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Using Neural Networks in Development of Intelligent Chatbots

Abstract: Recently, there has been a strong increase in the volume of publicly available information. A
huge amount of both structured and unstructured data is available to us via the Internet. As a result, there
is a problem of finding and obtaining the information we need. This task of searching and processing
information is further enhanced by the fact that information on the Internet is constantly changing and
updating, it has a high level of dynamics. At every moment of time, new materials and new facts appear.
The volume of information arrays is constantly increasing, as a result of which constant accounting of
information is required, which is often impossible. The presented article deals with one of the current
problems — the development of a prototype of an intelligent chatbot based on the application of artificial
neural network algorithms. The need to consider the topic is due to the fact that such a direction as the
use of chatbots for various areas of a person’s life is gaining popularity. The types of question-and-answer
systems and intelligent chatbots are considered within the scope of the work. The use of a recurrent
neural network for the implementation of an intelligent chatbot is substantiated. A recurrent neural
network learning algorithm has been developed. Selected material for training recurrent neural network.
A neural network was built to implement a chatbot.

Keywords: recurrent neural network, chatbot, question-and-answer system, root mean square errof,
machine learning method, intelligent data analysis.

,/-—_\___._/

3oa Araroaiisaa KogyeBa, KaHAMAAT TEXHIYHIX HAYK, AOIICHT, KapeApa IHTCACKTYaABHIX
KOMITTOTepHHX crcreM, HarionaApHM TexHigHmil yHiBepcuTeT «XapKiBCKHE MOAITEXHITHITH
icraTy™. Xapkis, Ykpaima. ORCID:0000-0002-2200-7794, Scopus 57223796440
Hauiz Bixtopipaa babkoBa, KAHAUAAT TEXHITHIX HAYK, AOIICHT, KapeApa IHTEACKTYaABHEX
KOMITTOTepHHX crucreM, HarionaApHM TexHigHmil yHiBepcuTeT «XapKIBCKHUE MOAITEXHITHITH

incruTy. Xapkis, Ykpaina. ORCID:0000-0002-2200-7794, Scopus 57204916728

Buxopucranaa HEHPOHHUX MepPesK B pO3po0Li iHTEAEKTyaABHUX YaT-00TiB


https://creativecommons.org/licenses/by/4.0/

European Scientific e-Journal, ISSN 2695-0243, No. 28 (2024)

Amomayin: B mocacaHee BpeMs HAOATOAACTCA CHABHBEIH POCT 0OBeMa OOITICAOCTYITHON HHMOPMAIIHH.
OrpoMHOEe KOAHYECTBO KaK CTPYKTYPHPOBAHHBIX, TAK M HECTPYKTYPHPOBAHHEIX AAHHBIX AOCTYITHO HAaM
¢ momompio ceru MurepHer. BeaeactBHe TOrO CcymmectByer mIpoOAeMa IIOMCKA U IIOAYICHHSA
HEOOXOAUMOI HaM HH@oOpMannu. JTa 3aAada IIOHCKA H 00paboTKH HHMOPMAIMH YTO OOABIIIE
YCHANBACTCA TEM, YTO HH(OPMAIIHA B HHTEPHETE HAXOAUTCA B IIOCTOAHHOM H3MECHCHHH H OOHOBACHHT,
OHA MMEET BEICOKUI YPOBEHb AUHAMUKHU. B KOXKABII MOMEHT BPEMEHU IIOABAAIOTCA HOBBIE MATEPUAABIL,
HoBble (pakTel. OObeM MH(OPMAIIMOHHBIX MACCHUBOB IIOCTOAHHO YBEAHYHBAETCH, BCACACTBHE ITOIO
TpeOyercs IOCTOAHHEINA ydueT MH(MOPMAIIHH, YTO 3a9aCTYIO HEBO3MOKHO. B IpeacraBAeHIil crarTi
PO3IAAAAETBCA OAHA 3 AKIYAABHHX IIPOOAECM — PO3pOOKa IPOTOTUIY IHTEACKTYAABHOIO YaT-OOTY
3aCHOBAHOIO Ha 3aCTOCYBAHHI AATOPHTMIB IITyYHUX HEHPOHHHUX Mepex. HeoOXIAHICTD po3rAfAy Temu
3YMOBAEHA THM, ITIO 3apa3 HaOYBA€ IIOIYAAPHOCT] TAKNI HAIIPAM AK BUKOPHCTAHHA 4aT-O0TIB AAA PI3HHX
HAIIPAMIB JKUTTA Ta AIOAHHH. B Memax poOOTH POSIASHYTO THIIM ITHTAABHO-BIAIIOBIAHHX CHCTEM Ta
iHTEeACKTyaABHHUX 4aT-00TiB. OOIPYHTOBAHO BHKOPHCTAHHA PEKYPEHTHOI HEHPOHHOI Mepeki AAfA
peaaisamii IHTEAEKTyaABHOIO dar-00Ty. PO3pOOACHO AATOPHTM HABYAHHA PEKYPEHTHOI HEHPOHHOL
Mmepexi. [TiAlopaHo Matepiaa AAf HaBYAHHS PeKypeHTHOI HeHpoHHOI Mepexi. [ToOyaoBaHO HeHpOHHY
MEPEXKY AAS peaAisamii gar-0ory.

Kawuosi  cr0sa:  pexypentTHa — HEHpOHA  Mepeka, 4ar-OOT, IIMTAABHO-BIAIIOBIAHA — CHCTEMA,

CEPCAHBOKBAAPATHUYHA IIOMHUAKA, METOA MAINMHHOTO HABYAHHA, iHTeACKTya/\bHI/Iﬁ AHAAI3 AAHUX.

//'_—_\____,/

Bceryn

OcraHHIM YacOM CIIOCTEPIra€TbCAd CHABHE 3POCTAHHA OO0’€MY 3araAbHOAOCTYITHOL
iadpopmariii. Bearrdesna KiABKICTB IK CTPYKTYPOBAHHX, TaK 1 HECTPYKTYPOBAHUX AAHIX AOCTYITHA
HaM 32 AOIIOMOTOIO Mepexi IHTepHeT. YHACAIAOK IIBOTO ICHYE IIPOOAEMA IIOIIYKY 1 OTPUMAHHSA
HeoOxiAHO! HaMm iHdopwmarii. Ile 3aBramHA mOmyKy i 00poOku imdopmamii Ime Oiabrre
IIOCHAIOETBCA THM, IO iH(OopMmarisa B IHTepHEeTI 3HAXOANTHCA B ITOCTIHHIH 3MiHI 1 OHOBACHHI,
BOHA Ma€ BIUCOKHUI PiBEHb AMHAMIKH. Y KOKEH MOMEHT YACYy 3 ABAAIOTHCA HOBI MaTepiaAH, HOBI
dakra. O0’em 1HPOPMALIHIX MACHBIB ITOCTIHHO 301ABINYETHCA, BHACAIAOK I[BOTO HOTPIOCH
ITOCTIFHIH 0OAIK IH(OpPMALLT, IIT0 9aCTO € HEMOKAUBHIM.

Humni aas kopuctyBada Mepexoro IarepreT AoCTyIIHI crctemMu iHOPMAIIIHOTO ITOIIYKY.
Lli cucremn BHMAraroTe 3amuTy, CPOPMYABOBAHOIO 3 KAIOYOBHX CAIB, fIKI BIAIIOBIAAIOTDH
TeKCTOBIN iH(oOpMarlii, HOTpiOHINA AAf KopucTyBada. HeoOxiAHO BiamiTHTH, IO 9acTo Ii
CHCTEMH HE BPAXOBYIOTb ITOPSAOK CAiB, iX popMH 1 3B'f3KH MK CAMHMHI CAOBAMH, TOOTO
PO3IAfIAAIOTH 3AIIUT, IIPOCTO fAK HEBEAMKHN HAOIp cAlB. TOAl fiIK AIOAMHI OIABII BAACTHBO
dopmyaroBatu 3amuTa y hOpPMI IINTAHHA Ha IPUPOAHIH MOBI. B pe3yapTati poboTH HOIIYyKOBHX
CHCTEM BHAACTBCA BEAHKA KIABKICTH IIOCHAAHB 1 TEKCTOBUX (PpPArMEHTIB B IIOPAAKY
PEAEBAHTHOCTI, TOOTO IOAAABIINI IOIIYK 1H(OpPMAIIi ITOBHHEH BECTH CaM KOPHCTYBAY, IO
MOJKE YTPYAHHTH i CHPpUHHATTA 1 30IABIINTH Yac mormyky. KoAu Mu Xxo4eMo Imoch yIi3HaTH,
MU 32IIATYEMO — CTABUMO IIUTAHHA, 1110, 3aI'AAOM, 1 IIPUPOAHO B IIpOIieci Im3HaHHA. biApmmicTs
CHCTEM IIO IIOIIyKy iHdopMarii, He MarOTh MOYKAMBOCTI BIAITOBIAATH HA HAIM ITHTAHHA. AAfA
IIOIIYKY 1 OTPUMaHHA AIOAHHI TpeOa copMyBaTH 3aINT 3 KAIOYOBHX CAIB 1 3aAaTH HOro

ITOIIYKOBII MAITINHI.
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Mera AaHOT pOOOTH — OrAfIA TIPOOAEM Ta METOAIB PO3POOKU TN TAABHO-BIAIIOBIAHHX CHCTEM
B3araAl Ta IHTEAEGKTYAABHHX 9YaT-OOTIB 30KpeMa. Y Pe3yAbTati OyA€ OTPHMAHO AATOPUTM Ta

MaTepiaA AAfl PO3POOKH IHTEACKTYAABHOIO 9aT-O0TY.

OcHOBHA yacTHHA
Ananis npobaemnoi canysi
ITianxoAn AO peaaisariii i BIAIOBIAHO IPUHITUITH IIOOYAOBU I TAABHO-BIAITOBIAHEX CHCTEM
MOJKHA PO3AIAUTH HA HACTYIIHI AeKiAbKA TpyII (Allan: et al, 2012):
®  IHTaABHO-BIAIIOBIAHI CHCTEMH, IIIO 0a3yrOThCA Ha BeO-momyky (aHrA. “web-based question
answering system”);
®  IINTAABHO-BIAITIOBIAHI CHCTEMH 3 BAACHOIO PO3MIYEHOIO KOAEKITIEFO AOKYMEHTIB;
®  IIUTAABHO-BIAIIOBIAHI CHCTEMU 3 0A30I0 AAHUX, IITO MICTUTh IIMTAHHS 1 BIAITOBIAi;

®  IINTAABHO-BIAIIOBIAHI CHCTEMU EKCIIEPTHOTO THIIY.

Ocs120 icryrouux pospobox numasvHo-610n0610HUX CUCHIEM

BiapmmicTs icHyFOUnX Ha AQHUIT Yac peaAl3alliil INTAaABHO-BIAITOBIAHUX CHCTEM OPIEHTOBAHI
Ha OAHY 3 HAMIIOIIMPEHIIIINX MOB CBITY — AHTAIFCBHKY.

Ha cbOoroAHIIIHiN ACHb OAHIEIO 3 HAWPO3BUHEHIIIUX 1 BIAOMUX ITHTAABHO- BIAITOBIAD HUX
CHCTEM € IIMTAABHO-BIAIIOBIAHA CHCTEMa, CTBOPEHA IPYIIOIO po3poOHuKB ¢dipmu IBM
(xepiBruK rpyrm David Ferrucci) ma cynepkomirrorepi IBM Watson (Magnini et al, 2007). 'V 2011
poui Watson B3fB y4acTs y TeAemepeAadi «Jeopardyly, OOIrpaBIIH ABOX KpaIrnux IPaBLiB
«Jeopardyl». Burparr komir’sorepa ckaas 1 MAH. AOAApIB, B TOH 4ac, AK HOTO CyIIEPHUKN-AIOAT
orpumarn 1o 200 1 300 Tucaa AoaapiB BiamoBiaHO. ITiA @ac rpm cmcrema mMasa AOCTYII AO
irdopmMariii (y ToMy 9HCAl AO TIOBHOTO TekcTy Bikireail) obcsarom y 4 Tepabaiira.

Ha nreprrromy erarmi pob6oru Watson BiAOyBa€TbCA aHAAI3 INTAABHOIO PEUCHHA: BUAIAAETHCA
dokyc muTaHHA, MHTAHHA KAACH(IKYETBCA BIAITOBIAHO AO BHYTPImHBOI KAacudikarii Watson
(Ceglarek, 2014). ITicas mporo BiAOYBAa€THCA ACKOMITO3HIIIA IINTAHHA: IIPU HEOOXIAHOCTI ITUTAHHSA
po30mBacThCA Ha KiAbKa mpoctimmx. [loTiM cmcremoro reHepyrortbes rirmoresu — ¢pasu 3
KOPIIYCY TEKCTIB, fIKI 3 ITEBHOIO IMOBIPHICTIO MOKYThb MICTHTH BIAIIOBIAb Ha ITOCTABACHE
KopucrtyBadeMm nurTaHHA. Llel kopryc ckaapaerbca 3 Oe€3Aidl BCIAIKMX CTPYKTYPOBAHHX 1
HECTPYKTYPOBAHHUX 3HAHD, TAKUX fIK: IMIAPYYHHKH, HOBHHHU, HAYKOBI CTATTI T4, B TOMY YHCAI,
texker Bikimeali, DBpedia i1 im. ITicas Toro, sx Watson sremepysaB O€3Aid TiITOTE3, YaCTHHA
BIACIBAETBCA 32 AOIIOMOTOIO «M’AKOTO (DiabTpar, Akui 3asntmae TiAbka 100 rimores, HalOIABII
peAeBaHTHHX ImraHHIO. Ha HacTymHOMY erami BIAOYBA€THCA OLIHKA KOMKHOI TIIOTE3H, fAKA
3AAHIINIAACH, HA PEACBAHTHICTD MUTaHHA. AAf IIBOIO Y CUCTEMI BUKOPHCTOBYIOTHCSA TaK 3BaHI
«AOKa3m»: B 0a3aX 3HAHb INYKAFOTHCHA PEUEHHA, fAKI INATBEPAATH rinoresy (Mikolov et al, 2013).
I'imoresa BOYAOBYETBCA y CTPYKTYPY IIUTAHHA 1 OTPUMAHE PEYCHHA ITYKAETHCA y Oasax. Koxma
riroTe3a OTPUMYE HAOIP OILIHOK, fAKI IIOKA3yIOTh HACKIABKHM KOHKPETHA IiII0TE32 BIAIIOBIAAE TOMY
YU {HITIOMY AOKA3y.

Koxniit Takii OIMHIN 32 AOIIOMOTOIO CTATUCTHYHOI MOAEAl CTABHTBCHA Y BIAIIOBIAHICTB
IIEBHHH KOCPIIIEHT, AKHH ITOKA3y€ HACKIABKH BAJKAMBUI AASl BIAITOBIAI HA IINTAHHA AAHHH AOKA3

(3roaom 1ei koedirieHT OyAe BHKOPHUCTOBYBATHCA AAfA INAPAXYHKY BIIEBHEHOCTI CHCTEMH Y
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pinaapHilt BiAoBiAl). Ha HacTymHOMY eTari 3a AOITOMOIOIO MAIIMHHOIO HABYAHHSA (MAIIIIHHE
HABYAHHfA OPraHi30BAHO HAa KOPIyCl IINTaHb 3 BIAOMHMH BIAIIOBIAAMH) BIAOYBAa€TbCA BHOIp
€AMHO] BIATIOBIAL, IKA HAAAE€THCA KOPUCTYBAYY 3 BEAUIHHOIO, ITIO ITO3HAYAE CTYIIHb BIIEBHEHOCTI
MAIIIIHH Y IIPaBUABHOCTI BIATIOBIAL (Patel et al, 2019).

[ITrpoKy IOIyASAPHICTD TAKOK OTPHUMAaAa IIHTAABHO-BIAIIOBIAHA crctema Lasso, sika Oyaa
po3pobaeHa y Aaboparopii komirtorepHoi AinrBicruku IliBAemHOro MeTtoamgHOTrO
yaiBepcurety, mrrat Aaasac, CILA (Baby et al, 2017). Apxitexrypa cucremu LASSO ckaapaetses
3 TPhOX OCHOBHHX MOAYAIB:
®  MOAYAB OOPOOKH ITHTAHHS,
®  MOAYAB iHAEKcaIli ab3ar1iB;
®  MOAYAB OOPOOKHU BIAIIOBIAL

MoAyAb OOpOOKI INTAHHA BU3HAYAE:

e tun nocrasaeHoro rmrauHA (“what-who”, “what-when”, “how-long”, “how rich”, Toro);
e tun ouikyBasoi Biaosial (“DATE”, “LOCATION”, “PERSON” i1 T.11.);

e oxyc nuranuA (POKYyC NUTAHHA BU3HAYAETHCA fAK OCHOBHA iH(OpMALIfA, 3aINTyBaHA

nutaAbHUM peueHuam) (Manning et al, 2009).

MoAyAb OOpOOKH IHTAHHS TAKOMK BH3HAYAE KAIOYOBI CAOBA 3aIIUTY, fIKI IIOBUHHI OyTH
IepeAaHi MOAYATO iHAekcarii aAauux (Pucyrox 1)

Aas imAekcarti AOKymeHTIB B Lasso BHKOpPHCTOByeTbcA IIOIIykoBa crcrema Zprise IR
System. Takox MOAYAB IHAEKCALIIl A03a11iB IIPOBOAHTH OIIHKY AKOCTI 3HAHACHHUX a03ariiB. Y pasi
BU3HAHHA fKOCTI 3aAOBIABHHM, BHPOOAAETBCA IX YIIOPAAKYBAHHA BIAIIOBIAHO AO CTYIICHA
IIPaBAOIIOAIOHOCTI 3MICTY BIAITOBIAl, B IHITIOMY BUITAAKY BIAOYBA€THCA AOAABAHHA 200 BUAAACHHSA
ACAKHX KAIOUOBHX CAIB ITOIIYKY, IICAfl YOTO HOIIYK 32 OHOBAECHHM CITUCKOM KAFOYOBHX CAIB
BIAHOBAIOETBCA 1 CHCTEMA IIOBTOPHO OIIHIOE AKICTh 3HANACHUX a03a1iB (Lee ¢f al, 2020). MoAyAb
IIEPEBIPKU AKOCTI a03aIliB AO3BOASIE PO3YMHO 3MCHIIUTH KIABKICTH TEKCTY AAfl HAACHAAHHSA

MOAYATO BIATIOBIAI HA ITHTAHHA.

Obrpynmysanns 6ubopy mosu npocpamysars

A peaaisamii mpoekTy OyAO BUKOPUCTAHO MOBY mporpamysarua Python. Python mpocra
Y BUKOPHCTAHHI, Ta BOAHOYAC ITOBHOIIIHHA MOBa IIPOIPaMyBaHHA, IIIO HAAAE HAOAraTo OiAbIITe
3aCO0IB AAAL CTPYKTYPYBAHHA 1 INATPUMKH BEAUKHX 1Iporpam, Hix shell ($# ez al, 2017). 3 iammoro
60Ky, BoHa kparie 3a C/C++ oOpobasie HOMUAKH, 1, OYAYIH MOBOIO Ay’KE€ BUCOKOTO PIBHS, Ma€
BOYAOBAaHI THIIH AAHUX BHCOKOIO PIBHA, TaKi fAK THYYKI MACHBH 1 CAOBHHUKH, €(PEKTHBHA

peaaisawis sikux Ha C/C++ norpebye snaunux surpar vacy(Cromieres et al, 2016).

Pe3yabTaT AOCAIAYKEHHA
B Mexax AOCAIAKEHHA B AKOCTI PE3YABTATIB OYAO PO3POOAECHO AATOPUTM Ta IIPOrPAMHY
PeaAi3ariro IPOTOTHILY 4aT-00Ty.
B 3araapbHOMY BHITAAKYy aATOPHTM HABYAHHA PEKYPEHTHOI HEMPOHHOI MEPEkKi CKAAAAE€THCA
3 HACTYITHHX KPOKIB!
1) B mOYaTKOBMIT MOMEHT YacCy BCi KOHTEKCTHI HEHPOHH BCTAHOBAIOIOTHCHA B HYABOBHH CTaH,

TOOTO 3HAYECHHA X BUXOAY AOpiBHIOE (;
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2)  BXIAHHH BEKTOP HABYAHHA ITOAAETHCA AO HEHPOHHOI MepesKi 1 3AIICHIOETBCA eTall IIPAMOTO
PO3IOBCIOAKEHHS 1H(OPpMATIii;

3) 3AlficHIOETBCA MOAHMIKAINA BaroBUX KOE(IIIEHTIB Ta IOPOTIB BCIX PIBHIB 3IIAHO 3
AATOPHTMOM 3BOPOTHOTO PO3ITOBCIOAKEHHS IIOMUAKH;

4)  obupaerbcs HactymHuil MoMmeHT vacy (€ + 1) i salficHroerscs mepexia Ao 1. 2. Ilponec
HABYAHHA 3aKIHYYE€TBCA, KOAU CyMapHA CEPEAHBOKBAAPATUYHA ITOMHAKA CTAHE MEHIIIOIO
32A2HOIO 3HAYCHHI.

AAf HABYAHHA PEKYPEHTHOI HEHPOHHOI Mepeii BUKOPHUCTAHO AATOPHUTM 3BOPOTHOIO
posnoBcroakeHHA TOMHAKE (Scort et al, 2007). CepeAHPOKBAAPATHYHA IIOMHAKA HABYAHHA AAS

OAHOI'O BEKTOpa HABYAHHSA:

B = 5 () — d®)’.
AAA HAAAIIITYBAHHA IIAPAMETPIB HABYaHHA PEKYPEHTHOI HEHPOHHOI MEpEesKi:
AVt + 1) = —a(y(®) — d®) x y; ),
AT(t+ 1) = a(y(t) — d(®)),
AWt + 1) = —a(y() —d(®)) x V;yj(t) X x;,
AW (t+ 1) = —a(y(t) — d(®) X V;yj () X y (t — 1),
AW (t + 1) = —a(y(t) — d(®)) X V;y () X yx(t — 1),
AT;(t + 1) = a(y(t) — d(©)) X V; X y{(¢).

B axocti dymkmii akruBaril HEPOHIB CXOBAHOIO PIBHA MOKE 3aCTOCOBYBATUCH (DYHKIIiA

rimepboaiuHoro TaHTeHCy 200 curmoisHa ymkiia (Mulik et al, 2027). Ilpn BuKOpmcTaHHI

CHUrMOIAHOI (DyHKIII:

"(+) =
yj(£) = y;(0) x (1= y;(0)).
ITpu Buxkopucranai PyHKIII TiTepOOAIIHOrO TAHICHCY:
TOF) — 2
yi() =1—-y;7 (0.

AAfl IIPHCKOpPEHHA IIPOIIECY HABYaHHA AOIUABHO 3aCTOCOBYBATH AAAIITHBHHE KPOK
HapuaHHA. AAA BUXIAHOTO PIiBHA HEHPOHHOI MEpEKi (AKa MICTHTb OAMH HEHPOH 3 AIHIHHOIO
dyHKIiErO aKTHBALI):

() = —Smoay
1+ i Yj ()
AAf CXOBaHOroO piBHA HEHPOHIB BHPA3 AAA aAANTHBHOIO KPOKYy HABYAHHA IIPU

BHUKOPHCTAHHI CUTMOIAHOI (DyHKIII aKTHBALIiI:

4
R? x ZTVJZ X yj(t) X (1 - yj(t))

ay(t) =

m

R=1 +in2(t) Fyie—1)+ ) y2(E—1).
i k

2
[Npu Buxopucranui AorapudmiaHol OYHKINT aKTUBAI] AAAIITHBHUI KPOK HABYAHHA AAA

00YHCACHHA 3MIHH BaroBux KoedirienTis cxosanoro pisua (Grewuch et al, 2022):
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1
RZx ImVZ x (1= y2(0)

B mexax po3poOKu IporpaMHOTO 3a0€3IIEYEHHSA IIPOTOTHUITY IHTEACKTYAABHOIO 9aT-00Ty»

ay(t) =

Oyao crBOpeHO 4 kaacu: chat, chatbotlstmtrain, chatbotPreprocessing, chatFrame. Koaxumit 3
LAX KAACIB MICTUTB METOAH, IIO AO3BOAfIOTH IIOOYAYBATH HEHPOHHY MEPEKy, OOpOOHTH
1H(OpPMAIIIIO Ta BUBECTH ii Ha EKpPaH.

Kaac chatbotPreprocessing BIAITOBiAa€ 3a HEPBHHHY OOPOOKY a4 TAKOMK 32 PO3IIOAIACHHSA
KOPIIyCYy Ha ITHTaHHA Ta BIAITIOBIAL (Pucynox 1).

Aaai BIAOYBa€TbCH TOKEHI3AIA OTPUMAHUX ITHTAHD Ta BiAIOBIAeH. [licad mporo mporpama
3HAXOAHUTD BEKTOP AAA KOKHOTO cAoBa (Pucyrok 2).

[Ticas aHAAI3y HOBIAOMAEHB OYAO BHPIIIIEHO OOPATH MaKCHUMAaABHY KIABKICTB cAiB 15. V
3B’AI3KY 3 IIUM, AKIIIO KIABKICTH CAIB y PEYEHHI MEHIIIA 33 MAKCUMAABHY TO AOAAETHCA BEKTOPH 3
Ha0OPY OAHHHIIb AAf OTPUMAHHA MAKCHMAABHOI KIABKOCTI CAIB. SIKIIIO KIABKICTB CAIB OiABIIIA 32
MAaKCHMAABHO AOITYCTHUMY TO BIAOYBA€TbCA BIAKHAAHHSA YCIX HACTYIIHUX TOKCHIB.

Kaac chatbotlstmtrain BiaOoBiAa€ 3a HaBuaHHA HEHpPOHHOI Mepexi. AAf BupimIeHHA
3aBAAHHA PO3POOKU IPOTOTHUILY YaT-OOTy OYAO BHPIIIEHO PO3POOHTH HEHPOHHY MEPEKY fAKA
ckaaaaereca 3 4 mporrapkis. Koken npormmapok ckaasaersca 3 300 HeliponiB. AxruBariiina
yHkiia Ha mporrapkax curmoisassHa (Pucyrok 3).

AAfl ITIOAAABIIIOTO BUKOPHUCTAHHA MOAEAI OYAO 30€pPEKEHO ACKIABKA MOAEACH 3 PI3HOIO
KIABKiCTIO TpeHyBaub (Pucyrox 4).

Kaac chat npusxavennii aasi ocHOBHOI (pyHKIil — mATpumanusa Oecian. Kopucrysagy
IIPOIIOHYETHCA BBECTH HOBIAOMAEHHA. [licAd I1pOro mporpama oOpoOAsie HOIro Ta OTPHMYE
ITOBIAOMAEHHSA § BHTAfIAL BeKTOpY. KIABKICTB CAIB y BBEACHOMY ITOBIAOMAEHHI HE ITOBHHHA
mepesuiryBat 15 caiB. IToTiM KOKHOMY CAOBY 3HAXOAHTHCH HAHOIABII IIAXOAAIIE CAOBO i3
MOAEAL Ta BUBOAUTBCS BIAITIOBIAB Ha ekpaH(Pucyrox 5).

Kaac ChatFrame cayxurts Ak rpadpiuamii iHTEpdEeiic AAA IPUEMHIIIIOIO KOPUCTYBAHHA
mmporpamoro. MeToA __init_ BHKOPHCTOBYETBbCA AAfl 3aBAHTAKEHHA HATPEHOBAHOI MOAEAI
word2vec Ta BEKTOpPHOro ImpeActaBacHHA cAiB. Meroa initUl cayxkure AAd OTpHMaHHA
OCHOBHOIO BikHa mporpamu. BikaHo Oyao pospobaeHo 3a aomomororo Oibaiorexkn PyQT
Harmcanoi Ha MoBi Python (Pucyrox 6)

3a AOIIOMOTOIO METOAY send_message BIAOYBaE€THCH BIAIIPABKA IIOBIAOMAEHHSA AASL OOPOOKH
Ta AAA BUBOAY ii Ha expau(Pucyrox 7).

Po3pobaeHmii TporpaMHHIA 3aCTOCYHOK BUKOPHCTOBYE HATPEHOBaHHE word2vec koprryc
ap_news, AKUI CKAAAA€ThCA 3 1,5 Miabiiona BekTopis posmiprocti 300 (Pucyrox §).

AAs HaBYaHHA HEHPOHHOI MEPErKi OYAO BUKOPHCTAHO ACKIABKA YaTiB 32 AOIIOMOIOIO IKIX
IIPOTOTHUII YaT-00TY BIAIIOBiAa€ KopucTyBadesi (Pucynox 9).

B poborTi mpeacTaBACHO IIPOEKTYBAHHSA Ta OCHOBHI IIPOIPAMHOI peaAisariii IpOTOTHITy JaT-
6orty. [IpoanaaisyBaBIm BUIIe3raAaHUI MaTepiaa OyAO cTBOpeHO Alarpamy kaacis (Pucyrox 10).

Hacrymmaum Ba:KAUBHM €TAIIOM € PO3PO0OKa AlarpaMu BapiaHTiB BUkopuctauus (Adamopoulon
et al, 2020). OcHOBHa MeTa CTBOPEHHA OYAB-IKOI IIPOrpaMHOI CHCTEMH II€ CTBOPECHHSA
IIPOTPAMHOIO IIPOAYKTY, AKHEH AOIIOMAara€ KOPHCTYyBady BHKOHYBATH CBOI ITOBCAKACHHI

3aBAAHHI. AAH CTBOPCHHH TaKHUX HporpaM HacaMHCPCA BH3HAYAIOTHCA BHUMOTIH, AKMM IIOBHHHA



European Scientific e-Journal, ISSN 2695-0243, No. 28 (2024)

3aAOBOABHATH CHCTEMA. [IpoTe AKIIO AATH KOpHCTyBadaM HAITHCATH IIi BUMOTH Ha IIarepi, To
YaCTO MOKHA OAEPIKATH CIIHCOK (PYHKIIIH, IO AKOMY BaKKO CYAHTH 9l OyAe MaHOYTHA crcTeMa
BHKOHYBATH CBOE IIPU3HAYCHHA 1 YU 3MOKE BOHA ITOACIIINTH KOPHCTYBAad9y BHKOHAHHA HOTO

poboru B3araai. Alarpama BapiaHTiB BUKOPUCTAHHA HaBeAcHA Ha pucyHKy (Pucyrox 17).

Aunckycia

V cBoifi poOOTI MU IIPOBEAH aHAAI3 ICHYIOYHX METOAIB Ta IAXOAIB PO3POOKH ITHTAABHO-
BIAITOBIAHHX CHCTEM, PO3TASHYAM IX THUIIM Ta THIIM IHTEACKTYAABHUX dYaT- OOTIB. YHIKaABHI
MOKAHMBOCTI IHTEpHET Taki, fK IIBHAKICTB, OIIEPATHBHICTb, AOCTYIIHICTb KOMYHIKAIli Mix
KOPHCTYBAYaMHU — AO3BOAAIOTH BUKOPHUCTOBYBATH MEPEKY AK 3aCi0 CIIAKYBAHHA i CTBOPIOBATH
iHTepakTHBHI (POPMU CIIAKYBaHHA: 9aTH, (POPYMH, TEACKOH(EPEHIIl], EACKTPOHHY IIOIITY Ta
iammi. Ha 3miny peaapHEM CIIIBPO3ZMOBHHKAM IIPHXOAATH IIPOIPAMH IIITYYHOIO IHTEAEKTY, TaKl
AK 9YATH, KOHCYABTAHTH, ITOMIYHHKH, PO3BAKAABHI IIporpamu Ta iHim. Aae, Ha BIAMIHY BIA
PO3MOBH AIOAEH, IIPOrpamMa HE BOAOAIE THYYKHM PO3yMOBOIO iHTeAekToM. Ha xaap, cydacHi
BIPTYaAbHI CIIBPO3MOBHHUKH AHIIIE YACTKOBO BHPIIIYIOTH ITHTAHHA IMITAI PO3MOBH AFOAMHHU.
CAOBHHKOBHI 3a11aC OIABIIIOCTI BIPTYaABHHUX CIIIBPO3MOBHHKIB OOMEKEHHUIH, KPIM IIbOTO, ¥ HUX
BIACYTHA eMOILiiiHe 3a0apBACHHA, TEMOpP TOAOCY TOmO. ToMy OIABIICTD BIPTYaABHHX

CIIBPO3MOBHHKIB 3aIIPOTPAMOBAHI HA BEACHHA HECKAAAHOI OeciAm.

BucHoBxu

[TocraBAeHA MeTa AOCAIAMKEHHA OyAQ AOCATHYTA BUPIIIICHHAM TAKUX 3aBAAHD:
®  OTrAfHYTO iICHYIOYi METOAH T4 IIAXOAH ITHTAABHO-BIATIOBIAHIX CHCTEM;
®  PO3rAAHYTO THUIIH IINTAABHO-BIAITOBIAHIX CHCTEM Ta IHTEACKTYAABHHUX 9aT-OOTiB;

® OOIPYHTOBAHO BHKOPHCTAHHA PEKYPEHTHOI HEHPOHHOI MEpekKi AAf  peaaisarii

IHTEAEKTYaABHOI'O 9aT-O0TY;
®  PO3POOACHO AATOPUTM HABYAHHA PEKYPEHTHOI HEHPOHHOI MEPE:Ki;

®  1iAIOpaHO MaTepiaA AAA HABYAHHA PEKYPEHTHOI HEHPOHHOI Mepeiki.

KondaikT inTepecis
ABTOPH 3aABAAIOTH, IO KOH(MAIKTY IHTEpECIB HEMAE.

,/—-_—"'-—-___—-/
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model = gensim.models.Word2Vec.load(' ' train/word2vec.bin’);

file=open('train/conversaticn.json');

data = json.load(file, strict=False)

cor=data[ "conversations"];

w=[]

y=[1

for i in range(len(cor))

for j in range(len(cor[i]))
if j<len(cor[i])-1:

x.append(cor[11[3]1);
y-append(cor[1][j+1]);

AoAaTku

tok_x=[]

tok_y=[]

for i in range(len(x)):
tok_x.append({nltk.word_tokenize(x[i].lower()))
tok_y.append(nltk.word_tokenize(y[i].lower()))

sentend=np.ones((3@a))

vec_x=[]

for sent in tok_x:
sentvec = [model[w] for w in sent if w in model.wv.vocab]
vec_x.append(sentvec)

vec_y=[]

for sent in tok_y:
sentvec = [model[w] for w in sent if w in model.wv.vocab]
vec_y.append(sentvec)

Pucyrnox 1. PosroaiAeHHA KOPITyCy Ha ITHTAHHSA Ta Pucynox 2. ITomryk BekTopiB AASl KOKHOTO
BIAIIOBIAL CAOBa

model = Sequential()

model.add(LSTM(output_dim=38@, input_shape=x_train.shape[1l:], return_sequences=True,
init="glorot_normal’,inner_init="glorot_normal’, activation='sigmoid"})

model.add(Dense(3@@, input shape=x_train.shape[1:], activation='sigmoid"})

model.add(LSTM(output_dim=388, input shape=x_train.shape[1l:], return_sequences=True,
init="glorot_normal’, inner_init='glorot_normal’, activation='sigmoid'))

model.add(LSTM(output_dim=388, input_shape=x_train.shape[1l:], return_seguences=True,
init="glorot_normal’, [nner_init='glorot_normal’, activation="sigmoid'))

model.compile (loss="cosine_proximity', optimizer='adam', metrics=["accuracy'])

Pucynoxk 3. Heriporna Mepexa

model.fit(x_train, y_train, nb_epoch=588, validation_data=(x_test, y_test))
model.save( train/L5TM5@@.h5"};

model.fit(x_train, y train, nb_epoch=58@, validation_data=(x_test, y test))
model.save('train/LSTM1688.h5" ) ;

model.fit(x_train, y_train, nb_epoch=588, validation_data=(x_test, y_test))
model.save( train/L5TM15@8.h5");

Pucynox 4. 36epeixeHHs MOAeAEH

¥ = input{“Enter the message:");
sentend = np.ones((388))

sent = nltk.word_tokenize(x.lower())
sentvec = [mod[w] for w in sent if w in mod.wv.vocab]

sentvec[14:] = []
sentvec.append(sentend)
if len(sentvec) < 15:
for i in range(15 - len(sentvec))
sentvec.append (sentend)
sentvec = np.array([sentvec])

predictions = model.predict(sentvec)

outputlist = [mod.most_similar([predictions[@][i]])[@][@] for i in range(15)]
output = ' ".join(outputlist)

Pucynoxk 5. Busia BiATTOBiAl Ha ekpan
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def _ dinit_ (self, parent=Ncocne):
global model
glocbal mod
model = load _model( train/LsTHMseke.hs ")
mod = gensim.models.kWord2Vec.load( train/word2vec.bin')

super()._ init_ (parent)
selfF.initUI()

def initUI(s=sLFf):
self.c_w = chat_window(s=LF)
self.c_w.resize (686, 468)
self.c_w.move(ld, 1&8)
self.c_w.setReadOnly (Trues)

self.e_t = enter_text(ssljf)
self.e_t.resize(588, 25)
self.e_t.move(ld, 426

self.send = QPushButton( 'Send’, self)
self.send.resize(98,25)

self.send.move (528, 428)

self.send.clicked. connect{self.send_message)

colorborder = "Gray’
colorline = "White’
Pucynoxk 6. Meroan __init__ a initUI

def send_message(self):
global model

global mod

¥ = self.e_t.text()
self.c_w.append( "YOU: ' +x)
print(x)

self.e_t.setText('")
sentend = np.ones((3@a))

sent = nltk.word_tokenize(x.lower()})
sentvec = [mod[w] for w in sent if w in mod.wv.wvocab]

sentvec[14:] = []
sentvec.append(sentend)
if len(sentvec) < 15:
for 1 in range(15 - len(sentvec)):
sentvec.append(sentend)
sentvec = np.array([sentvec])

predictions = model.predict(sentvec)
outputlist = [mod.most_similar([predictions[@][i]])[@][@] for i in range(15)]

Pucynok 7. Meroa send_message

“,‘.'., ward2vec.bin 29.06.2016 8:58 AceStream medi. .. 23617 KB
|:] waord2vec.bin.synd.npy 29.06.2016 8:58 Dain TPY”" 346 895 KB
|J word2vec.bin.synlneg.npy 29.06,2016 3:58 Daiin MPY” 346 895 KB

Pucyrnox 8. Word2vec moaeap
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"conversations": [
[
"Good morning, how are you?",
"I am doing well, how about you?",
"I'm also good.",
"That's good to hear.”,
"Yes it is."

"Hello",
wan,

"How ars you doing?",

"I am doing well.",

"That is good to hear”,

"yes it is.",

"Can I help you with anything?",
"Yes, I have a question.",

"hat is your guestion?”,

"Could I borrow a cup of sugar?",
"I'm sorry, but I don't have any.",
"Thank you anyway",

"No problem"

"How are you doing?",
"I am doing well, how about you?",
"I am also good.”,

"That's good."”

1.

Pucyrok 9. Ajasoru AAf HABIAHHS

<<Class=>>
Data

+ def get_lines()

+ def get_convos()

+ def question_answers()
+ def prepare_dataset()
+ def build_vocabulary()
+ def load_vocabulary()
+ def load_data()

4

<<Class>>
Config

+ DATA PATH: String
+ CONVO_FILE: String
+ LINE_FILE: String

+ NUM_LAYERS: Int
+ENC_VOCAB: Int
+DEC_VOCAB: Int

e - -

<=Class==
ChatBot

-+ dictionary_size: Int
+ maxlen_input: Int

+ def greedy_decoder()
+ preprocess()

+ tokenize()

+ init_model()

=<Class>>
Model

+def _init_()
-+ def _create_placeholders()
+ def _inference()

Pucynok 10. Ajiarpama KAaciB IPOTOTHITY IHTEACKTYAABHOTO

qaT-00Ty

KopnetyBaua

3amaBaTix
MIITAHHS

OITaHHA

Binnosinartm Ha

Hart-60T

Pucynok 11. Ajarpama BapiaHTIB IIPOTOTHITY IHTEACKTYAABHOTO 4aT-00TY

11



