gated recurrent
unit (GRU), which has been shown to be e�ective in tasks involving sequential data. The
author reports on the results of their model, including how well it was able to generate
coherent and diverse lyrics, and compares it to other approaches. He also considers the
potential applications and implications of his work, such as the use of the generated lyrics in
compositions and ways to improve the quality of the generated texts. Finally, he describes
how the web scraping and the beautifulSoup4 library were used to collect the dataset. In
summary, this paper provides a detailed examination of the use of ANNs and unsupervised
learning techniques for NLG, with a focus on the task of generating song lyrics.

Key words: natural language generation, recurrent neural networks, unsupervised learning,
GRU, LSTM, web scraping, beautifulSoup4.


