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SAITEBHEHHA

A, Jlsamenko Poman OJjieroBud, posyMmiio i miaTpumyio nomituky Kpu-
BOPI3BKOT'O JIEPZKABHOTO I1€/IarOTIIHOr0 YHIBEPCUTETY 3 aKaIeMIdHOl J00pote-
CHOCTI. 3alleBHsIIO, 10 Isi KBasridikariiina poboTa BHKOHAHA CAMOCTIIHO, He
MICTHTb aKaJeMidHOTo Iiariary, dgpabdbpukariiil, dpaabcudikariii. J He Haj aBaB i
He OJIepKyBaB HEJIO3BOJIEHY JIOIOMOTY IIiJI Yac IiJroToBKu Iiel podboru. Buko-
pucTtaHus ijeit, pe3yabTaTiB 1 TEKCTIB IHIIUX aBTOPIB MalOTh MMOKJIMKAHHS Ha
BIJIIIOBIJIHE JIZKePeJIO.

I3 ynaaEM [TostoKeHHAM TIPO 3altobiraHHsT Ta BUSBJICHHS aKaJeMiqHOIO
mariary B poborax 3;100yBadiB BUIIOI 0cBITH KpUBOPI3ZHKOTO JEPKaBHOIO I1e-
JTaTOTIYHOTO YHIBEPCUTETY O3Haltom/eHnit. JiTKO YCBIIOMJIIOO, 1O B pa3i BU-
sIBJICHHs Y KBaJTibiKalliiiHiil poOOTi MOPYIIeHHs aKaJIeMiTHOl JJ0OPOUeCHOCTI Po-

O0Ta He JOIYCKAETHCA JI0 3aXUCTy a00 OIIHIOETHCS HE3aI0BLIbHO.
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BCTVYII

AxTyanapHicTh TeMu. PO3BUTOK IITYYHOTO IHTEJEKTY Ta TEXHOJIOTI
OTPAITIOBAHHS ITPUPOHOI MOBI 3yMOBJIIOE CTPIMKE 3POCTAHHS iHTEPECy /10 CTBO-
pEeHHs IPOrpaMHNX areHTiB, 3JaTHIX BECTU PUPOIHOMOBHUI /TiaI0T — TaK 3Ba-
aux gar-6oris. IIposigni IT-kommanii, Taki sk Google [1—5; 11; 16; 17; 22;
30; 34; 37; 41; 46; 53; 55; 56; 58; 62; 68; 69; 71; 72; 74; 76; 82; 83; 85; 87;
93], Microsoft [4; 9; 28; 39; 40; 52; 59; 68; 72; 75; 89|, Meta (Facebook) [7;
13; 50; 54; 70; 73; 80; 81|, OpenAl [6; 14; 25; 38; 43; 49; 53; 56; 57; 60; 65;
66; 77; 79; 86| akTUBHO TPAIOITH HAJ| PO3POOKOI YaT-60TiB. YCHiliHi 1poe-
kru Ha Kiragat ChatGPT Big OpenAl [63] nemoHcTpyfOTh 3HAUHEIT TTOTEHIIAT
3aCTOCYBaHHsI TaKHUX CHCTEM Yy PI3HOMAHITHUX cdepax JII0JICbKOl JisiJIbHOCTI.
Y BKazaHUX JOCJIIJIKeHHST MOYKHA BUJILIUTH JBI OCHOBHI rpymu 3agad: 1) Ha-
BUAHHS (BUKJIAJIAHHS Ta yUiHHS) CTYJICHTIB; 2) 1moby0Ba 4aT-00TiB — CHCTEM
THIY “TUTaHHS-BIAIOBIAL , sIKi HABYaIOTh BJIACHI MOJEJI 3a JaHUMU, OTPUMAa-
HUMU BiJl KopucryBada. BojgHodac mocrae HU3Ka BayK/JIMBUX HAYKOBHUX Ta IIPa-
KTHYHUX 3aBJIaHb 11010 €(PEeKTUBHOIO HABYAHHS TaKUX CHUCTEM, 3a0e3IeUeHHsI
IXHBOT HaIIITHOCTI, OE3IeKN Ta eTUIHOCTI.

Yar-60TH K HPUPOJHOMOBHI CUCTEMH INTYYHOIO iHTE/JIEKTY MAalOTh Be-
JIMYE3HUIT MTOTeHIias JJIsl MiBUIIEeHHA epeKTUBHOCTI Ta SKOCTI PI3HOMAHITHIX
BUJIIB JIIOJICHKOI JIISIJILHOCTI IIJISIXOM aBTOMaTHU3allll PYTUHHUX IIPOIIECIB,
HaJJaHHA 1HTEJEKTYaJbHOI IMATPUMKN KOPUCTYBadaM, 3a0€3IeYeHHs IepPCco-
HAJII30BAHOI'O HaBYAHHS TOIO. YCIIIIHI po3pobKM y il rajysi 31aTHi y 1ep-
CHEKTHUBI JIOKOPIHHO 3MIHUTH XapaKTep B3a€MOJIil JIOJNHU 3 KOMIT IOTEpHIMUI
cucTeMaMi, IABUIIUTH IIPOJYKTUBHICTH Ipalll Ta HaBYaHHA. PaszoM 3 TumM,
BUPIIICHHS €TUYHUX Ta OE3IIEKOBUX MTPOOJIEM € KPUTHIHO BaXKJIUBUM JIJIsI BITPO-
BaJIPKEHHS 1TUX TEXHOJIOT1 B iHTEpecax CYCHJIbCTBA.

OO’eKT IOCJIIJI2KEeHHSI — HaBYaHHs JaT-00TiB.

ITpeamer mocrig»KeHHS — Mojie/li HaBYaHHsI 4aT-00TiB Ha J1iaJI0rOBUX
Habopax JJaHHX.

Merta mocaieKeHHsI — OIliHKa e(peKTUBHOCTI PI3HUX MOJIe el HaBUaHHsI
4aT-00TiB Ha J1aJI0TOBUX HAOOPAX JIaHUX.

BimosijgHo 10 METH BI3HAYEHO TaKi OCHOBHI 3aBJIaHHS JOCJI I>KEHHSI:

1) mpoBectu 6ibiOMETPUYHUN aHAJIZ JZKepesT 3 MPOOJIeMU HABYAHHS daT-



O0TIB JIJIsI BUSHAYEHHS KJIIOUOBHMX IIOHATDH JIOC/III2KEHHSI;

2) BU3HAYUTH MOJIe/Ii HABYAHHs 9aT-00TIB Ta KpUTepil OmiHKN 1X eheKTuB-

HOCTI;

3) cTBOPUTH JiBa HAOOPU JIAHUX Ta BUKOHATH JIOHABYAHHST JOTLIEHO OOPAHIX

BEJINKNX MOBHHX MO,ILeJIeﬁ Ha HUX.

Metoau IOCIiIKEeHHS: 010Ai0MeMPuUyHUl aHaAAI3 PE3YIbTATIB IOILY-
Ky JIJIst &) BUSIBJIEHHsT XPOHOJIONTIHOI MexKi, MOUNHAIOYH 3 KOl CIIOCTePIraeThest
crifike 3poCcTaHHs KUIbKOCTI TyOsiKariiit 38 TeMO JOC/IzKeHHsT; 0) JJIs1 CTBO-
PEHHsT KapTh 3B’$I3KIiB KJIIOYOBHUX CJIB; B) JIsl TPYNYBaHHS KJIIOYOBUX CJIB Y
KJIACTEpH; T') JJIsl BUSHAYEHHS KJIIOYOBUX TOHSITH JOCTIZKEHHSI; 6EAUKI MOGH!
modeni Claude 2, Google Bard, GPT 3.5, GPT /.0 jjs rerepalil IpUITYIIEHb
I[0JI0 Ha3B KJIACTEPIB KJIOUEBUX CJIiB; MEMOOU THIHCEHEPTT NPO2PAMHO20 3G0E3-
nevenHA JJid NPOEKTYBaHHS, KOAYBaHHs, TECTYBAaHHSI Ta BUIIPOOYBaHHSI.

HoBuszHa pe3yibTaTiB JOCJIII2KEHHS:

e BIUSIBJIEHO HIDKHIO XPOHOJIOruHY MexKy (2018 pik), mounmnaodu 3 sikoi
CIIOCTEPIra€ThCd CTiliKe 3POCTaHHA KiJbKOCTI IyOJiKaIliil i3 HaBYaHHSIM

4aT-00TiB;

e BI3HAUYCHO 4 KJIACTEPH JOCJIIKEHDb 13 HaBuaHHs dar-00TiB: 1) ompario-
BAHHST IPUPOJIHOT MOBH; 2) 3aCTOCYBaHHs TEXHOJIOTI OIPAIFOBAHHSI TTPH-
POJTHOI MOBHU y CYCIJIBCTBI; 3) 3aCTOCYBAHHSI MAIIMHHOIO HABYAHHST JIJIs]

OIPAIIOBAHHSI TIPUPOTHOT MOBH; 4) 4aT-00TH y HABIaHHI Ta cdepi TOCIyT.

Anpobamisa kBaJidikaIiiiHoi podboTn BiI0yBaIaCh MIISIXOM:
® y4JacTi Y HAYKOBUX KOH(EPEHIlisIX:

1. 6th Workshop for Young Scientists in Computer Science & Software
Engineering (February 2, 2024, Kryvyi Rih, Ukraine) [24];

2. VII International Scientific and Practical Conference “Information
Technology for Education, Science, and Technics” (May 23-24, 2024,
Cherkasy, Ukraine) [94];

e 1yOJIiKalliil 3a TEeMOIO JIOCIIIIXKEHHS:
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1. Jlawenxo P. O., Cemepixos C. O. BibpiomerpudHuii aHajis Ha-
paants gar-60tiB // Tesu momosineit VII MixkuaposHol HayKoBO-
pakTUIHOl KoHdepeHilil «Indopmariiiini TexHosoril B 0cBiTI, HayIii
i rexmini» (ITOHT-2024), (Yepkacu, 23-24 tpasms 2024 p.) Yepka-
cu - YJTY, 2024. C. 314—316. URL: https://itest.chdtu.edu.

ua/#materials

2. Jlawenxo P. 0., Cemepixos C. (. Bibaiomerpuunnii aHaJis
JIOCJIZKEHb 3 HaBYaHHS dYaT-O0TIB: KJIOYOBI IOHITTS Ta TEH-
nentii // ludopmartiiini rexuosorii i 3acobu naganus. 2024. T. 101,

Ne 3. (y mporieci my6rikariii)

CrpyKrypa Ta obcar poborm. Kpajidikariitna podboTa cKIaJIaeThes
31 BCTYITY, JIByX PO3/IJIiB, BUCHOBKIB, CIIICKY BUKODHCTAHUX jzkepest (95 Haii-
MeHyBaHb), 1 jgomarok. Pobora micturs 4 tabuii ta 12 pucyHkis. 3araabHuii

obcar poborn — 60 cTOPIHOK.



PO3/ILI 1
BIBJIIOMETPUYHUN AHAJII3

1.1. O6rpyHTyBaHHS JIOMIJHLHOCTI

Y rajiy3i cTBOpeHHsI Ta HaBYaHHA 4aT-O00TIB aKTHBHO IPAIIOIOThH K Ha-
yKOBIl, Tak i po3pobnnku IT-kommamniit. OkpeMi aciekTn el mpodaeMaTuKN
BUCBITJIIOIOThCA Y HU3II IyOJiKaliil. 30KpeMa, pe3ysbTaTu IOMyKy y 0J1031
DeepLearning. Al [27] 3a 2019-2023 pp. HAJAIOTH MOKJINBICTH BHOKPEMUTH Ha-

CTYIHI MPAKTUYIHO PO3B’si3aHi 3a/1adi:

e 3 2020 poky warboru (Generative BST Bin Facebook ta Google Meena)
MOYKHA BUKOPUCTOBYBATH JIJIT KOPOMKUL 01040206 Ha 3a2anvri memu [10;
12];

e 32023 poky Microsoft Hajiae moxkuBicTh Bukopuctanus dardoris y Office

365 ta Windows jist nokpawerns npodyxmuerocmi [19];

e 3 2020 poky 4aTboTH aKTUBHO 3GCMOCOBYIOMbCA Y 0i31Hect JJisi 00CTYTO-
ByBaHHsI KJIEHTIB, pojazkis Tormo [20];
e 3 2023 poky Google Ta Microsoft yBomsaTh 4aTbOTH Y N0WYK06T cCucmemu

7).

Crarti y 651031 DeepLearning. Al BkazyoTh Tako:K Ha IIPOTAJUHU 3HAHD

Ta BIIKPUTIB MPOOJIEeMU, 10 iICHYIOTH Y JaHiil rajysi:

e Me/udHI 9aTOOTH MOKYTh CTABUTU MOMIJIKOBI /iarHosn [18];

e Taki yarboru, sk BlenderBot 3 Tta Galactica, MoXKyTh BUSIBJIATH yliepe-

JIKEeHICTh, TOKCHYHICTh Ta mepekpydayBarn dakru [48];
® 3aBICOKA BAPTICTh PO3TOPTAHHS BEJIMKINX MOBHUX Mojesei [23];
® HeJIOCTATHS IIPO30PICTh Mojeaeil 9aTboTiB MOXKe MiiiiMaT eTHYHI IuTa-

HHs [92].

AHaJi3 ocTaHHIX JOC/IIKeHDb 1 IMyOJiKalliil BusiBjsie HeOOXiIHICTH KOH-
coJIJIallll 3yCW/Ib JijIs BU3HAYEHHS aKTyaJIbHUX HalpsAMIB 1 [PIOPUTETIB

JIOCJIJIZKEHb 3 MeTOI0 e(DeKTUBHOI'O HABUYaHHA daT-OOTIB.
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1.2. Pe3yabraTnu

st 616/1ioMeTpUIHOTO aHaIi3y 0yJI0 00paHO HAYKOMETPUUHY 0a3y JTaHIX
Scopus BujaBuunTBa Elsevier sik oiny 3 HalibLIbIIX pedepaTuBHuX 6a3 Jia-
HUX, 110 1HJIeKCYye OlibIne 42 THC. MepioAUIHUX BUJIaHb Ta MICTUTDH IT€PEBAXKHO
SKICHI HayKOBI JizKepeJsia 3 TEXHIYHUX, MPUPOJHUYNX, MEJIMIHNX Ta CYCILIbHUX
HayK, M0 podbuTh 11 pernpe3eHTaTUBHOIO I aHaJIi3y MyOJiKarii 3 mpodiema-
TUKK HAaBYAHHs 9aT-00TIB Ha CTUKY KLJILKOX HAYKOBHUX TaJjy3eil. 30ajaHcoBaHe
HMOKPUTTSI PI3HUX HAYKOBUX JUCIHUILIIH Y Scopus 3abe31edye HeoOXiJHY MOBHO-
Ty JIUIsl BUSIBJIEHHsI KJIFOYOBUX TEHJIEHIIIN Ta HAIPIMKIB JIOC/II2KEeHb B 0OpaHiit
raJrysi.

s Bu3Havennsd, B dAKNX pobOTaxX 3YCTPIYAIOTHCA KJIIOYOBI MOHSATTS
JIoCTIKeHHd “HaBuanusg Ta ‘darooru’, 18 mucronasa 2023 poky OyJI0 BUKOHA-
HO oMy K y 6a3i Scopus [32]. Bigbupasucs Ti JoKyMeHTH, Y Ha3BaX, aHOTAIIISIX
Ta KJIOYOBUX CJIOBaX SIKUX OJIHOYACHO 3yCTpidajuch cjioBa ‘chatbot” Ta “trai-

ning” (puc. 1.1).

Scopus Q Search  Sources  SciVal 7

Welcome to a more intuitive and efficient search experience. See what is new

Advanced query (8 )

Search within Search documents * %
Article title, Abstract, Keywords h chatbot AND training
[ Save search
L\ Setsearch alert + Add search field Reset
Documents  Preprints  Patents  Secondary documents  Research data 7
549 documents found N Analyze results 7
Refine search [0 Al~  Export v+ Download  Citation overview = More Show all abstracts ~ Sort by Date (newest) v B o=
Document title Authors Source Year Citations
Search within results
Article » Open access
D 1 Exploring the design and utility of an integrated web-based Ashton, L.M., Adam, M.T., International Journal of 2023 L]
Filters chatbot for young adults to support healthy eating: a qualitative Whatnall, M., ...Hansen, V., Behavioral Nutrition and
stud Collins, C.E Physical Activity, 20(1),
vear N ly ollins ysical Activity, 20(1),
19
@ Range O Individual Show abstract +  View at Publisher 7 Related documents
Article
2 igating ChatGPT and cyb ity: A perspective on topic Okey, 0.D., Udo, E.U., Computers and Security, 2023 ]
e e modeling and sentiment analysis Rosa, R.L., Rodriguez, D.Z., 135, 103476
R . Kleinschmidt, J.H.

Puc. 1.1. Pegypraru nomyky y 6as3i Scopus 3a cioamu “‘chatbot”) “training”.

BarajbHa KIJIbKICTb JOKYMEHTIB — 549; po3Ioi JJOKYMEHTIB 38 POKAMU
IoJIaHo Ha puc. 1.2.

[leperyisii KJIIOYOBUX CJIB IOKa3ye, 0 HaiOLIbII 4YacTo cepej HUX
sycrpivarorbes Taki: Chatbot (244 pasu), Chatbots (221), Artificial Intelligence
(126), Natural Language Processing Systems (90), Natural Language Processing
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Puc. 1.2. Posnofinn pe3yabraTiB MOITYKY 338 POKAMHU.

(90). BriopstikyBaHHST KJTIOUYOBHX CJIOB 32 a1(aBiTOM HAJIA€ MOXK/IUBICTD BU3HA~
9UTH, SKi 3 HUX BIIPI3HAIOTHCS JIAIIE 33 9UCAOM (Y OJHUHI Ta y MHOXKUHI), Ta

IIPUBECTHU BCl 10 OJHNHU:

e Chatbots € muoxkunoro Bijg Chatbot;
e Conversational Agents e muoxkunoro Bij Conversational Agent;

e Convolutional Neural Networks e muoxknnoo Bij Convolutional Neural
Network;

e Customer Services € muokuuoo Big Customer Service (Customer-

service);
e Dialogue Generations € muoxkunoio Bin Dialogue Generation;
e Humans e muoxkmnoro Big Human;
e Large Language Models € muoxxkunotro Bij Large Language Model,

e LSTM € abpesiaryporo Long Short-term Memory;



e Machine-learning e cunonimom Machine Learning;

e Mobile Applications e muoxkunoro Bijg Mobile Application;

e NLP ¢ ab6pesiaryporo Big Natural Language Processing (NAtural

Language Processing);

e NLU e abpesiaryporto Bij Natural Language Understanding;

e Reinforcement Learnings ¢ muoxkunoro Bijg Reinforcement Learning;

e Virtual Assistants € mooxkunaoto Big Virtual Assistant.

Buaiigeni nokymenTr Oysin ekcrioprosasi y dopmarax CSV [91, c. 30| Ta

BibTeX. ¥ daitni CSV Oysn BukoHnani 3aMiHM KJIIOYOBUX CJIIB Y MHOXKHHI Ta

abpeBiaTyp Ha KJIOYOBI CJIOBA B OJHUHI.

st Bukonannsi 6i6jiioMmeTpudHOro aHasizy OyB Bukopuctanuit VOSvi-

ewer 1.6.20 [15]: Create... — Create a map based on bibliographic data — Read

Create Map .

{%:) Choose type of analysis and counting method

Type of analysis: 2
(D) Co-authorship

Unit of analysis:
® all keywords

{0 Author keywords

i) Citakion
i) Bibliographic coupling
{0 Co-citation

Counting method: &
® Full counting

(0 Fractional counting

YO Sviewer thesaurus File (optional): ©

() Index keywords

Puc. 1.3.

[ < Back ][ Mext = ][ Finish ] [ Cancel

CTBOpeHHsI KapTH.



data from bibliographic database file — Scopus (puc. 1.3).

Kapra cTBOPIOETHCA 13 TAKMMHU TTapaMeTpaMu: TUIT aHaJIi3y — 3a OJIHOYA-
CHOIO TOSIBOIO TepMiHY (co-occurence); OJMHUIST aHATIZY — BCl KJTIOYOBI CJIOBA,;
MeTOJI MijIpaxyHKy — moBHuii mijpaxynok (full counting).

BarajibHa KiJIbKICTh KJII0UOBUX CJIiB — 3705 — MoxKe OyTu 3MeHIeHa 10 H8
BIIKUJIAHHSM THX 3 HUX, 110 3yCTPidaloThCs MeHIIe HixK 12 pa3is. [3 Bijliopannx
CJIIB JI0JIATKOBO BUJIy4deHO cJioB “article” gk Take, 1o He € crerudigaHuM Jijist
IIOIITYKOBOT'O 3aIIUTY.

[TobymoBany kapry (tabsu. 1.1) nomano ua puc. 1.4.

Tabaua 1.1
Po3smoi KIouoBuX CJIiB 3a KJIacTepaMu.

S <
g 5| 5| & T | 2B
g 3 3 = SN S %

SIREIRS 3 S S
Kirouose c1oBoO SRS wn N n 5
classification (of information) 37122 | 24 2021.2083| 3.7917|0.5908 3
training data 36/ 120 | 27 |2021.1111/12.8519(1.8358| 3
speech processing 36| 102 | 26 {2020.4615 9.4231 (1.1619(1
performance 88 | 24 12021.5833/6.2917 | 1.02 |2

semantics 341 90 | 18 2020.7222 8.8333 (0.9379

33| 96 | 23 {2020.4348| 8.4348 |1.0096
32| 123 | 32 {2020.9375] 6.0938 |0.8055| 3
32( 114 | 33 {2020.1515[16.151512.0909| 6
31| 97 | 16 | 2021.25 |4.4375|0.6438
301113 | 24 |2020.7917| 4.8333 |0.6383
29 54 | 14 12021.0714] 4.0714]0.5852
28| 61 | 14 {2021.9286] 3.5 |0.6501|2
28| 60 | 12 {2021.1667]1.4167|0.2476
27| 51 | 12 {2020.4167]9.3333 |0.9633
24 53 | 13 |2020.8462| 7.5385 |0.6933
23| 52 | 15 ]2020.0667| 9.0667 |1.1396

IIpodosorcerma na Hacmynmit, cmopiHyl

dialogue systems

natural language understanding
computational linguistics

text processing

long short-term memory

state of the art

language model

question answering

information retrieval

embeddings

— o R e e e = e = = = | KjracTep
(9%)
D

reinforcement learning
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Tabn. 1.1 — mpoj1oBKeHHS 3 MONEPEIHBOI CTOPIHKN

SAvg. norm. citations
SHAYYIIICTh

SAvg. citations

WTotal link strength
SAvg. pub. year

7! Occurrences

Krouose cjioBo

| —
-3
wW
-3
—_
N}

response generation 2020.75 |11.5833|1.343

52| 452 | 126{2021.3333| 9.8571 (1.8428| 6
47203 | 50 | 2020.18 | 18.68 [1.9112/1

artificial intelligence

conversational agent

human 371266 | 60 [2022.1167|15.76672.7326| 2
adult 29117 17 |2021.9412| 17 |2.3017

training 29| 84 | 22 |2021.7727)16.7273|3.5069| 2
male 27 94 | 13 |2021.4615123.3846/3.0896| 1

27 66 | 12| 2022 |3.5833|0.557
26{ 101 | 16 | 2021.375 [22.6875/2.6942
26| 76 | 15 | 2022.2 9.2 ]1.6989 1
67 | 15| 20214 3.6 | 0.51
25 56 | 13 |2021.3846/22.6154(2.2811

medical education
female

controlled study
health care
mental health

chatgpt 241124 35| 2023 4.8 11.4989 2
education 241 77 119 |2021.1053(12.4211|3.3792| 1
covid-19 23| 47 | 13 2021.9231] 3.5385 | 0.884

19] 70 | 12 2021.9167] 34.25 |3.3067
19/ 50 | 12 | 2023 [2.9167(0.9108

review

large language model

54/ 505100| 2021.28 | 6.29 |1.1837
52| 484 | 90 {2020.7667| 5.5667 |0.6711
501 276 | 51 |2021.4314] 8.9412 |1.0081
46| 265 | 56 |2021.1429| 5.6607 |0.6799
4212351 40 | 2021.5 4.1 10.6042
37165 25 | 2022.56 | 1.6 |0.5094]2
37153 | 26 |2021.0769| 3.4231 |0.4283
35 67 | 15 ]2021.066713.3333|1.5093| 3
29| 61 | 14 |2020.8571] 8.9286 |1.7491| 2
26| 53 | 12 2020.9167|6.4167 |0.7242

IIpodosotcerma na HacmynHit, cmopiHyl

natural language processing

W O DN

natural language processing systems
machine learning

deep learning

natural languages

language processing

learning algorithms

virtual assistant

user interfaces

OJOJOJOJOJCOOOOJOJOJ[\DM[\D[\D[\DM[\D[\D[\D[\DM[\D[\D[\DM[\DHKﬂaCTep
)
S

convolutional neural network
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Tabs. 1.1 — mpojIoBXKEHHs 3 MONEePEIHBOI CTOPIHKN

SN 2 5 =
Kirouose c1oBO Q g § § N N n 5
query processing 3124| 82 | 14 12021.1429] 1.4286 |0.3373
diagnosis 3124 53 | 13 |2021.5385] 9.8462 |1.3824| 2
chatbot 4156/1065365|2021.137(6.3014 | 0.901 |6
learning systems 4146|223 | 43 |2020.2326| 7.186 |0.4899| 3
students 41421176 | 38 |2020.9737| 8.2105|0.9839
e-learning 4135128 | 37 |2020.8378| 5.0541 |0.6268
learn+ 4127 53 | 13 2021.7692| 3.9231 |0.6622| 2
sales 4126) 64 | 17| 2021 |5.58820.6926
human computer interaction 4126| 53 | 14 12019.8571/6.0714 |0.5181
knowledge based systems 4126 51 | 13 |2019.5385(15.5385/0.7796| 2
personnel training 4125 62 | 18 12020.88896.5556 |1.4229 1
curricula 41241 58 | 12| 2021 19.5833| 2.41 |3
customer service 41241 49 | 15| 2021.2 |4.2667|0.4819 1
engineering education 41241 46 | 12 | 2020.75 |4.583310.4115

Y tabs. 1.1 BUKOPUCTOBYIOThCsT Taki mosHadensst (91, ¢. 6, 38:

® KJII0UOBE CJIOBO — BH3HAYEHUII aBTOPOM abo CHICTEMOIO iH,H,eKCYBaHHH

TePMiH, XapaKTepHUil JJIsd myOJiKalii;

e KJlIACTEP — HOMED I'PYIN KJIOHYOBUX CJIIB;

o Wiinks — KUIBKICTD 3B’SI3KiB CJIOBA 3 IHIINUMU CJIOBAMU;

® Wrotal link strength — 38TaJIbHa CHJIA 3B'sI3KiB CJI0Ba 3 IHIINMIE CJIOBAMHE (TYT

KIJIBKICTD 1yOJTiKariil, B IKUX J[BA TEPMIHU 3YCTPIIaOTHCSA PA30M);

® Woceurrences — KUIBKICTB JJOKYMEHTIB, B TKUX 3YCTPIYa€ThCA KJIFOUOBE CJIO-

BO;

12
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Puc. 1.4. Kapra 3B’43KiB KJIIOUOBUX CJIiB.
® Savg. pub. year — CepelHiil  pik  myOsikamii  JOKyMeHTiB, B fAKHX
3yCTPIYAETHCS KJIIOUYOBE CJIOBO;
® Suvg.citations — CEPEeIHSA KIIbKICTb IHUTyBaHb [JOKYyMEHTIB, B fAKHX

3yCTPIYAEThCS KJIIOUOBE CJIOBO;

® Savg. norm. citations — CEPeJIHd HOPMaJli3oBaHa KiJIbKICTb IIUTYBaHb JIOKY-

MEHTIB, B IKUX 3yCTPIYA€ThCs KJIIOUOBE CJIOBO;

® 3HAYYIIICTH — OOUHMC/IIOETHCA K CyMa, Jle JIJIs KOXKHOTO KJII0UOBOT'O CJI0OBa
00UpaeThbcsd 2, AKINO BOHO Ma€ HailOLIbIle 3HAYEHHA 3a KOJIOHKOIO, Ta 1,

SIKIIIO BOHO Ma€ 3HA4YeHHs, 110 IepeJlye HafbLIbIIoMY.

Y moiaTtky 3.3 1MojgaHo pe3yIbTaTi 3aCTOCYBaHHs MeHePATUBHIUX 9aTOOTIB
ChatGPT (GPT 3.5), Bing (GPT 4.0, 3 pexkumu), Claude 2 Ta Google Bard
71T BUBHAUEHHs iMeH Kiacrepin (Tabs. 1.2).

SajydeHi BeJIMKI MOBHI MOJIe/Ii TeHepyBaJiu JIeKiJbKa BapiaHTiB Ha3B Ta
OIIMCIB KJIACTEPIB Ha OCHOBI aHaJII3y KJIIOUOBUX CJIIB, K1 BXOJATH JIO 1X CKJla-
ny. JI1s KoyKHOTO KJIacTepy HaBe/leHl BCl 3allpOTIOHOBAHI MOJIEISIMI BapiaHTH 3

nosHadeHussM A.1, A.2 1 T.im.
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Tabmuis 1.2

[mena K1acTepiB KJIIOUYOBUX CJIB.

[Iporo3umnii Bijg 1uaTbOTIB

Obpane iMm's

Advanced Language Processing and AI Applicati-
ons (A.1); Language Processing and Informati-
on Retrieval (A.2); Natural Language Processi-
ng (NLP) (A.3); Natural Language Understanding
and Generation (A.4); Natural Language Processi-
ng Applications (A.5); Technical NLP (A.6)

OmnparfoBanus  PUPO-

aroi MoBH (A.3)

Al in Healthcare and Social Context (A.1); Al in
Healthcare and Education (A.2); Artificial Intelli-
gence (A.3); Artificial Intelligence and Health Care
(A.4); Conversational Al and Impacts (A.5); Appli-
cations of NLP (A.6)

3acTocyBaHHSI — TEXHO-

JIOT1i OIIpallfOBaHHSI
y
cycmibersi (A6, A5,

A1)

IIPUPOJIHOI ~ MOBU

Core Technologies in Natural Language Processi-
ng and Machine Learning (A.1); Machine Learni-
ng and User Interaction (A.2); Machine Learning
(A.3); Natural Language Processing and Machi-
ne Learning: (A.4); Core Al and ML Techniques
(A.5); Machine Learning and Deep Learning for
NLP (A.6)

3acTocyBaHHS MAaINH-

HOI'O  HaBYaHHA - OJIA

OlIpalllOBaHHS  [IPUPO-

auoi moBu (A6, A.4)

Educational and Service-oriented AI Applications
(A.1); Al in Education and Customer Service (A.2);
Learning Systems (LS) (A.3); Chatbot and Educati-
on (A.4); Al for Training and Customer Service
(A.5); Chatbots and Learning Systems (A.6)

Yar-60Tn y HaBYaHHI
ta cdepi nmocayr (A.1,
A2 A4 AD)

Bubip ocraTouHnxX Ha3B KJjacTepiB, lpelcTapjieHux y crosuii ‘Obpane

iM's” Tabs. 1.2 9K yKpalHCbKOIO, TaK i aHTJIiCHKOIO

MOBaMu, 3/111ICHIOBaBCS

HIJIIXOM PETEJIbHOI'O aHaJ13y Ta KPUTUYHOI OIIHKUA aBTOPaMU YCIX 3reHepoBa-
HUX PISHUMHU MOJEISIMHU Iporno3uiiiii. KiouoBumu kpurepissMu Biioopy crajin
3MICTOBHICTDb, YITKICTb, JIAKOHIYHICTH HAa3B 13 OJHOYACHUM MaKCHMAJbHO ITOB-

HUM OXOILJIEHHSIM KJIIOUOBUX TEPMIHIB Y CKJaJl KJIaCTEPIB.

O6pani Ha3BU KJIaCTEPiB HE JIMINIE y3araJbHIOITh X 3MicT, & if JIOrivHO
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BijI0OpasKaroTh BUSABJIEHI 3a pe3y/bTaraMu 0i06/IIOMeTPUIHOIrO aHaJi3y OCHOBHI
HATIPSIMU JIOC/TJIZKEeHb Y TaIy3l HaBdaHHs 9aT-00TiB: 1) 6a30Bi METOIN OIPAITIO-
BAHHSI MIPUPOJIHOI MOBHU; 2) 3aCTOCYBAHHS BIIMOBIIHUX TEXHOJIOTIH y pI3HIX
cepax cycHiibHOI JisIbHOCTI; 3) BUKOPUCTAHHST MAITMHHOINO HABYAHHS SIK
IIPOBIJIHOTO IHCTPYMEHTAPII0 PO3POOKU CUCTEM OINPAIIOBAHHS TPUPOTHOMOBHUX
TaHnX; 4) CeKTp KI0YOBUX 3aCTOCYBaHb 4aT-00TiB, 30KpeMa y OCBiTHIiT rasysi
Ta cdepi MoCIyT.

Takum 9MHOM, OCTATOYHUI BUOIP HA3B KJIACTEPIB CTaB PE3YJILTATOM II0€]I-
HaHH$ MOYKJIMBOCTEl BEJIMKUX MOBHUX MOJIe/Iell 13 eKCIIEPTHOIO JIyMKOIO aBTOPIB
1 I'PYHTYETHCS Ha YITKUX OOIPYHTOBAHMX ITO3UIIAX, CIPSIMOBAHUX Ha YHUKHEH-
H¢ HEBU3HAUYEHOCTEN y TpaKTyBaHHI OTPUMAHUX Pe3yJIbTaTiB.

Ha puc. 1.5 moiano KapTy 3B’I3KiB KJIIOYOBHUX CJIIB 13 3HATYIIICTIO He MEH-
me 1, To06To HaMOLIbII 3HAUYYINNX KIYOBUX CJIIB, IO HaJIEXKATb JO YeTBipKU
BUJIIJIEHNX KJacTepiB. /lana kapra J103BOJI€ MPoaHAII3yBaTH B3a€MO3B SI3KN
MIZK IeHTPaJbHUMU MOHATTAMU JOCILIZKEHHd Ta Bl3yaJi3yBaTh HPOBIIHI Ha-

IIPpAMKH Yy MeE2KaX KOZKHOI'O KJIaCTeEpa.

i D
|_natural language understanding |
(_performance | (Llarge anguage model |
(_speech processing ]
knowledge based systems ] W
(_natural language processing systems J (aniicia neligence
(Lvirtual assistant | ialoing) =T
(Janguage processing | (aiagnosis.)

Puc. 1.5. Kapra 3B’43KiB HaAOLIbIT 3HATYIINX KJIIOYOBUX CJIiB.

[TobymoBa 1iel pokycHOI KapTu 3jiiiCHIOBaIACh 3 METOIO KOHIICHTpAIlil
yBaru Ha HalOLIbII BayKJIMBUX KJIFOUOBUX CJIOBaX, BiJIIOpPaHUX 3a IMPUHIIUIIOM
MaKCUMAJIbHUX Ta TTePeIMAKCHMATBHIX 3HAUeHb HU3KN MOKA3HUKIB (KLIBKICTS
3B’sI3KiB, 3arajibHa Bara 3B’g3KiB, KIJbKICTh 3rajlyBaHb y MyOJIiKalligx, cepe/Hi
3HAYEHHsT pOKY MyOJrikarii, nuroBanocti Toimo). Bisyasizaris naiibiibin 3ua-
YyIIUX TEPMIHIB Ta 1X B3a€MO3B SI3KIB JIa€ 3MOI'Y 1IEHTU(IKYBATH MPIOPUTETHI

HAIIPAMKHI Yy KOYKHII 3 JIOCIIZKYBaHUX cep JJIsi OKPEeCJeHHsI TePCIeKTHBHIX
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HAITPSAMKIB MaflOyTHIX HayKOBHUX IOITYKIB.

Taxkwit miaxig J03BOJISE JAeTaJi3yBaTH 1 MOIJIMOUTU BUCHOBKM, 3pO0JIeH]

Ha OCHOBI 3ara/ibHOI KapTH KJIIOYOBHUX CJIIB, KOHIIEHTPYIOUYNCH OE3110CepeHbO Ha

HEHTPpaJIbHUX ITOHATTAX HaBYaHHA 4ar-00TIiB AK HpOBiILHMX areHTiB ITYy4YHOI'O

IHTEJIEKTY.

BucnoBknu 10 1 po3airy

1. Bibmaiomerpuunuit anasiz 549 jakepes i3 6a3i Scopus 3 1podIeMu HaBYa-

HHS 9aT-00TIB HAJAB MOXKJINUBICTD:

a)

BUSIBUTH HUKHIO XPOHOJIOr uHy Mexky (2018 pik), mounHaoan 3 kol
CIIOCTEPIraeThCs CTifiKe 3pocTaHHs KIJILKOCTI IyOJriKalliil i3 HaBJYaH-

HsI 9aT-00TiB;

BUCJIOBUTHU TIPUITYIIEHHS PO Te, MO0 MPUYNHOIO CYTTEBOIO 3POCTa-
HHsI KiJgbKocTi pobiT y 2023 pori (Ha 55 mopiBastHO i3 2022 po-
koM) € mnosiBa y Bigkpuromy mocrymi ChatGPT ta mos’ssanuit 3
UM CILJIECK 1HTepecy HayKOBOI CHIJIBHOTH JI0 TEMATUKU BEJTMKUX
MOBHUX MojieJieil Ta 4aT-00TiB: JIJId MM ITBEP/?KEHHSA 91 CIIPOCTYBaH-
HS 1[bOTO IPUITYTIIEHHS MOYKHA ITPOAHAII3YBATH KOHTEKCT KJIIOYOBUX
ciB y myoOsmikarisx 2023 poky Ha mpeaMeT Oe31mocepe/IHiX 3ra1yBaHb
ChatGPT abo 6,iu3bKUX JI0 HHOI'O CUCTEM, & TAKOXK PO3IJIAHYTH JTH-
HAMIKy IUTYBaHb Hpallb, npucssdennx ChatGPT, B inmux poborax

3a 11eil 1epioj;

3rpynyBaTu y 4 KjaacTepn aBTOPCHKI Ta 1HJIEKCHI KJIIOYOBI C/IOBa
JKepest 13 HaBdaHHs 9aT-00TiB: 1) OIpaIfoBaHHs PUPOIHOI MOBH;
2) 3acTOCYBaHHSI TEXHOJIOTIii ONMpAIOBAHHS PUPOJIHOT MOBU y CY-
CIIbCTBI; 3) 3aCTOCYBAHHS MAITMHHOTO HABYAHHS JIJIsT OTIPAIFOBAH-

HsI IPUPOIHOI MOBH; 4) daT-60TH y HABYaHHI Ta cdepi MoCyT.

2. JIng BusHAaUYeHHA HANOLIBIN 3HAYYIINX KJIIOYOBUX IOHATH JIOCTIJIZKEH-

Hs y KOYKHOMY KJjacTepi OiiM BHU3HAYEHI KJIFOYOBI CJIOBa, IO MailTh

HalOLIbIIe Ta HaCTYyIIHE 3a HUM 3Ha4Y€HHA 3a TaKUMHM ITIOKa3HUKaMM: K1J1b-

KiCTh 3B’9I3KiB, 3arajbHa CiJIa 3B I3KiB, KIJIbKICTh JJOKYMEHTIB i3 3a1aHu-

MU KJIIOYOBUM CJIOBOM Ta CepejHi: piK MmyOJikallil, KiJIbKICTh IUTyBaHb,
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HOpMaJIi30BaHa KIJIbKICTH NUTYBaHb. J[Js BijliOpaHuX KJIIOYOBUX CJIiB Oy-

J1a ob4Mc/IeHa 1X 3Ha9yIicTh Bij 1 10 6:

a) y mepriomy KJjacrtepi (omparfoBaHHsi TPUPOJHOI MOBH) HaNOLIbII
sHadymuMu € 7 kaodoBnx caiB (41%): computational linguistics
(6), natural language understanding (3), performance (2), language

model (2), speech processing (1);

6) y Apyromy KJacrepi (3acTOCyBaHHsI TEXHOJIOTIH OMPAI[FOBAHHS MTPU-
POJIHOI MOBHU y CYCHLILCTBI) Haitblibin 3uadymmmu € 10 KIro4do-
Bux cj1iB (63%): artificial intelligence (6), large language model (2),
chatgpt (2), human (2), training (2), review (2), conversational agent
(1), controlled study (1), education (1), male (1);

B) y TPeThbOMYy KjacTepi (3aCTOCYBaHHS MAIIMHHOTO HABYAHHS JIJIsi
OIPAIIOBAHHSI IPUPOJIHOT MOBH) HAHOLIBIN 3HAUYIUME € 6 KITF0U0-
Bux ciaiB (50%): natural language processing (6), natural language
processing systems (3), virtual assistant (3), language processing (2),

user interfaces (2), diagnosis (2);

r) y derBeproMy Kjacrepi (dar-060Tm y HaBuaHHI Ta cdepi mociyr)
HafOL 1B 3HaTy M € 7 KirouoBux ciiB (58%): chatbot (6), learni-
ng systems (3), curricula (3), learn+ (2), knowledge based systems

(2), personnel training (1), customer service (1).

3. Il yac ana/tizy KapTu KJIIOUYOBUX CJIIB OYJI0 BUSBJIEHO, IO TPETiit KJa-
crep (3acTOCyBaHHS MAITMHHOTO HABYAHHS JIJIsT OIIPAIIOBAHHS ITPUPOTHOT
MOBH) Ma€ MeBHi IIePeTHHN 31 3MICTOM MEPITIOTo (OIPAIFOBAHHST ITPUPOTHOT
MOBH) Ta JIPYroro (3aCTOCYBaHHsI TEXHOJIOTIH ONpAIFOBAHHST TPUPOIHOT
MOBH y CYCILILCTBI) KtacTepis. Lle mosicHIOETbCs THUM, 110 METO/[H MAIIIH-
HOT'O HaBYaHH#, 30KpeMa TJIMOMHHOTO HaBYAHHA, € (PYHIaAMEHTATLHIME
IHCTpYMEHTaMU JIJIg PO3POOKHU CHCTEM OIpaIllOBAHHA MPUPOTHOI MOBH Ta,
X 3acTOCYBaHb. TOMY JiesKi KJITOUOBI TEPMIHT TPETHOTO KJacTepa, TakKi sTK
OIpallfOBaHHS TPUPOJIHOI MOBH, BIPTYyaJibHI aCUCTEHTHU, HEUPOHHI MeperKi
TOITIO, TICHO TTOB’si3aHi 3 KOHIIEIIIIsIMI IHINNX KjaacTepiB. Lle ¢BiunTh mpo
TICHY IHTEerpallllo PI3HUX HAIPAMKIB JOCJIJIZKEHb Y €JIMHOMY HayKOBO-

My TIOJIi CTBOPEHHS IHTEJEKTyaJbHIX PO3MOBHUX areHTiB. llomambiimit
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aHaJI13 [ePEeTUHIB MI2K KJIacTepaMU MOXKe CTaTU MePCIEKTUBHUM HaIIPIM-

KOM MaiOyTHIX HayKOBHX IOIIYKIB JJIs0 OLIBII 4iTKOIO PO3MEXKYBAHHS

peJIMeTHUX 00J1acTeil.

Anaiz KapTi 3B’s13KiB HaMOLIBINT 3HATYIIUX KJIIOYOBUX CJIIB HaJZaB MO-

JKJIMBICTh BUBHAYUTH ITPOBIIHI HAIIPSAMU JIOC/IJI2KEHb:

a)

y OIpalllOBaHHI IPUPOJHOI MOBHU 3acobdaMu  0OYMC/IIOBAJIbHOI
JIHIBICTUKKM — PO3YMIiHHSI IIPUPOJHOI MOBHU, ITOOYJI0BA MOBHHX MO-

Jiesieil Ta po3Ii3HaBaHHS MOBJIEHHS,

y 3aCTOCYBaHHI TEXHOJIOTH MITYYHOIO IHTEJIEKTY JIJIs OIPAIlIOBaHH S
IIPUPOJIHOT MOBU — KOHTPOJIbOBaHE BUKOPUCTAHHS BEJIMKNX MOBHUX

Mojiesieit Ta gar-60TiB (30kpema, ChatGPT) y ocsiri;

y 3aCTOCYBaHHI MaIlllMHHOIO HaBYaHHs JIJIsI OlIpallfOBaHHS IPUPOHOL
MOBU — BUKOPHUCTAHHS BIPTYaJbHUX ACUCTEHTIB, IPUPOJIHOMOBHUX
iHTepdeiiciB KOpUCTyBadya Ta IHIIMX CUCTEM OIpPAIIOBAHHSA MPUPO-

JIHOT MOBHU, 30KpeMa, JIJis JIIarHOCTUKMY;

y 3aCcTOCyBaHHI 4aT-00TiB y HaBYaHHI Ta cdepi MOCIyTr — BUKOPHUCTA-
HHS 9aT-00TiB, CHCTEeM HaBYaHHS Ta CUCTEM YIPABIIHHSI 3HAHHIMU

JJIg JOIIOBHEHOI'O Ta aJallTUBHOI'O HaBYaHHd.

Busnaueni HalpsaMKI MOXKYTb OYTH KOPUCHUMHU JIJI OPTaHi3alliil mpu po3-

poOIIi cTpaTeriii BUKOPUCTAHHS IITYYHOI'O iHTEJIEKTY Ta iHTerparii pos-

MOBHUX areHTiB Y BUPOOHUYY TisIbHICTD.

Pesynbrar mpoBeIecHOro 610, I0MeTPIIHOIO aHa I3y MOYXKYTh 3HANTH 3a-

CTOCYBaHHS:

® B OCBITI:

a) BU3HAUEHI MPIOPUTETHI HAPSIMKI JOC/TIIZKEeHb Y TaIy3l HaBYa-
HHsI 4aT-00TiB MOYXKYTh OYTU BUKOpPUCTaHI JijId pOPMYyBaHHS Te-
MaTHUKK KypCiB, IporpaM IiJiroToBKu (axiblliB 3 ollpallloBaHHg

IPUPOJIHOT MOBU Ta PO3POOKU CHCTEM INTYYHOT'O 1HTEJICKTY;

0) BUSIBJIEHI KJIIOYOBI MOHATTS 3JaTHI CJIyTyBaTH OCHOBOIO 171

PO3POOKK HaBUYAJbHUX MaTepiajiB, MOKJIMKAHUX BUCBITIUTH
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HaliBazKJIMBIII KOHIIENIIT Ta TEXHOJIOT CTBOPEHHSI PO3MOBHUX
areHTIB;

OIJIs1JI 3aCTOCYBaHb 4aT-00TIB B OCBITHBOMY IIPOIECI OKPEC/IIOE
NePCIeKTUBHI NIJISIXM 1X 1HTerpalil B cUcTeMu aJallTUBHOTO 1

[IepCOHAJII30BAHOIO HABYAHHSI;

® v HAYKOBUX JIOCJIJIZKEHHSX:

)

KapTa 3B A3KiB K/JIIOYOBUX MOHATH MOXKE CJIYTyBaTh 6a3010 JIs
dopMyBannsg HAYKOBUX TiITOTe3 Ta MOOY/I0BU KOHIIENTYaIbHIX

MoJiesiell 111 9ac IPOEKTYBaHH JTOCIZKEHb;

pe3yJibTaT aHaJ i3y BIAKPUBAIOTH IMEPCHEKTUBU JIJIs 110/1a/1b-
mux O10/JIOMETPUIHUX CTY/IIN JUHAMIKNA Ta B3a€MO3B A3KIB Y
[peIMETHOMY TIOJIL;

BUSIBJICHI IPIOPUTETHI HAIIPAMKH BU3HAYAIOTH aKTyaJIbHI BEKTO-
pu MafibyTHIX HAyKOBUX PO3BIJIOK Y TasIy3i IMITYYHOTO IHTE/IEKTY
Ta f0r0 BUKOPUCTAHHS Y HAyKOBUX JIOCJIJZKEHHSX Y TaJiy3l

COIllaJIbHUX HayK.
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PO3/ILIT 2
MOJIEJITI HABYAHHS YAT-BOTIB

2.1. HaBuaHHS 3 yuuTejeM

Hapuanust 3 yunresem (supervised learning), abo kepoBaHe HaBYaHHSI
€ OJIHUM 13 OCHOBHHX IIIJIXOJIIB JIO MallIMHHOI'O HaBYaHHS, KU IINPOKO BHU-
KOPUCTOBYETHCs [IJIs1 MOOYI0BH 4ar-00TiB Ta iHmux miajgoroBux cucrem |90,
c. 3940] (puc. 2.1). Heit miaxin nepenbadae HaBIAHHS MOJET Ha PO3MIYEHUX
JAHUX, JIe KOYKeH MPUK/Iaj MICTUTh BXiJqHYy iH(pOpMAIiio (3anuT KOpucTyBada)

Ta, BIIOBIIHY MITHOBY BiAMOBLIL (peruiiky dar-60Ta).

OmnpalfoBaHHs TEKCTY

— |

Moienn

[nTepdeiic Ko-
MallINHHOr0 =<~—>—= DBa3a 3Haub

pucrysada (Ul)

HaB4YaHHA

~_ |

['enepairrist Bijnosimi

AR

KomnonenTn gar-6ota
Puc. 2.1. Baranmpna cxema poborn dar-6ora (3a |67, c. 2]).

Patil, Mudaliar, Kamat [67]| Buokpem/00Th HACTYIIHI KOMIIOHEHTH YaT-
ooty |67, c. 2|):

® 0npayrosanHA Mmekcmy — BeKTOpHI nomanHst ciiB (word embeddings) e
BEKTOPHUMU 300parKeHHAMHI CJIiB Y MeKax MeBHOI0 CJIOBHUKA, 110 JI03BO-
JIAIOTh Kpallle peaJsii30ByBaTH Ta BUKOPUCTOBYBATH CTATUCTUYHI MOJEJII

MalIMHHOI'O HaBYaHHI]
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® M00eAb MAUWUHHO20 HABUAHH.A — KOHIICIIIIS IITYIHOI HeIPOHHOT Mepexi,
gKa, MMIPOKO BUKOPUCTOBYETHCS JIJIsT OTPAITIOBAHHS BXOJTy, KJiacupikaliii

Ta TeHepallil HaiiOlIbII BiAIIOBITHOT BiAITOBII HA BXIIHMIT 3aIIUT;

e 0On3a 3HaHL — HADIP JAHUX, 1110 BUKOPUCTOBYETHCS /Il HABYAHHS MOJIEII,
SKUI MOKe OYTH BIAKPUTUM ab0 3aKPUTUM 34 MPEMETHO0 00J1acTO (J10-
MEHOM ): 9aT-00TH BIIKPUTOTO JOMEHY MOCTYIIAIOThCA PEIEBAHTHICTIO Ta
TOYHICTIO BIJIIOBiJICil, a 4aT-00TH 3aKPUTOrO JOMEHY IIPaIllOiTh J00pe

3aBJISIKI OOMEXKEHUM, aJjie 9iTKO BH3HAYEHUM paMKaM Habopy JaHUX;

o 2eHepauls 610Nn06101: BiJIIIOBIIb, 1110 IIOBEPTAEThCS Ha BXIJIHMI 3a1uT, abo
obupaeThes 3 6a31, a0 reHepYETHC 3aJIeXKHO Bl 0COOINBOCTE BXI1IHIX

BEKTOPIB, CJIOBHUKA Ta HABYEHOI'O KJIacudikaTopa.
[Tporiec HABYAHHS 3 y4auTeaeM JjId 9aT-00TiB BK/IIOYAE HACTYIIHI eTalu:

1. Bubip apxiTekTypu Moje/i.

2. 306ip Ta aHOTYBaHHS JAHUX IS HABUAHHSI.
3. Ilomepenne ompalfoBaHHs JaHIX.

4. Hapuannsg moseJ.

5. Ominka sKOCTI HaBYEHOI MO/IeJIl.

Cepe/1 1pobJieM HaBYAHHS 3 yIUTEJEeM MOYKHA BUJILJIATH 1TOTPEDY y Be-
JINKOMY 00Cs31 AKICHUX PO3MIYeHUX JaHWX, 30ip Ta aHOTYBAHHS SKUX MOXKEe
OyTu TpymomicTkiM Ta 3aTparHuM mporecoMm [90, ¢. 3940]. OxuuM i3 crocobis
i1 po3B’si3aHHA € BUKOPHUCTaHHS HAIiBKEPOBAHOIO HABYAHHH, dKE HAJA€ MO-

JKJINBICTH HaBYaTHU MOJeJIb AK Ha pOSMi‘IeHI/IX, TaK i1 Ha HepOSMiquI/IX JaHNX

(90, ¢. 3943).

2.1.1. Seq2Seq Mojie/Ii HA OCHOBi PEeKypPEHTHUX HENPOHHUX MeEpeK

Seq2Seq (Sequence-to-Sequence) Moiesi Ha OCHOBI peKYpPEHTHUX HEHPOH-
HuX Mepexk 13 3acrocyBanusiM Moy LSTM (Long Short-Term Memory) e
OJIHUM 13 IIJIXO/IB JI0 1OOYI0BHU J1iaJIONOBUX CUCTEM 3 BUKOPUCTAHHSIM METOJIiB

MaIllMHHOTO HaBuaHHs (44, c. 230].
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ApxiTekTypa Seq2Seq CKJIaJa€TbCsl 3 JIBOX OCHOBHUX KOMITOHEHTIB: KO-
JyBaJbHUK Ta JIEKOIyBaJbHUK. KomayBaJbHIK 00pobJisie BXIIHY TOCTIIOBHICTD
(3amuT KopmCTyBada) i reHepye i1 BeKTOpDHE MOJAHHS Y IPUXOBAHOMY IPO-
cropi. JlekoayBaJIbHUK, Y CBOIO YePI'y, BAKOPUCTOBYE 1€ MOJIAHHS JIJIsd NeHepallil
BUX1IHOI MOC/TiIOBHOCTI (Bigmosiai gar-6ota) (67, c. 9.

KiouoBoro ocobsmBicTioO Seq2Seq Moje/ieil € BUKOPUCTAHHSI PEKYpeH-
THUX MapiB, 30kpeMa LSTM, st 06pobKu mocstimoBHux janux |67, c. 4.
LSTM Moy 103BOJISIIOTE €(heKTUBHO MOJIEJIIOBATH JOBIOTPUBAJI 3a/I€2KHOCTI
y TOCJIJIOBHOCTSX, IO € KPUTHIHO BAXKJIMBUM JIJIsi TeHepallil 3B’sa3HUX Ta
KOHTEKCTHO-PEJIeBAHTHUX BIJIIOBI/Iel y jianosi [67, ¢. b).

Seq2Seq mozeni Ha ocHoBi LSTM wmaiorh meBHI oOMexKeHHsi. 30KpeMma,
BOHE MOYKYTb CTPazKJIaTH Bij mpobjeMn “3aTyxatodux rpajieHTis’ (vanishing
gradients) mpm ompargoBasti J0BruX mocsijgoHocTeit [67, c. 4].

Tum ne menin, Seq2Seq apxitekTypu Ha 6a3i LSTM joci 3ajiumaioTbes
BaXKJIMBUM OY/IiBeJIbHIM OJIOKOM CyJacHUX JIiaJIoroBUX crucTeM. BoHI 4acTo BU-
KOPHUCTOBYIOThCA sIK 0a30BI MOJIesIi, sIKi HaJlali MOXKYTh OyTH BJIOCKOHAJICH] Ta
PO3IIUpeH] 3a paxyHOK IHIINX METO/B, TAKUX sIK MOjy/ii yBaru (attention) abo
iepapxiuni apxitekrypu [90, c. 3941-3942].

Y KOHTeKCTI po3pobku dar-60TiB Seq2Seq mojesni Ha ocHoBi LSTM 3a-
pekoMeH1yBasn cebe gK eeKTUBHUI IHCTPYMEHT JIjIsi FeHepallil BiJoBijieil Ha

3aliTH KOPUCTYBATIB Y PI3HOMAHITHUX TIpeJMeTHNX obacTsx [42].

2.1.2. TpanchopmepHi apxiTeKTypu

Tpanchopmepni apxiTekTypu, 30Kpema Mozedi cimeiictBa GPT
(Generative Pre-trained Transformer), sBIsg0TE €000 TE€PEIOBUI  ITiIXijI
JIO TIOOYJIOBU MOBHHX MoJiesieil Ta jiajioropux cucreM. [l apxiTekTypu HaOyJm
HaA3BUYAMHOT IOMYJISIPHOCTI 3aBJsIK TOMY, IO BOHHU IIOCJIJOBHO IIepeBep-
MIYIOTH 1HIN MOBHI MOJeNi, Takl 9K peKypeHTHI Heifponni Mmepexi. [li momei
basyloThcss Ha MexaHizmi camoysaru (self-attention) 1 s3marni edexTuBHO
00pOOJIATH Ta TeHEPYBATHU MOCIIOBHOCTI JIOBLIBHOI JIOBXKUHM, 30€piraTu JTOBIII
icTopil po3MOB, IO Beje JI0 IOC/III0BHOI, KOHTEKCTHOI Ta IIOKPAaIlleHol Oecian
129, c. 2].

ApxiTekTypa TpaHcdopmepa CKIJIaEThCs 3 KLIHLKOX OJIOKIB KOJ/LyBaJlb-

HUKa Ta JEKOAYBaJIbHUKa, KOXKEH 3 AKUX MICTUTDb mapu caMOyBal'l Ta IIPAMO-
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ro nomupenssi (puc. 2.2). 3aBjsiku 1boMY TpaHcGOPMEPH 3JIaTHI Mapasie/bHO
0OpOOJIATH BCl eJIeMEHTH BXiIHOI MOCIIOBHOCTI [8; ¢. 2|, 1110 3HAYHO TPUIIBU/I-

1Y€ TIPOIeC HaBYAHHSI TIOPIBHAHO 3 PeKypeHTHUMHI Mojessivu (8, c. 10].

Output
Probafbilities
| Softmax |
|  Linear |

A

(. N
| Add & Norm <=~

Feed
Forward
r

~ | Add & Norm <~
—{ Add & Norm J Multi-Head
Feed Attention
Forward 7 7 ) N x
F

A

7

( J~
Add & Norm
Nx I
—| Add & Norm ] Macked
Multi-Head Multi-Head
Attention Attention
‘ A ’ & A }

k_ J \\ J)
Positional A ¢ Positional
Encoding Encoding

Input Output
Embedding Embedding
Inputs Outputs

(shifted right)

Puc. 2.2. Apxitekrypa Tpancdopmepa [8; c. 3.

JloC/IIAHUKI TaKOXK IPOJEMOHCTPYBaJIM, SIK IPOJAYKTHUBIHICTL BEJIUKUX
MOBHUX MOjIeJsieil, HaBUeHNX Ha BEJIMKOMY KOPITYCl JIaHUX, MOXKe OYTH ITOKpallie-

HHsI IpK JfoHaBYaHH] (fine-tuning) Ha KOHKpeTHUX 3aBIaHHsIX. [le MOXKHA TiTKO
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criocrepirarn, Koyn mu jusumocst Ha cepito GPT Bin OpenAl (puc. 2.3): GPT,
GPT-2, GPT-3 ta GPT-4, sika 3/1aTHa BUKOHYBATH 3aBJIaHHs TUITY BiJIITOBIII Ha
3allMTaHHA, PO3YMIHHA IIPOYUTAHOIO, y3araJbHEHHS TEKCTY, NeHepallist TeKCTY

91 MOJICJTIOBAHHST Po3MoBH |29, ¢. 2].

Output Block Output

1 ry

Softmax / e \
1 k

Fully-connected Dropout

i i
LayerNorm Fully-connected
t T

» ||
/ GPT Block #L

LayerNorm
L -< : a}
! Dropout
\ GPT Block #1 1‘
1 ‘.". 4 “\
Multi-head
Dropout Attention
Positional PN | Module
Encoding L i
Embedding \ LaVekaorm /
Input Block Input

Puc. 2.3. Conceptual architecture of a GPT model [51, c. 4.

Hespaxkaroun Ha Bpazkatody npoyKTupHicTb Mojeseit GPT, Bigomo, 1m0
BOHU JIEMOHCTPYIOTH SIBHUINE, K& HA3UBAECTHCS TAJIOIIMHAIIEI0, IPU TKOMY BO-
HU PeHEPYIOTh PE3YIbTATH, siKi € KOHTEKCTYaJIbHO HElPaBIOTOIOHNMI a0 He-
cymicanmu 3 peasbHuM cBitom [51, . 1]. Hespaxkatoun Ha 1ie, TpancdopmepHi
apxitekTypn, i 30kpema Mozesi GPT, cramu ge-dpakTo craHjapToM Jijisi 100y~
JIOBH CYYaCHHX JIaJIOrOBUX CHCTEM Ta 4ar-60TiB. IxH# 3parTHicTH 06pO6ISTH
KOHTEKCT, MeHepyBaTH JIIOJUHOIONIOHI BIJIOBIII Ta aJalTyBaTHCs JI0 PI3HUX
npeMeTHUX o0JacTell poOuTh IX TMOTYKHUM IHCTPYMEHTOM JIJId CTBOPEHHS

IHTEeJIEKTYaJIbHUX aCUCTEHTIB Ta BIPTYaJIbHUX CIIIBPO3MOBHUKIB.
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2.2. HapuyaHHA 3 OIIKPIIJIEHHIM

Hapuansst 3 nijgxpimientsiv (reinforcement learning) e ofgaum i3 mingxo/is
JI0 MAIIMHHOI'O HaBYaHHSI, SIKMII HaOyBa€ Bce OLJIBINOI MOIYJISIPHOCTI y raJiysi
o0y 1oBM 4aT-00TIB Ta IHIUX JiaJloroBux cucreM. Ha BiMiHY Bij HaBYaHHsI
3 yuuTeseM, Je MOJeb HABYAEThCsS Ha PO3MIUEHHX Iapax ‘3aluT-BiInoBiap’,
HaBYaHHSA 3 IMJKPIIJIEHHAM JI03BOJISIE€ MOJE/ HABYATHCA UYepe3 B3aeMOJII0 3
CEpeJIOBUINEM Ta OTPUMAHHSI 3BOPOTHOIO 3B SI3KY Y BUIJISAIl BUHAI'OPOJ Ha CBOI
it

s BUTIaIKY, KOJIM CEepeJIOBUINEM € KOPUCTyBad, IpoIlec HaBYAHHA 3

I IKPIIEHHSIM JIJIsT 4aT-00TiB MOYKHA IIPEJICTaBUTH y TaKuil Crocio:

1. Arent (4ar-60T) B3a€MOJIi€ 3 KOPUCTYBAYEM y JUCKPETHI MOMEHTH Jacy.

2. Ha xoxkHOMYy KpoIll areHT oTpumye iH(MOPMAIIO MPO MOTOYHUI cTaH

JliaJIory Ta reHepye BIJIIOBIIb.

3. KopucryBau Hajlae 3BOPOTHUI 3B’SI30K Yy BUIVISAl BUHATOPOJM, sKa
BijloOpaskae SIKICTh 3reHepOBAaHOl BIJAIMOBIAI Y KOHTEKCTI IOTOYHOI'O
niajory. OyHKIA BUHATOPO/IN BU3HAYAE, TKUM IMHOM OOYUCTIOETHCS BU-
Haropojia 3a KOXKHY JIII0 areHTa, Ta MOKe BPaxOBYyBaTU PI3HI acCleKTH,
TaKl K pejieBaHTHICTH BIJAIMOBIL, 11 rpaMaTudHa TPaBUJILHICTD, 3a/I10BO-

JIEHICTh KOpUCTYyBaya TOIIIO.

4. AreHT OHOBJIIOE CBOIO CTpATerifo TaKUM YIHOM, 00 MAaKCHMI3yBaTh
dyHKIIiS IHHOCTI — cyMapHy OYiKyBaHY BUHAIOPOJY IMPOTSTOM BCHOI'O

JiiaJory.

IlepeBaroro 4ar-00TiB Ha OCHOBI HaBYaHHA 3 IIJKPIIJIEHHSIM € IXHsI
3JI@THICTH aJlallTyBaTUCd JIO0 PI3HUX CIleHapliB B3a€MOJII 3 KOPUCTyBadeM Ta
ONTUMI3yBaTU CBOIO TMOBEIIHKY JJIs JOCATHEHHs OarkaHuX pe3yabTariB. Kpim
TOr0, TaKi areHTH MOXKYTh HaBYaTHCs HA OCHOBI HESIBHOI'O 3BOPOTHOI'O 3B’SI3KY
BiJI KOPUCTYBaya, 110 JI03BOJISIE YHIKHYTH HeOOXiTHOCTI B IBHOMY PO3MiuyBaHHI
JIAHUX.

Hapuanmns 3 miKpinieHnsaM Ha OCHOBI 3BOPOTHOTO 3B’SI3KY BiJl KOPUCTY-
Bada (reinforcement learning from human feedback, RLHF (puc. 2.4)) 3a3suuai

BIUKOHY€ETHCs iTepariiiino [45, ¢. 92]:
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1. Mojesib BUHArOPO/IM CIIOUATKY HABYAETbCsl Ha HAOOPI JAaHUX JIIOJICHKUX

CYJI?KCHb.

2. Mogenb crpateril HaBYeHa MaKCUMI3yBaTH BUHAIOPOJY 3a JIOTIOMOTOTO

IIOTOYHOI MOJIe/II BUHATOPOJIU.

3. IloTim JTIOM OIIHIOIOTH PE3yIbTATH MOJIENI CTPaTeril JIJId CTBOPEHHS HO-

BOI'0 HAOOPY JIaHUX.

4. Tleit HoBuiT HADIP JAHUX BUKOPUCTOBYETHCS JIJIsi OHOBJICHHSI MOJIEJI BIHA-

rOPO/IU, IO POOUTH 11 OLJIBIT TOTHOIO.

5. Mogens cTparerii 3HOBY HaJAIITOBYETHCS 3a JOTIOMOTOI0 OHOBJIEHOT MO-

JeJii BUHATOPOJIN.

predicted reward predictor [« fhudrgank
reward eedbac
_Observation
RL algorithm environment
action

Puc. 2.4. Hapyannud 3 mMIKPIIJIEHHSIM HA OCHOBI 3BOPOTHOI'O 3B 3KV Bl KOPU-
vl y BI1A

crysada |26, c. 2|.

[enepartuBro-3Maranbii  Mepexki  (Generative Adversarial Networks,
GAN) ¢ omHEM i3 HAfGLIBIT IHHOBAIIHHIX MIIXO/IB JI0 KePYBAHHs [iajl0rOM
y dar-60Tax. GAN ckja/1aloThcst 3 JIBOX HEHPOHHUX MepexK — reHeparopa Ta
JIMCKPUMIHATOPA, SKI 3MaraloThCd OJIHA 3 OJIHOI0 y Tporieci HaBuaHHd. Me-
Ta reHepaTopa — CTBOPUTHU BIJIOBII, SKi Oy/yTh HACTLILKU pPeaJiCTUYHUMU,
IO JTUCKPUMIHATOP He 3MOKe BIAPIZHUTH 1X BIlJI CIIPaABXKHIX BIIIOBIIEH JIIOIN-
Hiu. Meta aucKpuMiHaTopa — HABUYUTHUCS PO3PI3HSTHU 3reHEepPOBaHI BIJAMOBIII Ta
CIIpaBXKHI BIIIIOBIII.

Chou, Hsueh [21| sampomnonyBaHo MeTO) CTBOpeHHs1 dar-60Ta 3a Jio-
IIOMOI'OI0 MOJIEJI, siKa T'e€Hepye IIOCJIJIOBHI peveHHs Ha OCHOBI I'eHEepaTUBHOI

3MaraJibHOI MepexKi. ApXiTeKTypa MOe i MICTUTh FeHepaTop, KNl TeHepye
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pi3HOMaHITHE pedeHHs, 1 JUCKPUMIHATOD, KUl OIIHIOE pedeHHs. Y TeHepa-
TOp1 HO€HAHI MOJIe/Ib yBar'u, sKa pearye Ha BIJCTEKEHHSI CTaHIB PO3MOBHU, 3
MoJIesTI0 Seq2Seq, 3a jgonomoror LSTM st orpuMmanss iHdopMalil mpo pe-
yenns. /s qucKpuMiHaTopa po3paxoByIOThCS JIBa, THITH BUHATOPO/I, 100 MpHU-
3HAYUTHU HU3bKI BUHAI'OPOJIU 3a MOBTOPIOBAHI pedyeHHsI Ta BUCOKI BUHAIOPOJIU
3a PIBHOMAaHITHI PeUYeHHsI. 3a TAKOTO IiJIXO/Y CEPEJIOBUIIEM BUCTYIIAE CAMa MO-
JleJTb.

Bampornonosana Tran, Le, Huynh [88] momenb moennye waBuaHus 3
MIKPIIJIEHHAM Ta NeHepaTUBHO-3MarajibHl Mepexki JJis TeHepallil K TOYHUX,

Tak 1 MOJIIOHUX JI0 JIFOJCEKUX BijioBijeii (puc. 2.5).

Reinforcement Learning

Turnt +1

urnt+ 2
D
Turn t + k
Decoder

fine tune

A

v

»
generated response

Puc. 2.5. T'iopugna momens, mo noeganye RLHEF ta GAN 1 HaBuanns gar-
ootis (3a (88, c. 75962)).

human|response

-<— Score Model

2.3. TpancdepHe HaBUaHHHA

Tpancdepre napuanns (transfer learning), abo HaBUaHH 13 IepECEHHSIM,
€ IiJIXOJIOM J0 MAIIMHHOIO HaBYaHHsI, TKUIl J03BOJISIE BUKOPUCTOBYBATU 3HA-
HHS, OTpUMaHl MOJIeJIJIIO ITPU BUPIIIEHH] OJHIel 3ajiadl, JJId HOKpalleHHs 11
eeKTUBHOCTI IIpU BUPIIeHH 1HITOT, cx0oxkol 3a1a4i [45, c. 81].

[nes TpancdepHOro HaBUYaHHS IOJIATaE y TOMY, 11100 CIIOYATKY HaBIUTH
MO/IeJIb HA BEJIMKOMY 00CSI31 JJAHUX /Tl BUKOHAHHSI 3araJibHOTO 3aBIaHHs (Ha-

MPUKJIaJ, TepeadadeHHs HACTYITHOTO CJIOBa Yy PEYeHHi), a MOTiM JOHABYINTH 11
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Ha MEHIIH KiJTbKOCTI JIAHUX JIJIsT BUKOHAHHSI CIeIiiTHOTO 3aBjaHHs (HalpH-
KJIaJ1, TeHepallil BimoBiei dar-60Ta y meBHiil mpeaMeTHii 0061acTi).
Ajanrartiss Mojiesieil il KOHKPETHY MpeMeTHy 06/acTh (JIoMeH) € Ba-
JKJIMBUM  HAIIPSIMKOM TPaHC(EpPHOIro HaBYaHHs, KUl JIO3BOJISE ITOKPAIIUTH
skicTb poborn yar-60TiB y crerudiunnx cdepax 3acrocyBantsg. Asropu [33,
c. 4116] po3pi3HAIOTH J[Ba BUIAJIKE, KOJIH JIBA JOMEHHU [IEPEKPUBAIOTHCST Ta KOJII
OJINH JIOMEH € PO3MINPEHHSAM 1HIIOT0, i BKa3yloTh Ha IepeBarun BUKOPUCTAHHA

TpaHcdepHOro HaBYaHHs JIJIsl HABYAHHS CIIeliali30BaHuX 4aT-00TiB:

e HaBUYaHHS 4aT-00TIB HA MEHIIIil KIJIbKOCTI JaHUX: Y cepeloBUINaX 3 0OMe-
JKEHHAM JIaHUX MOJIEJIi, HaBYeHi 3a JOIIOMOT'0I0 TpaHCchEepHOro HaBUYaHHs,
JIOCATAIOTh KPaIlUX Pe3yJbTaTiB HaBYaHHA Ta TeCTyBaHHSA, HizK MOJIEJI,

HaBUYeH]l He3aJ1eXKHO;

e Kpallla IPOJYKTUBHICTH 4aT-00Ty: BUKOPUCTaHHS TPaHC(EPHOTO HaBYaH-
Hs Ma€ 3HAYHUN MO3UTUBHUI BILJINB HA MPOJIYKTUBHICTH, HaBITh KOJIU BCl

JlaHl 3 IIJIbOBOI'O JOMEHY JOCTYIIHI.

Tonke wanamrysanis (baitHTIOHIHT, Bij fine-tuning) icHYIOYNX BEJTUKIX
MOBHUX MOJIeJiell 3aMiCTh CTBOPEHHS 1X 3 HYJId YacTO € OLJIbIT MPaKTUIHUM i

ebeKTHBHUM TTiJ1X0/I0M 3 TakuxX npuand (45, ¢. 80-82):

e eeKTUBHICTL pecypciB — (alHTIOHIHT BUKOPHUCTOBYE TONEPEHBO Ha-
BUEHI MOJIEJI, 110 JIO3BOJISIE JIOCATTH BUCOKOI IMTPOLYKTUBHOCTI O€3 3HATHUX

IHBeCTUIIIl Y 00YMC/TIOBAJIbHI PECYPCH;

e edeKTUBHICTD JaHNX — (PAHTIOHIHT JI03BOJIsIE CKOPUCTATICS BEJUKIM 00-
CSIlOM JIAaHUX, Ha sIKMX OYJIM IOIEepeHbO HaBUeHI MOjesi, HoTpedyodn

JIAIIIE MEHIIOro, crenndiiHoro s 3aja4i Habopy JaHUX JIJIsl aJIallTallil;

® [IePEHECEHHs] HaBYaHHS — IONEPE/IHbO HABYEHI MOJIe/l MalOTh 3araJibHe
PO3YyMIHHS MOBM, KOHTEKCTY 1 IIEBHI IIPEJIMETHI 3HAHHSI, SIK1 [IEPEHOCIATHCs

Ha KOHKPETHY 3a/1a9y 1pu paiiHTIOHIHTY;

® BICOKA MPOJYKTUBHICTDL — (PARHTIOHIHT JI03BOJIsIE BUKOPUCTOBYBATU CY-
YacHl apXiTeKTypu, PeTeJbHO ONTUMI30BaHl Ta IPOTECTOBAHI eKcllepTaMu

raJjysi;

28



84]:

HUKUMT Oap’ep BXoOJly — (aHTIOHIHT € OLJIbII JIOCTYITHUM JIJIss Op-
raHizariii Ta ocib, 9Ki He MalOTh JOCTATHLOI 1HMPACTPYKTYPHU I Ha-

BYaHHA MO,ZLeﬂeﬁ 3 HYJIA,

IIOCTiliHE HaBYaHHsS — IMOIEpPEeJHbO HaBYEHI MOJEJl MOKHa IHOCTIHHO
OHOBJIIOBATH Ta HAJAINTOBYBATU JJIsI PI3SHUX 3aBJaHb, 10 POOUTH IX

yHiBepcaﬂbHHMI/I Ta aJallTUBHUMU,

HINPOKE 3aCTOCYBaHHA — OJHY IIOIIEPECIHBO HaBYCHY MOJCJIL MO2KHa Ha-

JIAIIITYBaTH JIJIs1 OaraThox JOMEHIB 1 3aB/laHb.

[Iporiec TOHKOro HAJIAIITYBaHHs BKJII0Ya€e Taki Kpoku (puc. 2.6) [45, c. 82-

SaBaHTayKeHHSI [TapaMeTpiB MoNepeHbO HABYEHOI MOJIEJI.
[TizroroBka crienudiqHoro Jjis 3aBJaHHd HAOOPY JTaHUX.

BI/IJIy‘{eHHH O3HaK 3 BHKOPUCTaHHAM IIOIIEpeIHbO HaBYCeHUX mapiB MO-

Jei.

PerymoBanng nmapamMeTpiB Moel 3a JOTTOMOTOI0 3BOPOTHOTO TOITHPEHH A

IIOMUMJIKI Ta FpaﬂiGHTHOFO CIIYCKY 3 MEHIIIOIO HIBI/IrZLKiCTIO HaBYaHHA.

OHOBJIEHHS TI'PaJIE€HTIB, 3aCTOCYBaHHSI Pery/sipus3aril jjs 3amnobiraHHs

repeHaBYaHHs.

Bubip crparerii daliHTIOHIHTY: IOBHE a00 YaCTKOBE HAJIAIITYBAHHSI MO-

Jiel.

Omninka eeKTUBHOCTI Ta OMTUMIZAIA TineprapamMeTpiB MOJIEI.

[Ti1 yac TOHKOro HaJIAIITyBaHHA HEIIPOHHOI MeperKi BiJIOYBAIOTHCs 3MiHI

Ha PIBHI apxiTeKTypn Ta okpemux Heiipouis [45, c¢. 85-88]:

e KOpDUT'YBaHHs Bar i 3MiHa BUXOJIIB (DYHKIIIH aKTHUBAIIIT;
e HaJIAIlITyBaHHs BEPXHIX MIapiB MOl Ta 3aMOPOKYBaHHs HUKHIX I1apiB;
® peryJIIOBaHHS ITPOCTOPY O3HaK JI/Isd aJallTallil 0 HOBOI'O 3aBIaHHSI;

e 3aMiHa OCTAHHBOI'O IApPYy JJIs BlJIITOBIIHOCTI HOBOMY 3aB/aHHIO;
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Bukopucransst

IOTIEPETHBO
SaBaHTayKCHHs
HaBIEHUX
napameTpiB :
P P napiB
e 0
[TomepemaBHO Tonxko
Bunyuenns
HaBYeHA  [—— HaJIAIITOBAHA
O3HaK
MO/IEJTb MO/IEJIb
J
e . . 0
_ Crenudivnmii ,
[Tiroroeka Tonke nHaJia- Ominka Ta
JIJTS 3aBIaHHA —— o
JTAHITX . HITYyBaHHS ONITUMI3aIS
HaOIp JIAHUX ; ;
= J | |
PerymoBanns Ormuinka ede-
1apameTpis, KTHUBHOCTI,
cTpaTeril OIITUMIBaIIS
daitaTioninry rinepriapaMeTpiB

Puc. 2.6. Cxema 1poriecy TOHKOTO HaJIAIITYBaHHS.

e OHOBJICHHS ITapaMeTpiB HOpMaJIi3allll IaKeTiB JaHmX.

Tonke HajamITyBaHHS J03BOJIsIE e€(PEKTUBHO aJIalTyBaTH IIOIEPETHBO
HaBYEHI MOJIEJi JI0 KOHKDPETHUX 3aBjlaHb, 30epiratoun IXHE “ayTTd Ta

OIITUMI3YI0UH JIjIsI CliennpikKyu HOBOI 3a/1adi.

2.4. Omniaka edeKTUBHOCTI HaBYaHHS 4aT-00TiB

Taulli [84] posruisiyiae psiji MeTPUK eheKTUBHOCTI BEJIMKUX MOBHUX MO/Ie-
neit (tabut. 2.1).

Human evaluation (orinka sroapmMu, abo JIFOJCbKA OIIHKA) € IPYTIO Me-
TOJIIB, {AKi mepeadadaroTh 0E3M0cepe/IHIO OIIHKY SKOCTI poboTH 4arT-00TiB pe-
aJILHUMI KopuctyBadamn abo excreptamu. L1 MeToan 103BOISIOTH OTPUMATH
OLTBIN TIJTICHY Ta KOMILIEKCHY OIIHKY e(peKTUBHOCTI MOJIEI, BPaXOBYIOUH TaKi
ACIIEKTH SIK PEJIEBAHTHICTD, 3B SI3HICTh, IIPUPOJIHICTD Ta, KOPUCHICTH 3reHepoBa-
HUX BIJIIIOBIEIN.

J171s1 JTFOACHKOI OIIHKH SIKOCTI TOHKO HAJIAIITOBAHOI MOE/I HEOOX1THO BH-
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Tabuia 2.1

Merpukn y1st OniHKH Mojeseil renepariii Texery (3a (84, c. 36-37]).

Metpuka Omnmuc

BERTScore OIIIHIOE IIJIAXOM IOPIBHAHHS 3r€HEPOBAHOIO TEKCTY 3 eTa-

JIOHHUM TEKCTOM 3 BUKOPHUCTAHHSM BKJIaJleHb BERT

[IeprieKcuBHICTHOIIHIOE, HACKIIBKH JI00pe po3I10/1iJ HMOBIpHOCTEIl, 1mepeida-

YeHU MOJIJITIO, BIJIIOBIIa€ (PaKTUIHOMY PO3IOJILITY JIAHIX

BLEU OOYMCJIIOE OI[IHKKM TOYHOCTI N-I'paM IOIIOHOCTI MixK 3TeHepo-

BaHUM 1 €TaJOHHUM TEKCTOM

ROUGE O0YHCITIOE NIEPETUH N-TPaM MiK 3reéHePOBAHUM 1 €TaJOHHIM

TEKCTOM

KOHATHU TaKl KPOKMH:

1. BukopuctaTn TOHKO HaJIaIllITOBAHY MOJE/b JIJI reHepallil HOBUX TEKCTIB.

2. Basayuurn Jsojeii (ekcrepTiB y BiAmoBiaHiil obmacti abo 3BUUAHUX KO-

puCTyBadiB) JJist OIIHKH sIKOCT] 3T€HEPOBAHUX TEKCTIB.

3. Pozpobutn cucremy OliHIOBaHHS, sIKa BPAXOBYE TaKi acleKTH, K I'paMa-

THKa, 3B’ S3HICTH, PEJIEBAHTHICTD, CTUJIb 1 3arajbHa sKiCTb.

4. 3ibparu BiAIYKH Ta OMIHKM BiJ KIJIBKOX JIIOJEH Ta ycepeaHuTH pe3yJibTa-

TH, 100 OTPUMAaTH 3arajbHy OIIHKY e(PeKTUBHOCTI MOJIEJI.

BucnoBku 10 2 po3aiiry

1. HaBuanug 3 yunresgeM € OJHUM 3 OCHOBHUX ITIXOJIB, AKWIl mepeadadae
HaBYAHHS MOJIEJI Ha PO3MIYEHUX MMapax ‘3aluT-Biamnosias . s mporo Bu-
KOPUCTOBYIOTHCsT apXiTEKTYPU HA OCHOBI PEKYPEHTHUX HEHPOHHUX MepPerk
(manpukian, Seq2Seq 3 LSTM) ta Tpancdopmepis (nampukian, GPT).
Lli moesti 31aTHI TeHEpyBaTH KOHTEKCTHO-PEJIEBAHTHI BIJIIOBII, aJje Io-

TPeOYIOTH BEJIMKUX O00CATIB SIKICHIX PO3MIYEHUX JTaHUX.

2. Hapuanns 3 migkpilIeHHSIM JI03BOJIsIE MOJIEJI HaBYaTUCS dYepe3 B3a-
EMOJIII0 3 CepeJIoBUINEM (KOPHUCTYBadeM) Ta OTPUMAHHSI 3BOPOTHOIO

3B'93KY y BUIVIsEAI BuHaropon. Lleit miaxia peasiisyeTbcsi 3a JIOIOMOIOO
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rerepaTuBHO-3Maranbinx Mepek (GAN) Ta iTeparuBHOrO mporecy Ha-

BUYaHHS 3 IMIKPIIJIEHHSIM Ha OCHOBI 3BOPOTHOI'O 3B’SI3KY BiJI KOPUCTYBaUa,

(RLHF).

TpanchepHe HaBUAHHS OJISITAE Y BUKOPUCTAHHI 3HAHB, OTPUMAHUX MO-
JIeJUIIO TIPU BUPIMIEHHI OJHIET 3a/a4i, /g HOKpaleHHs 11 epeKTUBHOCTI
Ipu BUpIMIEeHHi 1HIIOT, cXoxKol 3ajadi. Hafinommpenimmm 1migxomoM €
TOHKe HasamTyBanHs ((QaifHTIOHIHT) MOomepeHb0 HABYEHOI MOJET Ha
crerudigHOMY HA0OPI JAHUX JIJIsi aJlallTallil O KOHKPETHOI IpeJIMeTHOT

obJ1acTi.

st oninky edeKTUBHOCTI HaBYaHHSI 4aT-00TiB BUKOPHCTOBYIOTHCS SIK
apromaruani merpuku (BERTScore, nepiiekcusnicrs, BLEU, ROUGE),
TaK 1 METOJU JIIOJACHKOI OIIHKM, 9Ki JO3BOJISIOTL BpaxyBaTH peJieBaH-

THICTb, 3B’SI3HICTb Ta IMPUPOJIHICTD 3reHEPOBAHUX BiJIOBIIEH.
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PO3JILIT 3
EKCIIEPUMEHTU

3.1. CrtBopeHHd HAOOPIB AAHMWX AJIsI HABYAHHS 9aT-O0TIB

st mpoBeJieHHsl eKCIIEPUMEHTIB 3 HaB4YaHHA d4aT-00TiB OyJI0 CTBOpe-
HO JiBa HaOOPHW JIaHUX, IO MICTATH TEKCTH HAyKOBUX ITyOJIKaIiil 3 raJysi
iHpOpMAIIHIX TEeXHOJIOTII.

Habip nanux i3 myouikamiit “CEUR Workshop Proceedings” — 1ie BuianHsi,
sike TyOJIiKye MaTepiain HayKOBUX KOH(EpeHIliil Ta ceMiHapiB, 110 OXOILJIIOI0TH
MMUPOKUIT CITEKTP JIOCTIIZKEHD Y TaTy3i KOMIT IOTepHIX HayK Ta iHkeHepii. J[ms

dopMmyBaHHS HAOOPY JaHUX OY/I0 BUKOHAHO HACTYIIHI KPOKU:

e 3aBaHTaXKeHHs caiiTy https://ceur-ws.org/ 3a JONOMOTOIO YTHUJITH

wget,

e BII0OYBaHHA TekcTiB i3 68791 PDF aiinis, mo BiamnosigaoTb ToOMaM
1-3583 3a 1995-2024 poku;

® CTBOPEHHS €JMHOI'0 TEKCTOBOIO (ailjly ceur-ws.txt posmipom 1917 M6
(2009797694 Gaiir).

Bigmocunit posmoaiy mybOsikaliii 3a MoBaMU cTaTeil 3TigHO Scopus:
anriiiceka — 94.807%, pociiicbka — 1.368%, nimenpka — 1.101%, icnancbka —
0.772%, nopryraascka — 0.691%, Typenpka — 0.596%, dpanmyscoka — 0.340%,
ykpainceka — 0.160%, iramiiicbka — 0.131%, gecbka — 0.015%, inmi MoBu pa-
som — 0.019%.

Habip panux i3 mybuikariit »xypHasty “Iadopmariiiini Texnosorii Ta 3a-
cobn HaB4YaHHS — Ile BUJAHHS, dKe IyOJIKY€e CTAaTTi 3 TEOPETUIHUX Ta IPHU-
KJIQJHUX ACIEeKTiB BUKOPHUCTaHHA 1HMOPMAIIiHO-KOMYHIKAIITHIX TEeXHOJIOri

B ocBiTi. [Iponerypa cTBOpenns Mboro HaAOOPY BKJIOUATIA:

e 3aBaHTayKeHH cafiTy »Kypruaiay https://journal.iitta.gov.ua/

index.php/itlt yTuiitoro wget;

e BII0OYBaHHA TeKcTiB i3 1732 PDF daiisiis, mo BijmnoBijjaloTb ToMaM 1-

100 xypnagy 3a 2006-2024 poxu;

e (opmyBanHgd TeKcTOBOro (aity journal.txt ob'emom 107 MO0
(112245281 6aiir).
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Crernudikoio 1poro HabOPy € ByzK4a IIpeJIMeTHa Cleliaji3alis TeKCTiB,
110 30CEPEKYIOTHCS Ha TUTaHHAX 1N POBOI TpaHcdopMallil 0cBITH, pO3POOKN
Ta BUKOPUCTAHHS €JIEKTPOHHUX OCBITHIX pECYPCIB, TEXHOJIONIAX JIMCTAHIIITHOTO
Ta 3MIIIaHOTO HABYAHHSI TOIIO.

OpienToBannii BiIHOCHII PO3IIOIL IIyOIiKalliil 38 MOBAMU cTaTeil 3riIHO
Web of Science: ykpaincbka — 52.54%, pociiicbka — 26.73%, anriiiicbka —
20.73%.

Cdopmosani HabOpU JAaHUX BiAPI3HSIOTHCS 3a 00CATOM, YACOBUM OXO-
IJICHHSIM, TeMaTUIHOIO CIIPSIMOBAHICTIO TEKCTIB Ta PO3MO/ILJIOM MOB HaIllMCaHHA
TEKCTIB, III0 JI03BOJISIE BUKOPUCTOBYBATHU 1X JJjIsI TIOPIBHSIJILHOIO aHaJ i3y ede-

KTHUBHOCTI MoJieJieil 4aT-00TiB, HAaBYEHNX Ha PI3HOPIHUX TEKCTOBUX KOPITyCax.

3.2. Bubip mogeseit ajis1 JoOHABYAHHS

Ypaxoytoun mnomupenicts mojeseit cimeiicrea GPT (Generative Pre-
trained Transformer), Oysin BUBYeHI MOXKJIMBOCTI JIOCTYILY $IK JIO 1X CyYaCHUX
sepciit (GPT 3.5, 4.0), Tax it 5o anprepuarusaux mMojeseit (Gemini 1.0, Claude
3):

e OpenAl masae nporpamunii Ta Biyasbhuii [64] inrepdeiic st onapqa-
HHsT Mojiesteit gpt-3.5-turbo-0125, gpt-3.5-turbo-1106, gpt-3.5-turbo-0613,
babbage-002, davinci-002 Ta gpt-4-0613. zKogHa 3 nux mojeseit He € 6e3-
OILIATHOIO I JIOHAaBYaHHA — Haiijemenina babbage-002 nmorpebye oria-
i 0.40% 3a 1 MuIH. JIeKceM, y TOi 4ac sIK JIOCKOHAJIINT MOJeJIl JI0poXKYi
y 20 Ta Oinbire pasiB. Kpim omiati 3a JoHABUYaHHSI, € OILIATa 38 BUKO-
pUCTaHHS — TaK, BApPTICTh BXIJIHUX Ta BUXIJIHUX ITOBIJIOMJIEHD JIJIsT MOJIEJI

davinci-002 ckiasae 12.00$ 3a 1 muH. j1ekceMm.

e Google Takoxk Hajae nporpamuuii Ta Biyasbhuii 35| inrepdeiic st
JIOHABYaHHSI Mojeseit gemini-1.0-pro, gemini-1.5-pro, gemini-1.5-flash,

gemini-1.0-pro, ajne ocranniii B Ykpalui HegocTynHuit [36].

e Anthropic cranom nHa 1 kBaprtas 2024 poky He HaJla€ MOMKJIUBOCTI J0-

HaBuaHHst Mogesieit cimeiicta Claude (kpim BigibpaHUX TpyIl eKCrepTis)

131].

YpaxoByl0Ul HEIPOTHO30BAHICTh OIOJIXKETY Ha JOHaBYaHHS Ta BUKOPU-

CTaHHSI JIOHABYEHUX MojieJieii, 3aMicTh cydacHuxX Bepciit GPT 0Oyna obpana
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icropuana mojiesib GPT-2 [47], naBuena Ha BHYTPIIIHBOMY HAOODI JaHux (ipmu
OpenAl — WebText (40 I'6). JoriibHicTh BUKOPUCTAHHS THET MOJIE/I SIK OCHOBH
/It 9aT-60Ty mokazana y pobori [61].

Hugging Face najae joctyn j1o Bcix 06azoBux Bepciit mojyesni GPT-2 3a
nocusanugM https://huggingface.co/openai-community: GPT2, GPT2-
Medium, GPT2-Large ta GPT2-XL, HaBueHux Ha aHIJIOMOBHUX TEKCTaxX. ¥ pa-
XOBYIOUN cyMipHicTh Habopy gannx i3 myoJikariit “CEUR Workshop Proceedi-
ngs’ (2 I'6) ta mabopy mamux WebText (40 ['6), a Takoxk mnepeBazKHy MOBY
(aHDTificbKY), JUisi JoHABYaHHS JoiabHIM OyB Bubip momemi GPT2-XL.

Hugging Face wmicturs Besuky (6iibine 11 Tucsia) KibKicTh JOHABYE-
aux wmojeneii GPT-2 (https://huggingface.co/models?sort=trending&
search=gpt2), cepej sikux Mmenre 10 Oyin JoHaBYEHI Ha YKPATHOMOBHIX TEKC-
Tax (Tabu. 3.1).

YpaxoByioun MaJuii obcdar nabopy JgaHuX 13 MmyOJiKaliil KypHaJy
“Indopmarriiini TexHosoril Ta 3acodU HaBYaHHS Ta IIepPeBarKaHHsSI y HBOMY
YKPaTHCHKOI MOBH, JOILJILHUM € BHOID JIJIs JIOHABYAHHS Ha HbOMY MOJIEI, sIKa
B2Ke OyJia JloHaBUYeHa Ha YKpalHOMOBHOMY Habopi TekctiB. Cepej mpejicrasiie-
Hux y Tabi. 3.1 Mogjesteii jijist joHaBYanHst Oysia obpana malteos/gpt2-uk yepes
i1 Hepesukuit po3mip (124M napamerpis) Ta HecrerudiuHicTh HAOOPIB JaHUX
OSCAR 1a Wikimedia rnopiBHsino 3 HabopaMu, BUKOPUCTAHUMU JIJIsI JOHABYA-

HHSI IHININX MOoJiesieil — XyI0:KHIX TeKCTiB, HoBuH, TBOPiB a1 3HO.

3.3. llpormec qonaBdyanHs Mo/eJji yaT-0oTy Ha 6a31 GPT2-
uk

st monaBuanHst Mojiesii gaT-60Ty Ha 0a3i GPT2-uk nHa ykpainomMmoBHOMY
TekcToBOMY Kopiryci y cepeyosuiili Google Colab 0yB peaJiizoBanmii HacTyIHIIT

KoJ1 Ha MoBi Python 3 Bukopucranusim 6i0sioTekn transformers:

from transformers import TextDataset
from transformers import DataCollatorForLanguageModeling
from transformers import GPT2Tokenizer, GPT2LMHeadModel

from transformers import Trainer, TrainingArguments

CrouaTky IMIOPTYIOThCS HeoOXiIHI Kytacw 3 6i0ioTekn transformers
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Tabmumsa 3.1

Yxpainomosai mogeni GPT-2 na Hugging Face (cranom ma 11.06.2024).

Ha3zBa Bepcia Habip nanux
Tereveni-Al/gpt2- GPT2 |Model was trained on corpus of 4040 fi-
124M-uk-fiction ction books, 2.77 GiB in total
kyrylOs/gpt2-uk-xxs GPT2 |GPT2 being trained on Ukrainian news.
benjamin/gpt2-large- |GPT2-Large|gpt2-large transferred to Ukrainian usi-
wechsel-ukrainian ng the method from the NAACL2022

paper WECHSEL: Effective initiali-
zation of subword embeddings for
cross-lingual transfer of monolingual
language models.
kyrylOs/gpt2-uk-zno- GPT2? |GPT?2 trained to generate 3HO (Ukrai-
edition nian exam SAT type of thing) essays
malteos/gpt2-uk GPT2 |A generative language model for the
Ukrainian language follows the GPT-2
architecture (124M parameters). Trai-
ning data: OSCAR, Wikimedia dumps
nvidia/GPT-2B-001 GPT2-XL |The model was trained on 1.1T tokens
obtained from publicly available data
sources. The dataset comprises 53
languages and code.

JJIsT POOOTH 3 TEKCTOBUMU JIAHUMHU, PO3OUBAdIEM Ha JIeKCeME (TOKEeHI3aTOpoM )

Ta mojiesio GPT2, a Takox Jiisl HAJIAIITYBAHHS [IPOIECY HaBYAHHS.

Hani Oynn BU3HAYEH] JOMOMIXKHI (DYHKITIT:

def load_dataset(file_path, tokenizer, block_size = 128):
dataset = TextDataset(

tokenizer =
file_path =

tokenizer,
file_path,

block_size = block_size,

)

return dataset
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def load_data_collator(tokenizer, mlm = False):
data_collator = DataCollatorForLanguageModeling(
tokenizer=tokenizer,
mlm=mlm,

)

return data_collator

Oynkilisgs load_dataset 3aBanTakye TEKCTOBUI HAOIP JaHUX, BUKOHY-
104N Oro TOKEeHI3aIio i3 3aJlaHuM po3MmipoMm 010Ky block_size. DynkIlis
load_data_collator cTBopioe 00’€KT, IO MiJINOTY€E MAKEeTH JIaHUX JIjIsT HaBYa-
HHsT MOJIE (3 MOYKJIMBICTIO MaCKOBAHOTO MOJIC/TIOBAHHST MOBH ).

OcHoBHa (byHKIIIsl train BUKOHY€E 0Oe3110cepe/IHE JOHaBYaHHsT MOJIEI:

def train(train_file_path,model_name,
output_dir,
overwrite_output_dir,
per_device_train_batch_size,
num_train_epochs,
save_steps, resume_from_checkpoint):
tokenizer = GPT2Tokenizer.from_pretrained(model_name)
train_dataset = load_dataset(train_file_path, tokenizer)

data_collator = load_data_collator(tokenizer)

tokenizer.save_pretrained(output_dir)

model = GPT2LMHeadModel.from_pretrained(model_name)

model.save_pretrained(output_dir)

training_args = TrainingArguments (
output_dir=output_dir,
overwrite_output_dir=overwrite_output_dir,

per_device_train_batch_size=per_device_train_batch_size,

num_train_epochs=num_train_epochs,

37



trainer = Trainer(
model=model,
args=training_args,
data_collator=data_collator,

train_dataset=train_dataset,

trainer.train(resume_from_checkpoint=resume_from_checkpoint)

trainer.save_model ()

st GpyHKIIST BUKOHYE HACTYIIHI KPOKHU:

1. 3aBaHTaxKeHHs Ta 30eperKeHHsI TOKeHI3aTopa 1 MOJeJIi, iHilniaai30BaHol 3

BKa3aHol Toukl model_name.
2. IligroroBka HabOpy JaHWX /I HaBUYaHHS Ta 00'€kTy data_collator.

3. Busnadenns mapamMeTpiB HaBUaHHS training_args: xarajory s 30e-

peXKeHHsI MOJIeJl, PO3MIP HaKeTy, KIJIbKICTh 1Tepalliii.

4. CropenHst 00’eKTy trainer 3 MoJe/LIIO, TapaMeTpaMi HaBYaHHS Ta Ha-

BYaJIbHUMUN JaHNUMMN.

5. 3allycK HaBYaHHA MOJE/1 MeTo/IoM train () 3 MOYKJIMBICTIO TPOOBYKEHHSI

3 KOHTPOJIbHOI TOYKH.
6. 30eperkeHHs JJOHABUYEHOI MOJIEJII.

HapaMeTpH JOHaBYaHHA 3a/Jal0TbCd HAaCTYIIHUMHA 3SMIHHUMM:

#opuriHasbHa MOJZEJb Ta TOYKU 30epexeHHd

train_directory =
"/content/drive/MyDrive/SemerikovProject/q_and_a"

train_file_path =
"/content/drive/MyDrive/SemerikovProject/journal.txt"

model _name = train_directory

#IoHaBYEeHa MOJeJNb Ta TO4YKM 3b6epeXeHHd
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output_dir =
"/content/drive/MyDrive/SemerikovProject/custom_full_text"

overwrite_output_dir = False

per_device_train_batch_size = 8

num_train_epochs = 50

save_steps = 50000

Sminna train_file_path Bkasye muisix j0 TeKCTOBOro dailiy 3 KOp-
IIyCcoM JIJIs JloHaB4YaHHs, model_name — KaTaJior i3 daiijlaMmu 1mov4aTKoBOl MO-
nei (abo KOHTPOJIBHOIO TOYKOIO MPOJIOBKEHHs JOHaBYaHHs), output_dir —
BUXIJIHUI KaTaJjor Jijisd 30eperKeHHs JJoHaBUYeHNX (aiijiiB Moje/i Ta KOHTPOJIb-
HIX TOYOK.

[TouaTrkoBa Mojienb malteos/gpt2-uk 3aBaHTAXKYETHCS 3a JOIMOMOTOIO

MeToiB 6i01ioTekn transformers 3 xaby Hugging Face:

from transformers import AutoTokenizer, AutoModelForCausalLM

tokenizer = AutoTokenizer.from_pretrained("malteos/gpt2-uk")
model = AutoModelForCausallM.from_pretrained("malteos/gpt2-uk")
tokenizer.save_pretrained(train_directory)

model.save_pretrained(train_directory)

3aBanTaxkeni daim Mozeni 36epiraloTbed Yy BKazaHy JUPEKTOPIIO
train_directory.
3allycK mporiecy JOHaBYaHHSI BUKOHYETbCS BUKJINKOM (DYHKIIT train i3

BKa3aHNMMU IIapaME€TpaMM:

train(train_file_path=train_file_path,
model_name=model_name,
output_dir=output_dir,
overwrite_output_dir=overwrite_output_dir,
per_device_train_batch_size=per_device_train_batch_size,
num_train_epochs=num_train_epochs,
save_steps=save_steps,
# False nma mepmoro pasy,
# True - pOna B1NHOBJIEHHA 3 TOYKM 3YINHKU

resume_from_checkpoint=False)
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TpuBajicrb HaBYAHHS MOXKEe OYTH 3MeHIIeHa IILJISXOM BUKOPHCTAHHS
GPU na BigmisienoMy cepBepi abo JiokasibHOMY KoMmil'torepi. OcTtanHe oTpedy-
BaJI0 BcTaHOB/IeHHs Habopy apaiiBepis CUDA 12.5 g miaTpuMKy BigeokapTn
GeForce RTX 3080 (10 Gb) Ta creniastizoBanoi Bepcii PyTorch, a rakoxke omos-
JlenHs1 6i0J1ioTek accelerate Ta transformers.

st hiHATBHOIO €KCIIEPUMEHTY 3araIbHII Yac HaBYaHHs CKJIaB 37 DOIIH
(cepetHst TpUBAJICTD OJHIET iTepariii HaBYAHHST — 43 XBUJIMHN).

st TecTyBaHHs JIOHABYEHOI Ha HaOOpPI JAaHUX MOJesi OyJIo CTBOPEHO

inTepdeiic KOpUCTyBada 3 BUKOpUCTaHHSIM 0ibioTekn gradio (puc. 3.1):

from transformers import pipeline

import gradio as gr

model = pipeline("text-generation",

model="/content/drive/MyDrive/SemerikovProject/lastversion")

def predict(prompt):
completion = model (prompt, max_length=50) [0] ["generated_text"]
prompt

PaweBcbka

Clear Submit

output
PaweBcbKa, C.0. Cemepikos, FO.B. Tpuyc, A.M. CTprok Ta iH.

MMTaHHA OLiIHIOBAHHSA Pe3ynbTaTiB HaB4YaHHS 3 BUKOPUCTAHHAM XMapHUX CepBICiB
BUCBITNEHI

Puc. 3.1. Inrepdeiic npororuny uar-6oty mis moaenai GPT-2, nonaBuenol Ha

Habopi 13 myobJtikariii xkKypraJsy “IHdopmaliiitai TexHoJI0TiT Ta 3ac001 HaBYaHHS .

40



return completion

gr.Interface(fn=predict, inputs="text", outputs="text").launch()

Bucnosku mo 3 posmiiny

1. ChopmoBano jBa HabOpu JaHUX JJIsI HaBYaHHS daT-O00TiB: HaAOIp
i3 my6uaikamiit “CEUR  Workshop Proceedings” (mmupokwuii  criekTp
JOCJTJIZKeHD y TasTy3i KOMIT IOTepHIX HAYK aHIVIHCbKOI MOBOIO) Ta Habip
13 myOsikamiii »Kyprasy “Indopmariiitni TexHosiorii Ta 3acobu HaBYa-
HHst”  (IIPeJIMETHO-OPIEHTOBAHKI KOPIIYC MEPEBAXKHO YKPAIHCHKOIO MO-
Bo10). CTBOpeHi HAbOpH JaHUX BIJIPI3HSIIOTHCSA 3a 00CSTOM, YaCOBUM OXO-
IJICHHSM, TeMAaTHIHOIO CIIPSIMOBAHICTIO Ta PO3MOJIJIOM MOB HaIUCAHHS
TEKCTIB, IO 3a0e31euye YMOBH JI/Is MOPIBHAILHOTO aHaIi3y e(peKTUBHOCTI

MoJiesieit 1aT-60TiB, HABUYEHUX Ha PI3SHOPIHUX TEKCTOBUX KOPITYCAX.

2. O6rpynrToBaHo BuOIp Mojeseil Jjisi joHaBUYaHHS: 0a30BOI 6AraToOMOBHOI
mojei GPT2-XL st mepiioro Habopy J@HUX Ta IONEPEeIHBO JI0HABYe-
HOI Ha YKPalHOMOBHHUX TeKcTax Mojed gpt2-uk majs japyroro. Bubip mo-
JeJieii 6a3yBaBcsd Ha CIIBCTaBJIEHHI XapaKTEPUCTHK HADOPIB TEKCTOBUX
naHnx (06esTy, MOBHOTO CKJIaJLy) Ta JOCTYIHUX Mojeseil cimeiicrBa GPT

3 ypaxyBaHHAM IX PO3MIPY Ta IMOIEPEIHbOIO JIOCBlY HABYaHHS.

3. PeaniizoBano mporec oHaBuaHHS o0OpaHux Mojeseil Ha cdopMoBa-
HUX TEKCTOBUX KOPIIyCax 3 BUKOPUCTAHHAM MOXK/JIMBOCTEl OibsioTeKn
transformers Bij Hugging Face. Po3pobiienuii nporpamuuii Koji 103B0-
JIsie BUKOHYBaTH 3aBaHTayKeHHs TTONEePeTHBO HaBUYEHNX Mojiesell, X JoHna-
BUAHHS HA TEKCTOBUX JIAHUX, 1110 HAJIAIOTHCS KOPUCTYBAIeM, Ta 30eperke-

HHA JOHABYCHUX MOﬂeﬂef/’I JJI IIOJa/IbITIOIO BUKOPUCTAHHI.

4. TlporecToBano pobOTY JoHABUEHUX MOJesell Jijid reHeparil BiIIoBieit
4aT-00Ty Ha TeMaTWIHO CIIOPiJIHEHI 3auTH KopucryBada. /s 3pyaHocTi
B3a€MO/Iil KOpUCcTyBada 3 4aT-60ToM po3podJieHo rpadiunnii inrepdeiic 3

BUKOpHCTaHHSIM 6ibsioTekn gradio.
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BUCHOBKU

1. Bibmiomerpuunuit anasiz 549 jarkepest i3 6a3u Scopus 3 IpodIeMr HaBYa-

HHS 9aT-00TIB HAJAB MOYKJINBICTD:

a) BUSIBUTU HUKHIO XPOHOJIOr uHy Mexky (2018 pik), modnHaoan 3 Kol
CIIOCTEPIra€ThCs CTiiiKe 3pocTaHHs KiJILKOCTI IyOJriKalliil i3 HaBUYaH-

HsI 9aT-00TiB;

6) srpymnyBaTi y 4 KjacTepu aBTOPCHKI Ta IHJEKCHI KJIIOYOBI CJI0BA
JKepesT 13 HaBYaHHs 4aT-60TiB: 1) ONpAIfOBAHHS MPUPOIHOI MO-
BI; 2) 3aCTOCYBaHHs TEXHOJIONIH OMPAIFOBAHHS MPUPOIHOT MOBU Y
CYCILIBCTBI; 3) 3aCTOCYBaHHSI MAITMHHOTO HABYAHHS [T ONPAIIO-

BaHHsI IPUPOJIHOT MOBH; 4) dar-60TH y HaBY9aHHI Ta cdepi mocayr.

2. Busnadeno ocHOBHI Mojiesli HaBYaHHS 4aT-O0TIB: HABYAHHS 3 yUIUTETIEM
Ha OCHOBI PEKYPEHTHUX HEHPOHHUX MeperK Ta TpaHchOopMepiB; HaBYAHHS
3 HJIKPIIJIEHHSAM, BKJIIOYAI0OYN BUKOPUCTAHHS NeHepaTUBHO-3MaraIbHIX
Meperk; TpaHchepHe HaBYaHHS IIJISXOM TOHKOTO HaJIAINTyBaHHSA I10-
nepeiHb0 HaBUEHNX BEJIMKNX MOBHUX Mojeseil. /[ orminkn edpeKTus-
HOCTI HABYAHHA 4aT-O0TIB BUKOPUCTOBYIOTHCS AK ABTOMATUYIHI METPUKN
(BERTScore, neprutekcusnicts, BLEU, ROUGE), Tax i MmeTon Jiro1cbKol
OIIHKH, $IK1 JIO3BOJISIOTH BpaxyBaTH PeJI€BAHTHICTH, 3B’SI3HICTH Ta IPHU-

POJIHICTDH 3reHepOBaHUX BlJIIOBIIEH.

3. CdopmoBano jBa HaOOpU JaHUX JJIsi HaBYaHHS 4aT-O0TiB: HaAOIp i3
nyonikaniit “CEUR Workshop Proceedings” Ta wabip i3 myOJiikariiii »Kyp-
HaJsty “Indopmariitai Texrosorii Ta 3acobu HaBuanhs . OOrpyHTOBAHO
Bubip 6azoux mojesneit GPT2-XL ta gpt2-uk jis jonaBuanHist Ha CTBO-
PEHNX TEKCTOBUX KOpIrycaxX. PeasizoBaHo mporiec JoHABUYAHHA OOpPAHWIX
MoJtesieft Ha ccpopMOBaHIX TEKCTOBUX KOPITyCax Ta MPOTECTOBAHO POOOTY
JIOHABUEHUX MOjeJseil JJjisi reHepallil BijimmoBigeil 4aT-00Ty Ha TeMaTUIHO
CIIOpI/THEH] 3alUTH KOpUCTyBada. [y 3pydHOCT] B3aeMOJIil po3pod./ieHo

rpadiunnii inTepdeiic KopucTyBada Ha OCHOBI OibsioTeku gradio.

Orpumani pe3ysibTaTu MOYXKYTb OyTH BHUKOPUCTAHI JIIsT IOJAJIbITNX
JIOCJTIJIZKEHD Y HAITPSIMKY CTBOPEHHS e(DEKTUBHUX Ta CIIelia/i30BaHuX JaT-00TiB

13 3aCTOCYBAHHAM Cy4daCHUX I11JIX0/I1B /IO HAaBYaHHS BEJIMKNX MOBHUX MO/IeJIeil.
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JlomaToxk A
PesyabraTtin 3acTocyBanHs reHepaTUBHIX

4aTOO0TIB JIJid BU3HAUEHHH IMEH KJIacTepiB

Banur OyB cTBOpeHmit anrjiiicbkoro Moo 30.11.2023. YV 3amuti
MICTHJINCH BIJOMOCTI IIPO KIJIBKICTH KJAacTepiB Ta KJIIOYOBI C€JIOBa, IO
BIJTHOCHMJINCH JI0 KOYKHOTO KJacTepy. Bim yaTboTy ovikyBaanuch MPOMO3UIIT 111010
IMEH Ta 3MICTy KJIacTepiB. 3aluT MaB HACTYIHUN BUTJIA:

“There are 4 clusters of keywords related to chatbot training research:

Cluster 1: classification (of information), training data, speech processi-
ng, performance, semantics, dialogue systems, natural language understanding,
computational linguistics, text processing, long short-term memory, state of
the art, language model, question answering, information retrieval, embeddi-
ngs, reinforcement learning, response generation

Cluster 2: artificial intelligence, conversational agent, human, adult, trai-
ning, male, medical education, female, controlled study, health care, mental
health, chatgpt, education, covid-19, review, large language model

Cluster 3: natural language processing, natural language processing
systems, machine learning, deep learning, natural languages, language processi-
ng, learning algorithms, virtual assistant, user interfaces, convolutional neural
network, query processing, diagnosis

Cluster 4: chatbot, learning systems, students, e-learning, learn+, sales,
human computer interaction, knowledge based systems, personnel training,

curricula, customer service, engineering education

Please suggest cluster names and brief descriptions for each of the 4

clusters based on the keywords.”

ChatGPT (GPT 3.5)

1. Advanced Language Processing and Al Applications: This cluster focuses
on advanced language processing techniques and various Al applications
related to text and speech. It encompasses topics like natural language

understanding, computational linguistics, information retrieval, dialogue

29



systems, and the utilization of cutting-edge technologies such as long
short-term memory (LSTM), embeddings, and reinforcement learning in

language models and question answering systems.

2. Al wn Healthcare and Social Context: This cluster centers around the
applications of artificial intelligence in healthcare, mental health, and
education with a focus on human interaction. It explores the use of
conversational agents, particularly in medical education, mental health
care, and addressing issues like COVID-19. Additionally, it touches on
the gender aspect in Al studies by mentioning controlled studies with

adults and gender variations.

3. Core Technologies in Natural Language Processing and Machine Learni-
ng: This cluster revolves around foundational technologies crucial in
natural language processing and machine learning. It includes topics
such as deep learning, machine learning algorithms, language processing,
neural networks (like convolutional neural networks), query processing,

and the development of virtual assistants and user interfaces.

4. Fducational and Service-oriented Al Applications: This cluster focuses
on Al applications in education, learning systems, and service-oriented
domains. It highlights topics like e-learning, knowledge-based systems,
human-computer interaction, customer service, and sales. It also touches
upon the use of Al in student learning, engineering education, and
personnel training, emphasizing knowledge acquisition and application

in various educational and service-based contexts.

Bing, precise mode (GPT 4.0)

1. Language Processing and Information Retrieval: This cluster focuses on
the technical aspects of natural language understanding and computati-
onal linguistics. It includes topics such as speech processing, semantics,
dialogue systems, text processing, language modeling, question answeri-

ng, and reinforcement learning for response generation.

2. Al in Healthcare and Education: This cluster revolves around the appli-

cation of artificial intelligence, particularly conversational agents like
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ChatGPT, in fields such as medical education, healthcare, and mental

health. It also touches on demographic factors (male, female, adult) and
current issues like COVID-19.

3. Machine Learning and User Interaction: This cluster is centered on
machine learning, deep learning, and natural language processing systems.
It also includes user interfaces and virtual assistants, indicating a focus

on how users interact with these Al systems.

4. Al in Education and Customer Service: This cluster pertains to the use of
AT systems like chatbots in educational settings (e-learning, engineering
education, curricula) and customer service. It also includes topics related

to human-computer interaction and knowledge-based systems.

Bing, balanced mode (GPT 4.0)

1. Natural Language Processing (NLP): This cluster includes topics related
to the processing of human language by computers. It covers a wide range
of subfields such as computational linguistics, text processing, informati-
on retrieval, and question answering. The cluster also includes techniques

such as embeddings, long short-term memory, and reinforcement learni-

ng.:

2. Artificial Intelligence (AI): This cluster includes topics related to the
development of intelligent agents that can perform tasks that typically
require human intelligence. It covers a wide range of subfields such as
conversational agents, large language models, and chatbots. The cluster

also includes topics related to health care, education, and COVID-19.:

3. Machine Learning (ML): This cluster includes topics related to the
development of algorithms that can learn from data and make predicti-
ons or decisions. It covers a wide range of subfields such as deep learning,
learning algorithms, and convolutional neural networks. The cluster also

includes topics related to virtual assistants, user interfaces, and diagnosis.:

4. Learning Systems (LS): This cluster includes topics related to the

development of systems that can learn from data and improve over time.
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It covers a wide range of subfields such as e-learning, personnel training,
and customer service. The cluster also includes topics related to sales,

human-computer interaction, and engineering education.:

Bing, creative mode (GPT 4.0)

1. Natural Language Understanding and Generation: This cluster contai-
ns keywords related to the tasks and methods of natural language
understanding and generation, such as classification, dialogue systems,
question answering, and response generation. It also includes keywords
that indicate the performance and state of the art of these tasks, such
as semantics, long short-term memory, embeddings, and reinforcement

learning.

2. Artificial Intelligence and Health Care: This cluster contains keywords
related to the applications and implications of artificial intelligence in
health care, such as conversational agent, medical education, mental
health, and covid-19. It also includes keywords that indicate the
characteristics and challenges of these applications, such as human, adult,

male, female, controlled study, review, and large language model.

3. Natural Language Processing and Machine Learning: This cluster contai-
ns keywords related to the general concepts and techniques of natural
language processing and machine learning, such as natural language
processing systems, machine learning, deep learning, learning algorithms,
and convolutional neural network. It also includes keywords that indicate
the interfaces and domains of these techniques, such as virtual assistant,

user interfaces, query processing, and diagnosis.

4. Chatbot and Education: This cluster contains keywords related to the
design and evaluation of chatbot systems for education, such as chatbot,
learning systems, students, e-learning, learn+, and curricula. It also
includes keywords that indicate the contexts and outcomes of these
systems, such as sales, human computer interaction, knowledge based

systems, personnel training, customer service, and engineering education.
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Claude 2

1. Natural Language Processing Applications: This cluster focuses on various
NLP applications like classification, speech processing, dialogue systems,
question answering, etc. Central themes include semantics, computational
linguistics, LSTMs, performance, and building practical natural language

systems.

2. Conversational Al and Impacts: This cluster deals with conversational
Al its use in healthcare/education, and analyzing its impacts. Key
themes look at chatbots/assistants, how they interact with and impact

humans, with analysis around ethics, proper training, and responsible Al.

3. Core Al and ML Techniques: This cluster covers fundamental Al and
ML techniques like natural language processing, machine learning, deep
learning, algorithms, etc. It focuses on the key technical methods and

capabilities that power many Al systems.

4. Al for Training and Customer Service: The fourth cluster deals with
leveraging Al for use cases like education/training and customer service.
Central ideas look at e-learning, knowledge systems, training curriculums,
human-computer interaction, and providing automation for repetitive

customer service queries.

Google Bard

1. Technical NLP: This cluster focuses on the technical aspects of natural
language processing (NLP), including classification, training data, speech

processing, semantics, dialogue systems, and language models.

2. Applications of NLP: This cluster focuses on the applications of NLP in
various domains, including conversational agents, healthcare, education,

and customer service.

3. Machine Learning and Deep Learning for NLP: This cluster focuses on

the machine learning and deep learning techniques used in NLP.
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4. Chatbots and Learning Systems: This cluster focuses on the development

and evaluation of chatbots and other learning systems.
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