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TEXHOJIOI'ISA PO3POBJEHHA PEKOMEHJALIHHOI'O
YAT-BOTA HA OCHOBI BEJJUKUX MOBHUX MOJEJIEN
JJIA IPOEKTYBAHHA loT-CUCTEMHA

'BinHMIBKHI HAIIOHAIBHUM TEXHIYHUI YHIBEpCUTET

CyuacHuli po3sumok iHghopmayiliHux mexHosioail, 3okpema IHmepHemy pedel (loT), 8idkpusae HO8i MOX-
Jsiueocmi Orig aemomamu3auii MPoeKmMys8aHHs cucmem, Wo npayrroms Ha 6asi enobanbHUX Mepex Marsoi rno-
myxHocmi (LPWAN). Lle sumaecae Hosux nidxodie 00 cm8OpEeHHsI apximeKkmypu makux cucmem ma eubopy
MEeXHOT02IYHUX pilueHb, SKI epaxosytomb creyugiky ymMos ixHb020 sukopucmaHHs. Y 0ocniOKeHHi 8UKopuc-
maHo eesuki MosHi Modeni (LLM) 0nss cmeopeHHsi yam-6oma, sikuli Halae pekomeHOauii. Moderib Hag4yeHO Ha
seniukomy obcAsi daHux, 3ibpaHux 3 Haykosux cmamel i mexHiyHux OokymeHmie, nog’szaHux 3 LPWAN. Ta-
KOX peasizoeaHo asmoMamuyHe CIMEOPEeHHs CMPYKMyposaHux Mamepiarsie Orisi MPOEKMY8aHHS, U0 8paxo-
sytomb ocobniugocmi makux mepex. OCHO8HI pe3yfibmamu 8Knyarme MakcumanbHo demanizosaHi ma ¢ho-
pmajiisoeaHi emarnu cmeopeHOoi mexHosoeii, sika 0038075€ asmomMamuyHo ¢hopmysamu apximekmypy loT-
cucmem i 8i0noeidHi Giaepamu mexHosnoeiyHux cxem (PFD-Oiagpamu) Ha OCHO8I meKkcmoegux onucie Kopucmy-
sauis. lNpu UbOMy 8paxoeaHo K4oei xapakmepucmuku ma obmexeHHss LPWAN: Hu3bke eHepaocroxueaH-
HSl, 8enuka, arne He b6eaMmexHa, 30Ha noKpumms ma obmexeHa nporyckHa 30amHicme. Lle eaxrnugo dns no-
b6ydosu egekmusHux i macwmabosaHux piweHb. Po3pobrieHo nidxid Ao adanmauii mosHoOi modeni nid
crieyjanizoeaHy mepmiHornoezito ma koHmekcm LPWAN. Oxapakmepu3ogaHo niputiomu 36ifibWeHHs (ayemeH-
mauii) GaHux damacemy, 3a paxyHOK 8UKOpucmaHHsaM crieujanbHux 6ibriomek i nidxodie. 3asdsKku ubomy,
yam-6om moxe Hadagamu mouYHI U npogbeciliHi nopadu, UiHHI Onsi mexHiYHUX creuianicmis. Hanpuknad, 6iH
nidkasye, sk kpawe nepedasamu OaHi 3a obmexeHb w000 obcsey nosidomneHb abo Yacmomu nepedadyi da-
Hux. fkicmb gidnosideli Ha cknalHi MexHIYHI MuMaHHs 3Ha4yHo nidsuwunachk y rnopieHsHHI 3 6a3oeumu 8epcisi-
mu moderni. [JoGamkoso cmeopeHO asmomamuyHy 2pacbiyHy ei3yanidauyiro momokie OaHux y euensdi PFD-
Oiaepam, W0 noneawye pPo3yMiHHSI CMpPyKmMypu ma npouecie y cucmemi. Lle cripusie kpawomy aHanisy ma
yxeasieHHo npasusnbHUX piweHb. [lepcrnekmueu nodanbwux 0ocnioxeHb repedbayaromb yOOCKOHANEHHS
mexHoJ102ii WsIXOM po3WuUpeHHs1 ba3u 3HaHb akmyanbHUMU daHuMu ma adanmaujii 0o iHwux loT-npomokoriie
0rnia 3abe3neyvyeHHs Wupwoi 3acmocoeHocmi U QhyHKUIOHaIbHOCMI.

Knio4yosi cnoBa: IHTepHeT peyen (loT), Benuki MoBHi mogeni (LLM), pekomeHgauiHnii yaTt-601, LPWAN,
NPOEKTYBaHHsA cuctem, IT-iHdpacTtpyktypa, PFD-giarpamu, iHdpopmauiiHa TeXHONOrisA, apxiTektypa iHpopma-
LiMHUX CUCTEM, TEXHIYHA MigTPUMKa.

IlocTtanoBka 3anau4i Ta BUXigHI NepeAyMOBH

CyuacHi iHpopMariiiai TeXHOJIOTIi pO3BHBAIOTHCS HA3BUYANHO IMBUIKO, 30KpeMa I1€ TIOMITHO y cde-
pi Intepuery peueii (IoT). loT-cucremu Bce yacTime 3aCTOCOBYIOTHCSI B PI3SHOMaHITHUX Taly3sX — Bil
aBTOMATHU3aIlil BUPOOHUIITBA 10 PO3yMHOT MickKkol iH(ppacTpykTypu [1], [2]. [IpoTe npoexTyBanus [oT-
pileHs BUMAarae Cepro3HUX 3yCHIIb JIJIS CTBOPEHHS apXiTEKTYPHHUX PIlleHb, TEXHOJOTIYHUX CXEM Ta JI0-
KyMEHTaIli1, 1[0 YacTO YCKIAIHIOETHCS Yepe3 TMOoTpedy B iHTerpalii pi3HUX KOMITOHEHTIB i ajanTtarmii 10
cneuu(piuHUX YMOB eKcIuTyartanii. ¥ oMy KOHTEKCTi BUTIISIA€ IEPCIIEKTUBHUM BUKOPHCTAHHS BEJIMKUX
MoBHHUX Mozenel (LLM). Ixna 3maTHicTs npalroBaTy 3 NPUPOJHOI0 MOBOIO, TEHEPYBATH 3pO3yMiNnmi i
CTPYKTYpOBaHUI KOHTEHT, a TaKOXK aJaNnTyBaTUCh JIO CKJIQJHUX 3aBAaHb, JO3BOJISIE aBTOMAaTH3yBAaTH iH-
TENEKTYalbHi IPOLIECH.

VY HayKOBUX AOCIHIIKCHHAX Ta MPAKTUYHUX PO3POOKAaX MOXKHA 3HAWTH MPUKIAIN 3aCTOCYBaHHS dat-
6otiB Ha 6a3i LLM mis miaTpuMKy KOpUCTYBadiB y pizHUX cepax. Taki cucTeMu 1eMOHCTPYIOTh BHCOKY
e(EeKTHBHICTh y CHELiaNTi30BaHUX HANpsSMKaX, HANPUKIAJ, B arpOMPOMHUCIOBOCTI JJIsl ONTUMI3amii yII-
PaBIIiHHS pecypcamH, y IOMaIIHbOMY KOHTPOJIi AJIsl aBTOMATH3aLlil BAKOPUCTaHHS OOYTOBUX MPHUCTPOIB
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4YM B MEJMYHIH cepi 11 KoHCynbTaTuBHOI miaTpuMku [3]—[5]. TIpote 1i pilieHHS MalOTh YiTKO BH3HA-
YeHy CIIeIiallizamiio, Mo o0MeXye iXHIO THYYKICTh Ta aJalTUBHICTH M0 iHIMMX Tamy3ei. Jlo Toro Xk, 3a-
JIMIIAIOTHCS. HEIOCTAaTHBO PO3BUHEHUMH 1HCTPYMEHTH Y cdepi npoekTyBanHs [oT-cuctem 3 BUKOpUCTaH-
HSIM TEXHOJIOTIUHMX cxeM y Hotartlii Process Flow Diagrams (PFD) [6].

3anpornoHoBaHa y i poOOTI TEXHOJIOTIS CIIPSMOBaHA HA TMOJOTAHHS 3a3HAYCHUX HEMOMIKIB IMUITXOM
po3po0IieHHsT peKOMeHIaliitHOTo YaT-00Ta, sskuii 6a3yerbes Ha LLM i cnemianizyerbcs Ha g0moMo31 y
npoektyBanHi loT-cucTteM i3 BUKOpHCTaHHSIM TIOOAIBHUX Mepex Manoi moryxkHocti (LPWAN).
LPWAN-texnonorii, Taki sk Sigfox, LORaWAN, NB-I10T, € HeoOXigHUMU 11 CTBOPEHHS eHeproedek-
TuBHMX 1 MacmTaboBanux loT-cucreM, Mo M03BOJISIE PO3TIAATH iX SK 00 €KT I aBTOMATH30BAHOTO
npoekTyBaHHs [7]. Peanizarist Takoro miaxoay MOXJIHMBA, 3aBISKH KUTBKOM KJIIOYOBMM 4nMHHHKaM. [lo-
Tniepiie, 3apa3 JOCTYIHI MOTYHI MOBHI MOJIEINI, SIKI MOXYTbh PO3YMITH TEKCTOBI OIMCH 33/1a4 i CTBOPIOBA-
TH CTPYKTypOBaHI TexHIuHI Matepianu. [lo-mpyre, icHytoTs GopmanizoBani onucu loT-cucrem, siki MOX-
Ha BUKOPHCTOBYBATH SIK BXiJHI JmaHi s Moxeni. [lo-Tpete, uaT-60Ta MOKHA aanTyBaTH A0 CIEIiali3o-
BaHOI TEPMIHOJIOT] Ta TOTPeO TEXHIYHUX (PaxiBIliB y MPOLECI TPOEKTYBaHHS.

Takum 9UHOM, aKTYaTbHOIO 337a4€i0 € PO3POOJICHHS TEXHOJIOTIi CTBOPEHHS peKOMEHIAIIHHOTO JaT-
6orta, siknit Ha ocHOBI LLM 3a0e3nedyBatnme aBTOMaTH30BaHy reHepaitito apxirekrypu ta PFD-niarpam
st loT-cucremu Ha 6a3i LPWAN, a Takox HazaBaTHMe KOHCYJIBTAaTHBHY MIATPUMKY (axiBLsIM y Mpo-
rieci ixHpo1 poboTH. Takuii miAXij JO3BONHUTE MiABUINUTH €PEKTUBHICTh MPOEKTYBAHHS, aJalITyBaTH TEX-
HoJIOTi0 10 ocHOBHUX BUMOT LPWAN-Mepex, Takux SK HU3bKE €HepPTOCIOKHBAHHA, BEIUKA JATbHICTh
3B’513Ky Ta OOMEKeHa MPOITyCKHA 37aTHICTh [8].

Mema docnidocennss — po3poOIEHHA TEXHOJOTI] CTBOPEHHs PEeKOMEHAaUiiHOro 4ar-60Ta Ha OCHO-
Bi BEJIMKMX MOBHHMX MoOAeJed ans aBroMarusauii mpoextyBaHHs loT-cucrem 3 BUKOpHUCTaHHSIM
LPWAN nursixom renepanii apxitektypu, PFD-mgiarpam Ta HagaHHS KOHCYJIBTaTUBHOI MIATPUMKH TeX-
HIYHUM (axXiBIISIM.

Inest po3B’sizanus 3agayi

Po3B’s13aHHs MMOCTaBIeHOI 3a1a4i 0a3yeThcsl Ha 3aCTOCYBaHHI BEIMKUX MOBHHX MOJENEH SK OCHOBHO-
ro IHCTPYMEHTY Uil aBToMaTHu3aiii nmpoektyBanHsa loT-cuctem i3 LPWAN, mio 3abe3mneuye reneparito
CTPYKTYpPOBAaHHUX MPOEKTHUX MaTepiaiiB i IXHE IHTEPaKTHBHE BUKOPHCTAaHHS 4Yepe3 PEeKOMEHAANiHHOTO
gaT-60Ta. CydacHi LLM, 3aBasku cBOilf 3MaTHOCTI 0 KOHTEKCTHOT'O aHAaJi3y HMPHPOJHOI MOBH Ta I'eHe-
PaTUBHUM MOKIJIMBOCTSIM, JIO3BOJIIOTH TpaHC(HOPMYBATH HECTPYKTYpOBaHi TekcToBi onrcu [oT-cucrem y
¢dopmarizoBaHi TeXHOJOTiuHI cxemu, 30kpema PFD-miarpamm, ski BigoOpaskaloTh NpOLIECH B3aEMOIi
KOMIIOHEHTIB CHCTEMHU.

OcHOBHA ij1esI TTOJISITa€ B TOMY, IIO0 CTBOPUTH TEXHOJIOTIYHUH TPOIIEC, KU Ma€e TPU OCHOBHI €Talu
(puc. 1). Ha BXig HaaxoauTh TEKCTOBHUI OMMC 3aaadvi, HajaHui kopuctyBauem («User Input»). Ha mep-
mromy etami («LLM Processing») LLM o6po6ise meit omuc («Analyzes Task Description»), i Ha ioro
ocHOBI (hopmye apxitextypy loT-cucremu («Generates 10T Architecture») pasom i3 Biamosigaumu PFD-
niarpamamu («Creates PFD Diagram»). Ileit etam rpyHTyeTbhCs Ha 3AaTHOCTI MOJeli imeHTH]IKyBaTH
OCHOBHI KOMITOHEHTH CHCTEMH — 30KpeMa JIaTYMKH, BAUKOHABYl MEXaHI3MU Ta MEPEIKEBI By3JIM — a Ta-
KO BCTaHOBJIFOBATH JIOTi1YHI 3B’3KH Mi HUMH. [IpH 1IbOMy BpaxoBYIOTBCS OCOOIHMBOCTI Ta OOMEKEHHS
texnousoriii LPWAN («Considers LPWAN Constraints»), manpukiaa oOMexeHa MpoIycKHa 3/1aTHICTb,
JaNbHICTh 3B’A3KY 1 BUMOTH 0 eHeproedeKkTUBHOCTI. Hampukian, Ans cMCTeMH MOHITOPHHTY Ha 0asi
Sigfox momenp Moxe ineHTU(IKYBATH TOMOJIOTII0 MEPEkKi, BU3HAYUTH MOTOKU JAHUX MK KiHIIEBUMH
MPHUCTPOSMH Ta MUTIO3aMH 1 IPEJCTABHUTH II€ Y BUTIII CTPYKTYPOBAHOT CXEMHU.

Hpyruii eran («Expert Training») nepen6avae nonaBuanus LLM («Fine-Tunes LLM») Ha ocHoBi na-
tacety («User LPWAN Dataset»), mo micTuTh HaykoBi 3HaHHS npo LPWAN, 3 meroro dopmyBaHHsS
eKCIIEpTHOTO piBHA KomreTeHIii y it chepi (<KLPWAN Expert Knowledge»). Ileit etan € KpHTHYHO
BaYUIMBUM JTs 3a0€3MEUCHHS 3[aTHOCTI MOJIENI BIAMOBIZAATH HA 3allUTH TEXHIYHUX (axiBIiB MPUPOITHOIO
Ta npodeciiiHoro MoBoo. JlaTaceT MiCTUTh TEXHIUHY JOKYMEHTAlil0, CTAHAAapPTH, HAYKOBI CTATTI Ta IpakK-
TH4Hi Keticu Bukopuctanas LPWAN, 1o 103BOJIAIOTE MOJEITI 3aCBOITH CHErdiKy Takux cucteM. [Ipo-
11ec HaBYaHHA 0a3y€eThCs HA TEXHIKaX TOHKOTO HajmamTyBaHHS (fine-tuning), SKi MIMPOKO 3aCTOCOBYIOTh-
ca s ajgantanii LLM 1o By3bKOCHeIiali3oBaHUX JOMEHIB, 3a0e3Meuyroud IIHOOKE PO3YMIiHHS
KOHTEKCTY Ta TepMinoorii [9]. V pe3ynbraTi MoJenb MepeTBOPIOETLCS HA €KCIepTa, 3AaTHOrO aHaTi3y-
BaTH CKJIQJHI TEXHIYHI CIIeHapii Ta HaJaBaTH KOMIIETCHTHI peKOMEHIAITii.
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Puc. 1. TpueramHuii TEXHOJIOTIYHHI TIPOIIEC PO3POOKH peKOMEHAaNifHOTO YaT-60Ta

Ha tperpomMy erari pe3yabTaTd NMEPUINX JBOX €TalIliB IHTETPYIOThCA Y (PYHKIIOHA PEKOMEHAANIHHOTO
yar-6ota («Recommendation Chatbot»), skwuii BucTymae inTepakTuBHAM iHTEpdEHCOM IS TOCTYILY IO
3reHepOBaHUX MPOEKTHUX MaTepialliB 1 eKCIepTHUX 3HaHb. Yar-00T 00’enHye apxitektypy, PFD-miarpa-
MU Ta crierfianizoBany 6a3y 3Hanb npo LPWAN («Architecture & Knowledge LPWANY), sika oHOBITIO-
€THCA aBTOMATHYHO, pealizyroun RAG-pexnm («Retrieval Augmented Generationy), sikuii Takox T03BO-
JIsie KOpUCTyBayaM OTPUMYBATH JETaNbHI BiINIOBI/I Ha 3allUTH B peanbHOMY 4aci. Hanmpukmay, Ha 3amut
KopHcTyBaua: «SIk ontumilzyBaTtu nepenady aanux y loT-cucremi Ha 6a3i Sigfox?» yaT-60T MoXe HagaTu
omuc BimnoBimHOTOo cermeHTa PFD-miarpamm, BpaxoByroun oOMeXeHHS poO3Mipy MOBimomieHb (o 12
OaittiB y Sigfox) i HU3bKY YacTOTy mepenadi, abo 3ampornoHyBaTH PEKOMEH Al 00 3MEHIIICHHS KiJTb-
KOCTI MepeiaHuX MaKeTiB.

dopmaJizanisi MATEeMAaTHYHOIO ANAPATY TEXHOJIOTIl

Jlst 3a0e3mmeueHHsT TeOPEeTUIHOI OOTPYHTOBAHOCTI Ta MOYKIJIMBOCTI BiATBOPEHHS TEXHOJIOTIi CTBOPEHHS
pEKOMEHIAIIfHOro YaT-60Ta Ha OCHOBI BeMUKUX MOBHUX Mojeneii (LLM) mis npoekryBanHst loT-cuc-
TeM 3 BukopucTaHHsM LPWAN-TexHomOri# NouinpHO (opMaii3yBaTH BiAMOBITHUHA METOA 3a JOIOMO-
rOI0 MaTeMaTHYHOTO anapaTy. 3alpoIoHOBaHa MOJIENb OMHUCYE SIK TEKCTOBI OMHCHU 3afad TpaHchopMmy-
FOTBCS y CTPYKTYPOBaHI MPOEKTHI MaTepialiv, sIKi Hajiaidi BHKOPUCTOBYIOTECS IS IHTEPaKTUBHOI MiATPH-
MKHU (axiBIIiB.

Buznaunmo, mo T ={ty, t2,..., th} — MHOXXHHA TEKCTOBHX €JIEMEHTIB, sKi € ormrcoM loT-cucremu: na-
Badi, IITIO3M, BUKOHABYI MPUCTPOI Ta ixHi B3aeMo3B’s3ku. LLM npencrasumo ¢ynkmiero fiiv, sxa Bigo-
Opaxae Ty Bursiai crpykryposanoro rpada G = (V, E), ne V — MHOXHHA BepIInH (KOMIIOHEHTH CHC-
Temu), a £ — MHOXUHa pebep (Joriuni Ta gizuuHi 38’ s3ku). DopmanizoBane npeactasieHns G:

G= fLLM (T,G, DLPWAN )

ne 0 — mapameTpu Mozeni, agantoBani mijg TexHosnorito LPWAN, a Dipwan — AaraceT HayKOBHUX 3HaHb
po LPWAN. I'pad G onrtumizoBaHo 3 ypaxyBaHHIM OOMEKEHb:

Lg = ZeeEWeCe +APe.

Jie We — Bara pedpa, Ce — Koe(il[ieHT eHepTrOCIIOKUBAHHS, Pe — KOE(DILli€HT MMepeBUIIEHHS POITYCKHOT
3IATHOCTI, a A — peryispu3aniinuii napamerp. PFD-niarpamy onmcaHo sk migMHOXuHy G:
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PFD = {(v;,vj,d; ) Iv;,v; eV, d; D},

ne PFD e G; v;,vj — Bepumnu rpada G; V — MHOox#HHa Beix BepirHa rpada G; dij — xapakrepuctuka
HOTOKY JaHHX MK BepiuuHamu rpada; D — XapakTepucTHKa MMOTOKIB JaHUX.

ODyHKITIOHAT 9aT-00Ta (GOopMaTi3yeEMO K CUCTEMY «3alUT—BIiANMOBINE» YV BUTIAAI QyHKIII ¢, fka Ha
OCHOBI 3amuty («prompt») kopucryBaua Q, rpada G i 6a3u 3HaHb Dipwan TeHepye Biamoiap R:

R=9(Q,G,Dpwan +9).

[Ipomec renepartii R MicTuTh aHami3 koHTeKCTY Q BimHOCHO G 1 CHHTE3 TEXHIYHO-O00TPYHTOBAHOI BiJl-
noBifi 3 ypaxysanusam crierudikn LPWAN. 3anauy ananranii LLM no LPWAN ¢dopmanizyemo sik 3ana-
4y ONTUMI3alil mapameTpiB 0 3 JocIrHeHHAM ekcTpemymy (yHkuii L(0):

L(6) =$ZM1' (fm (%.60). %),

ne M — kinbkicTh mpuknaniB y Dipwan; | — MeTpuka BignoBigHOCTI (GyHKITIOHAT).
Ie 3abe3meduye eKCIEPTHICTh MOAECITI B TEXHIYHIHM TepMiHONOTIT Ta ocobmuBocTsix LPWAN.

TexHoJioTiuHA peastizanisi YaT-00Ta Ta ii0ro CTBOPEHHS i MPAKTHYHE BUNPOOYBaHHSI

OnHUM 13 KITIOYOBHX €TamiB po3po0ieHHs] peKOMeHIaiHoro yar-60ta s npoekryBanHs loT-cucrem
Ha 6a3i LPWAN e cTBopeHHs cremianizoBaHoOro aaraceTy miis qonaBuaHHus LLM. Jlnsg ¢opmyBanHs Ta-
KOT'0 JlaTaceTy 310paHo Kopiyc myOmikarii, mo MictuTh noHaa 300 HayKOBUX CTaTel 3 TEMAaTHKU TEXHO-
noriii LPWAN, ony0GIiikoBaHHX 32 OCTaHHI YOTHPH POKM B MDKHApPOAHUX HAyKOBHX >KypHaiax. [lomat-
KOBO BHKOPHCTaHO iH(opMaIlito 3 oiliiHUX pecypciB MepexeBUX TeXHOJOTiH. [l aBTOMaTH30BaHOTO
(hopMmyBaHHS maTaceTy Ha OCHOBI 3i0paHMX MaTepialiB 3aCTOCOBAHO MPOTPAMHHMA KOJ i3 PEMO3UTOPIs
Augmentoolkit [10]. Ile#t iHcTpyMeHT MpuU3HAYCHUI ISl TEHEPYBaHHS CTPYKTYpPOBAaHUX HaBYAIbHHX
JAaHUX 3 HECTPYKTYPOBaHHX TEKCTOBUX JpKepen 3 BuUKopucTanHsM LLM. Augmentoolkit BukopucraHo
IUTsT 00pOOJIEHHST KOPITyCy IMyOJTiKaIii i3 HayKOBUX CcTaTel 1 OQiIlifHAX JOKYMEHTIB 3 METOIO CTBOPEHHS
nap «3anmuT—BianoBiab», Ha TemaTukKy [oT LPWAN. [Insa Oinbmioi amanTaiii ayrMEHTOBaHHMX JaHUX JIO
MpeaMEeTHOI 00JIaCTi BUKOPUCTOBYIOTHCS crenianbHi madnonu 3anuTiB (Modular Prompts), 3mina mapa-
MmetpiB koH(irypauii (Configurable Settings) Ta inmi momarkosi npuiiomu (Extensible Pipelines), mo
JI03BOJISIE 3a0€3MEeYNTH THYUYKICTh, KOHTPOJIb Ta MAacCHITa0OBaHICTh MPOIECY CTBOPEHHS HABUAIBHUX JIa-
HuXx. [IpyHIMT pOOOTH IHCTpYMEHTa TIOKa3aHO Ha puc. 2

Augmentoolkit - Data

Generation

Generates Question-

o —* A Pipeli —
W= Answer Data
e
Y.
y
4
y
S
yd o - RP Fipeline > Generates Roleplay Data
y

Start: Raw Text Input > Augmentoolkit Processing

Classifier Pipeline | E— Generates Classifier Data

End: Training Dataset
Output

Custu!;r)izé.tion

e Modular Prompts

hN TT— Configurable Settings

T~  Extensible Pipelines

Puc. 2. Ilpuanun podoTy iHCTpYMEHTA I TeHEPYBaHHS CTPYKTYPOBAaHUX HaBUAJIBHHUX JAaHUX
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3i0paHi TEKCTH CErMEHTOBAHO Ha JIOTI4HI OJIOKH, Micis 4oro 3actocoBaHo LLM ms renepyBaHHs pe-
JICBaHTHHX 3allUTaHb Ta BiAmosinei. lle mo3Bonmino aBToMaTH3yBaTH MPOIeC aHOTallil JaHuX, CKOPOTHB-
T TPUBAJTICTD ITiITOTOBKY JIaTaceTy Ta 3a0€3MEUYHBINH BUCOKY SIKICTh TEXHIUHOI iH(opmariii. JlogaTkoBo
Augmentoolkit BUKoprcTaHO IS ayrMeHTAIlil JaHUX IUIIXOM Tepedpa3yBaHHs Ta PO3UIMPEHHS BiIIOBi-
JIeH TS TIBUIIEHHS PI3HOMAHITHOCTI KOPIYCY.

®dopmyBaHHs JaTaceTy 3 BUKopucTaHHsIM Augmentoolkit 3ailicHIOBanIOCS y BipTyaJbHOMY CepeIOBHILI
Conda Environment. OCHOBHOIO BEIMKOIO MOBHOIO MOJEJUTIO Uil 0OpOOJIEHHSI TEKCTIB Ta TeHEpyBaHHS
nanux BuOpano LLaMA 3 8B — wmogzens i3 cimeiicta LLaMA (Large Language Model Meta Al) [11].
LLaMA 3 8B mae apxXiTekTypy 3 8 MiIbspaaMu mapameTpiB, o 3ade3rnedye onTuMaIbHUN 0amaHCc Mix
00YHCITIOBATIFHOI €(EeKTHBHICTIO Ta SKICTIO reHeparlii Tekcry. (i migBUINEHHS MPOIYKTHBHOCTI Ta
3MEHIIIEHHS] BUMOT JI0 OOYHCIIOBAIBHHUX pecypciB mia yac podoru B Conda Environment BUKOPHCTOBY-
Bajacsi KBaHTU30BaHa MOAENb. Takuil MiAXix A03BOMUB €(EKTHBHO BHKOHYBAaTH OOPOOJIEHHS BEIMKHX
00CSTiB TEKCTOBHX JAHWX Ha JIOCTYMTHOMY armapaTHOMy 3a0e3ledyeHHi, 30epirarouu, npu mboMy, JOCTaT-
HIO TOYHICTH TeHepallii. Pe3ynbraroM poOOTH CTano OTpUMaHHs JaTaceTy y (GopMarti «3amuTaHHS—BiJI-
oBizE» (puc. 3).

Question Answer

loT improves quality of life by connecting

0 How does loT improve quality of life and prote... ove

Why are low-power narrow-band (LP-NB) LP-NB protocols, like SigFox, are prone to
protocol... col...

2 What role does IP connectivity play in loT sys...

How can loT sensors achieve low cost and long

Why is long-range communication essential for

IP connectivity is fundamental to loT, allowin...

loT sensors achieve low cost and long battery

Long-range communication is essential in

urban...

Puc. 3. latacet y (hopMarti «3anuTaHHA—BIAMOBIb

HactynHuMm eTamom MiArOTOBKM JaTtaceTy € ToHke HamamtyBanHs (fine-tuning) LLM ans 3a6esme-
yeHHs i1 kommereHTHOCTI B cnenudimi LPWAN. [lng nporo mpoiiecy BUKOPHUCTaHO Ty caMy MOJIEIb
LLaMA 3 8B, sika 3acTocoByBajach Ha eTari ImiArOTOBKM jJataceTy. Bulip 1iel Mojeni a1 TOHKOro Ha-
JAmTyBaHHS OOTPYHTOBAaHWH i1 MoONEpeqHbO0 MPOAYKTUBHICTIO TiJl Yac reHeparii JaTtaceTy, a TaKoX
MO>KJIMBICTIO TTOJAJIBIIOT ONTHUMI3ALI] U TEXHIYHUX 3a/a4.

Haguanust Mmoseni mpoBoauiock y cepeaoruiti Google Colab 3 Bukopucranusm rpadiunoro mporie-
copa NVIDIA Tesla T4. TIpouec fine-tuning 6a3yBaBcs Ha miaroToBieHoMy nataceti Dipwan, SKuil Mic-
TUTb MApH «3alUTaHHA-BIANOBIAb», CPOPMOBaHI Ha MONEPEIHHOMY eTari po3pobienHs. HaBuanus mpo-
BOJIMIIOCH METOJIOM KOHTPOJILOBAHOTO TOHKOTO HamamrtyBauus (supervised fine-tuning), me momens
ONTUMi3yBaa CBOi mapamerpu 0 s MiHiMi3alii QyHKIIT BTpaT MiXK IPOTHO30BAHUMH BiTIOBIJSIMU Ta
[iTLOBUMH BiAMOBixAMH i3 maracery [12]

L(0) =—ﬁzi"ﬂllog P(yil%.0),

Jie Xi — BXITHUHU 3amuT; Yi — OYiKyBaHa BiAmOBias. OnTUMI3AIis 3IHCHIOBANIACH 3a JOTIOMOTOIO aJlTOPH-
™y AdamW 3 MoyaTKOBOIO MBHAKICTIO HaB4aHHA 2-10™ 110 € TUIMOBUM 3HAYEHHSM /IS TOHKOTO Haja-
mryBanHs LLM 3 moctymoBuM 3MmeHIIeHHsIM ais cTabimizanii npouecy [13]. HaBuanHs TpuBamo npots-
roM 6 emox 3 MepioguYHMM 30€peKEHHAM KOHTPOJBHMX TOYOK ISl OLIHIOBaHHS Iporpecy Ta
3ano0iraHHs MepeHaBuaHHIO. Pe3ynpTaToM HaBUaHHS MOJIEINi CTaja HATPEHOBaHAa MOJEIb, sKa 37aTHa
JEMOHCTPYBAaTH BHCOKY KoMmmeTeHTHicTh y muTanHsx [oT ta LPWAN. Ha puc. 4 nogano nopiBHAHHS
BIAMOBI/I HA TMTaHHS CTOcOBHO TexHooriit LPWAN opuriHaasHOI MOJeNi Ta HaTpeHOBaHOI. SIK BUIHO 3
BIJIMIOBi/Ii, TPEHOBaHA MOJIENTh HAJlA€ KOPOTIIE, alle iHPOpPMATHUBHIIIle Ta TOYHIIIE MOSICHEHHS HIXK OPUTi-
HaJIbHA MOJICIIb.

BaxuBUM KOMIIOHEHTOM 3aIllpOTIOHOBAHOI TEXHOJIOTI € aBToMaTH30BaHe ¢opmyBanHs PFD-giarpam
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JUTSL TIpEZICTaBJICHHsI TOTOKIB naHux y loT-cucremax Ha 6a31 LPWAN. 3aBasku npomy minxoay 3adesre-
Yy€eThCsl Bizyalli3allisi apXiTeKTypH Ta TPOLECIB, IO MPOEKTYIOTHCS, HA OCHOBI BBEJCHUX KOPHUCTYBaueM
omuCiB 3aBHaHHs. 1 CHHTE3y KOy, HEOOX1MHOTO JJI CTBOPSHHS TaKHX JliarpaM, BUKOPHCTAHO MOIENb
Gemini-1.5-Flash six Google. Bu6ip 1iei Moeni 3yMOBIEHHI MPAKTHYHUMH JOCITIDKCHHIMH, SKi MOKa-
3au 11 BUCOKY e(eKTHBHICTh y T€Hepallil CTPYKTYpOBaHOTO KOJY MOPIBHIHO 3 HITMMHU CXOXHMH 32 Ma-
pamerpamu LLM. Gemini-1.5-Flash intepnperye TekcToBUil OnHC CHCTEMH, HaJaHUH KOPHCTYBaueM, i
reHepy€e CHHTaKCUYHO TIPAaBUIBHUM KO Tst Bizyamizaiii PFD.

Question:
What is the difference between Sigfox and LoRAWAN?

Answer:
Sigfox is a proprietary, low-power, wide-area network (LPWAN) technology designed for IoT applications requiring long-range,

battery-efficient data transmission.It operates in sub-1 GHz bands, supporting up to 148 messages per day with a 12-second message cycle.

LoRaWAN, on the other hand, is an open-source standard, offering customizable parameters like spreading factors and message sizes.
While both support IoT applications, Sigfox offers fixed parameters and a simpler setup, while LoRaWAN allows users to customize their
network for specific needs.

Response from untrained model:

What is the difference between Sigfox and LoRAWAN? What are the advantages and disadvantages of each? When should I use one over the other?
LoRaWAN is a specification for a low power, wide area networking (LPWAN) system that allows for the transmission of small amounts of data
over long distances. LoRaWAN is a standard and open protocol that can be used by any company that wishes to create a LoRallAN network.
Sigfox is a proprietary technology that uses the LoRaWAN protocel. It is owned by a private company and can only be used by that company.
The advantages of LoRzWAN zre that it is an open standard and can be used by any company. The disadvantages of LoRaWAN are that it is not
as widely available as Sigfox and is not as well knoun.

What is Sigfox?
Sigfox is a French company that provides a low-power wide area network (LPWAN) communication service. The company was founded in 2018 and

Puc. 4. ITopiBHsIHHS BiNOBiel opuriHanpHOI Ta TpeHoBaHoi Mozesni LLM

BaxxmuBrM KOMITOHEHTOM 3aIIpOIIOHOBAHOT TEXHOJIOTIi € aBToMaTn3oBane hopmysanas PFD-miarpam
IUTS TIpeicTaBlieHHs TOTOKIB naHux y loT-cucremax Ha 6a3i LPWAN. 3aBasku npomy minxony 3abesme-
4yeThCS Bi3yanizamis apXiTeKTypH Ta MPOLECIB, IO MPOEKTYIOTHCS, HA OCHOBI BBEJCHUX KOPUCTYyBaueM
OmnuciB 3aBAaHHs. {1 cuHTE3y KOAy, HeOOXiTHOTO AJIsi CTBOPEHHS TaKHX AiarpaM, BUKOPUCTaHO MOZETb
Gemini-1.5-Flash Bix Google. Bubip 11i€i Mojiesi 3yMOBIeHHI MPAKTHYHUMH TOCIIKSHHSIMH, SIKi TIOKa-
3a)d 11 BUCOKY €(DeKTHBHICTh Y TeHepallii CTPyKTypOBaHOTO KOy MTOPIBHSHO 3 IHITUMHU CXOKMMH 32 T1a-
pamerpamu LLM. Gemini-1.5-Flash iaTepnperye TekcTOBHil OMUC CHCTEMH, HalaHWH KOPHUCTYBadeM, i
TeHepy€e CHHTaKCHUYHO TIPaBUIBHUM KO UTst Bizyamizarii PFD.

Jns peamizanii giarpaMm y HOBOMY KOJi BHKOpHCTaHo 0ibmioteky Mermaid.js — Biakputuit
JavaScript-iHcTpyMeHT, sIKHii 103BOJISIE CTBOPIOBATH JiarpaMu Ha OCHOBI TEKCTOBOTO CHHTAKCHCY, TOi0-
Horo 10 Markdown [14]. Mermaid.js BuOpaHo uepe3 HOro mMpocToTy, THYYKICTh 1 MIMPOKY MiATPUMKY B
TEXHIYHUX CIUTBHOTAaX IJIs TE€HEpaIlii CXeM, TaKuX SK 0J0K-cXeMH, 0e3 HeOOXiTHOCTI pydHOoTo TpadidHo-
ro pemaryBanHs. [HTerpamis Mermaid.js y poboumii mpomec Ha Python 3mificHeHa MIITXOM CTBOPEHHS
HTML-cropinku 3 BOynoBanuM kogom Mermaid, sikuii penaeputbest y headless Chrome 3a nonomorozo
Selenium. 3reHepoBanmii kox Mermaid, orpumanwmii Big mojeni Gemini-1.5-Flash, nepenaerbcs B
HTML-daiin, micis yoro aiarpaMa aBTOMaTHYHO Bi3yalli3yeThCsl Ta 30epiraeThes sIK 300paxkeHHs y Gop-
mati PNG 3a noromoroto PIL i Matplotlib.

[Ipouec hopmyBanus PFD-miarpaM BigOyBaeThCs TAKUM YHHOM: KOPHUCTYBAd BBOAWTH KOPOTKHM TEK-
CTOBHUH OIMMC CUCTEMH, SKYy BiH Oakae cmpoekTyBaTd. Hampukian, «loT-cucTtemMa MOHITOPHHTY SIKOCTI
noBiTps Ha 0a3i Sigfox». Mojens anamnisye 1ei onuc i cuHTe3ye kKoa Mermaid.js, skuii BijoOpaxkae KoM-
TIOHEHTH CHUCTEMH Ta MOTOKM JaHMX MK HUMHU. Ha OCHOBI 3reHepoBaHOi AiarpamMu J0JaTKOBO CHHTE3Y-
€TBCSl KOPOTKHUI TEKCTOBHH OMKC MPOLECY, IO MOSICHIOE KITIOYOBI aceKTH (PyHKIIOHYBaHHS CUCTEMHU. Y
pe3ynbTaTi KopuctyBad orpumye sk PFD-miarpamy, Tak i cynmpoBigHUH TEKCT, IO MOJETIIY€E PO3yMiHHS
npoekTHoro pimenns. Ha puc. 5 momano mpuknan kogy Mermaid.js, sreneposanoro mis loT-cucTemu Ha
6asi Sigfox.

V BizyanizoBaniii ¢popmi miarpama BizoOpaskae MOTIK JaHUX y CUCTEMi MOHITOPHHTY SIKOCTi MOBITPSI:
JlaBa4 BUMIPIOE IMapaMeTpH MOBITPs 1 mepenae ix yepe3 Mmoayib Sigfox mo mepexi Sigfox Network. Jlani
HaIXOAATh A0 0a30BOi CTaHIIl, AKa mepecuiae ix Ha XxMapHy miardpopmy. Ha matdopmi nani aexomy-
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10Tk 1 30epirarorbesi. OOpoOIIeHI AaHi CTaloTh JOCTYITHUMH Ha CepBepi JOAATKIB, SIKUH BinoOpaxae ix y
peanpHOMY Yaci yepe3 inTepdeiic kKopucTyBada, BKIIOTHO 31 CIIOBIIIEHHSIMH.

graph TD
A[Start: IoT Air Quality Monitoring System] --» B[Air Quality Sensors]

1

2

3

4 subgraph Sensor Data Collection
5 B --» B1[PM2.5/PM1& Sensor]
[ B --> B2[CD2 Sensor]

7 B --> B3[NO2 Sensor]

8 B --> B4[Temperature Sensor]
9 B --> BS[Humidity Sensor]

1@ end

11

12 B --»> C[Microcontroller Unit]
13

14 subgraph Data Processing

15 C --> Cl[Analog-to-Digital Conversion]
16 C --> C2[Data Validation]
17 C --» C3[Data Packaging]
18 end

19

28 C --> D[Sigfox Module]

Puc. 5. ®parment xoxy Marmaid.js mist hpopmysanus PDF-miarpamu

Ha puc. 6 nogano npuknan Bizyanizauii ¢pparmenta PFD-npiarpamu.

Maintenance A
Deevice Monitaring Poaweer Supy
i — i Data Procesing gt
Ertor Repoeting Firmmare Updates Health Chacks b Micocontoller Unit ®° ) Puwes Dplimization
: i Sigfax Communication
1 L] T
Analog-to-Digital
Diata Packaging Diata Vilidation e *  Sigfox Module
Comversion
]
Sgfux Natwork Low-Powes Transmizsion
¢ Cloud Processing
Sigfox Clovd
User Interface 3 ' 4
Application Layer ¥ AP| Intesgration Data Starage Dista Decoding
" 1 T 1 T T
Enc: User Access Histarical Analysis Alerts & Hotifications Data Visualization Mchite App ‘Web Dashboard

Puc. 6. Ilpuknan Bizyamizamii pparmenra PFD-giarpamu, 3reHepoBaHoi 3alpONIOHOBAHAM METOJIOM
st loT-cuctemu Ha 6a3i LPWAN

Takuli migxin 3a0e3neuye MBUAKE W aBTOMaTH30BaHe cTBopeHHs PFD-miarpam, inTerpyrouu reHepa-
TUBHI MOJIEJIi Ta IHCTPYMEHTH Bi3yallizallii, 0 € OCHOBOIO JJIsl MOAAJNBIIOI iIHTePaKTUBHOI poOOTH Yart-
00Ta 3 KOPUCTYBAYEM.

3aKIIIOYHUM €TarloM TEXHOJIOTI] € CTBOPEHHS PeKOMEHAALIHOT0 YaT-00Ta, KU 1HTerpye pe3yabTaTi
MIOTIEPE/IHIX €TalliB B €IMHY CUCTEMY IS IHTEpaKTUBHOI MiATPUMKH TpoekTyBaHHS loT-cuctem Ha Oasi
LPWAN. Yar-60T po3pobiieHO SIK iHTEeNeKTyallbHUN iHTepdeiic, mo 3abesnedye JOCTyI A0 3reHepoBa-
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HUX MPOEKTHUX MaTepialiB i crieniaaizoBaHux 3HaHb mpo LPWAN, Hajgaroun KOpUCTyBayaM YiTKi, CTPY-
KTYpOBaHi BiJIIOBi/i Ha 3alIUTH B pealbHOMY 4aci. Yar-00T iHTerpye JBa KIIOYOBUX KOMIOHEHTHU: I'eHe-
partito PFD-nmiarpam Ta 6a3y 3HaHb, chopMOBaHy 3 HAyKOBUX cTarei i cnerudikamiii LPWAN. Kopucry-
Bay BBOJHTH TEKCTOBHUH OIMC CHCTEMH, ITICIS YOr0 4aT-00T akTuBye mporec cuHtesy PFD-miarpamu i
rmoBepTae rpadivyHy Bizyalli3alilo pa3oM 3 TEKCTOBUM ONHCOM. J[0IaTKOBO 4aT-0O0T 3[aTeH BiAIIOBigaTH
Ha YTOYHIOBaNbHI 3anuTanHs. Ha puc. 7 moka3zaHo MpHKIIaJ BUKOPHCTaHHS 4aT-00Ta 3i CIPOLICHUM BU-
BegeHHsM PFD-aiarpamu.

Taxwuii miaxXig JO3BOJIsIE€ YaT-00Ty BUCTYIATH HE JIMINE K IHCTPYMEHT T'eHepallil IPOEKTHUX Marepia-
B, aJle ¥ K eKCIepTHA CHCTEeMa, IO MOJIeTITye aHam3 i onTumizaiiro loT-cucteM 3 ypaxyBaHHAM cIie-
mudiku LPWAN. JlemoncTpaliisi pobotu yat-60Ta (puc. 7) mokasye HOro 37aTHICTh 0OPOOISATH 3amUTH
Ta HaJlaBaTH KOMITJICKCHI BiMOBil, TOETHYIOUN TEKCTOBY iH(pOPMAIIit0 3 Bi3yaTbHIMH CXEMaMHU.

Chatbot is ready! Type 'exit' to end the conversation.
If your input starts with 'I want to creste...', @ flowchart will be generated.
You: I want te create IoT air quality monitoring system based cn sigfox

User Interface

Dala Invalid>—»  Exror Handing Al Generation

£Y
L

Sensor ——»  SensofNode ——s  SigloxNetwork ——= DalaTransmission —* R

Data Valid?—»  Data Processing +  Daia Storage »  Data Analysis

Explanation:

The system begins with user interaction via a user interface

Receved data is validated; valid data flows to processing, then storage, and finally analysis

Analysis results trigger alerts which are displayed on the user interface

Invalid data is routed to an error handling module

separately, sensor data is collected by a sensor node, transmitted via a sigfox network, and then integrated into the data received by the system

The entire process forms a closed loop with data flowing from sensors, through the metwerk and processing stages, and finally back to the user interface with alerts.

Chatbot: Diagram generated. How can I assist you further?
You: How to optimize the system architecture to ensure maximum battery life of devices when using the Sigfox network?
Chathot:
The system architecture should be optimized to minimize power consumption during device sleep cycles and data transmission phases
This can be achieved by selecting efficient sleep modes, using low-power data transmission protocols, and reducing unnecessary device activity
Mdditionally, selecting appropriate communication protocols and network topelegies can also help to optimize battery life.
You: What Sigfox limitations (e.g. message size or data rate) should be considered when designing a real-time menitoring system?
Chathot:
Sigfox limitations include a 12-byte payload, 180-382 bps data rate, and a &8-second retransmission window
These limitaticns can impact real-time moniforing systems by restricting the amount of data that can be transmitfed, the frequency of updates, and the system's overall responsiveness.
You: How best to organize communication between Sigfox medules and a cloud platform for storing and analyzing air quality data?
Chathot:
sigfox modules should be configured to send air guality data to a sigfox cloud, which then forwards it to a third-party cloud for storage and analysis
This ensures efficient data transmission and enables centralized data management for air quality monitoring projects.
You: Are there recommended approaches to processing and aggregating data on the device side before sending it via Sigfox to reduce the amount of transmission?
Chathot:
The Sigfox platform allows for the aggregation of small messages into one larger message, which can reduce the number of transmissions and thus power consumption on the device side
This is especially useful for applications that generate frequent, small data transmissions, such as environmental monitoring or asset tracking
By aggregating data, devices can transmit less frequently, which can significantly prolong battery life and reduce cverall power consumption
However, it is crucial to consider the trade-off between data aggregation and real-time responsiveness, as aggregated data may be delayed and not suitable for applications requiring immediate updates
You: exit
Chathot: Goodbye!

Puc. 7. [lpuknaz 3acTocyBaHHS peKOMEHIAIIIHOTO YaT-00Ta

BucnoBku

Y nockoHaeHo mpouec aBToMaTu3auii npoektyBanHs loT-cuctem Ha 6a3i LPWAN mmsixom po3po6-
JICHHSI TEXHOJIOTii CTBOPEHHS PEKOMEHJAIIHOTO YaT-00Ta, KMl BUKOPHCTOBYE BEJMKI MOBHI MOJIEII,
JUIs TeHepartii apxitekrypu, PFD-miarpam (y rpadidHOMY i TEKCTOBOMY BHIJISMI) 1 HAZaHHSI KOHCYJIbTA-
TUBHOI MiATPUMKH (DaxiBIaM. BUKOHAHO KOMILJICKC 3aBJaHb: 310paHo Ta 00pOOJICHO KOPITyC MmyOJTiKallii 3
HayKoBUX Jikepen Ta cnerudikaniii LPWAN, npoBeneHo crnemianizoBaHe JOHABYaHHS MOBHOI MOJEII
IUst 3a0e3nedeHHs 11 komreTeHTHOCTI y cdepi 10T LPWAN, peanizoBaHO aBTOMaTUYHE CTBOPEHHS CTPY-
KTYypOBaHHX JliarpaM MOTOKIB JJAHWX HA OCHOBI TEKCTOBUX OIHKCIB KopHcTyBadiB. Po3pobienuii yar-60t
IHTETrpye€ Wi pe3ybTaTH, JO3BOJISIOUN TeHepyBaTH MPOEKTHI MaTepiaiu Ta HaJaBaTH YiTKi, CTPYKTYpOBaHi
BI/IMIOBI/II Ha 3aIUTH KOPHCTYBAUiB y PEXKHUMI PEaNbHOTO 4acy, 0 CYTTEBO MOJIETIIYE TPOIEC MPOEKTY-
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BaHH# [oT-cucrem Ha 6a3i LPWAN.

IlepcriekTHBY BIOCKOHAJICHHSI TEXHOJIOTIi TIOB’s3aHI 3 MOKJIMBICTIO TOHABYAHHS MOBHOI MOJEN Ha
HOBHX Ha0opax JaHuX, M0 PO3MHMPIOIOTh ii 3HaHHA Mpo LPWAN Tta [oT. OHoBneHHs 6a3u 3HaHb aKTya-
JEHUMH JOCTPKEHHSAME Ta IPAaKTHYHUMH MTPUKJIAaMHA MOKEe TiABUIUTH TOYHICTh TeHEepallii MPOEKTHIX
MaTrepiaiiB 1 peeBaHTHICTh PEKOMEHAAIIHM, aTanTyIoun 9aT-00T A0 CKJIQJHININX CIICHAPiiB BUKOPHUCTAH-
Hs. Takuit migxin (RAG-pexxuM poboT yar-60Ta) CIPUATHME PO3BUTKY HOTO (PYHKIIIOHAIBHOCTI SIK SKC-
MEPTHOI CHCTEMH, 31aTHOT MiATPUMYBATH iH)KEHEPIB Y pO3B’A3aHHI PI3HOMAHITHUX 33/ad4, OB’ SI3aHUX 3
eHeproe()eKTUBHICTIO Ta ONTHMI3AIli€l0 MOTOKIB JJAHHX.

Po3pobiena TexHoorist Mae TOTEHIIaN JJIsl MacliTaOyBaHHs Ha iHIII MepekeBi TexHouorii [oT, mo
He BigHOCAThCs 10 LPWAN, 3aBIsikM THYYKOCTI 3alpOIOHOBAHOTO MiAXOMy. AjanTailis J0 Crerudiku
IBTEPHATUBHUX MPOTOKOIIB 3B’ 53Ky JIO3BOJIUTH PO3IIMPHUTU Cepy 3acCTOCYBaHHS 4aT-00Ta, OXOILIIOIO-
9u MUAPOKUH crekTp [oT-cucTem 3 pi3HUMH TEXHIYHHIMH BUMOTaMH. TaKuM YHUHOM, I poOOTa HE JIUIIIE
po3B’s3ye 3amady aBToMarm3allii mpoektyBanHs LPWAN-cuctem, aie it cTBOpPIOE OCHOBY JUTsl YHIBEpCa-
JILHOTO IHCTPYMEHTA IiITPUMKH iHXXEHEPHUX pillieHs y cepi [HTepHETY pedeid, BiIKpHUBAIOYH MOKIUBO-
CTi JUIs1 TOAAJIBIIMX JOCTIKEHB 1 IPAKTUYIHOTO BIIPOBAIXKEHHS.
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Technology for Developing a Recommendation Chatbot Based
on Large Language Models for 10T System Design

WVinnytsia National Technical University

Modern development of information technologies, particularly the Internet of Things (1oT), opens new opportunities for
automating the design of systems operating on low-power wide-area networks (LPWAN). This requires novel approaches to
developing the architecture of such systems and selecting technological solutions that account for the specific conditions of
their use. The study utilized large language models (LLM) to create a chatbot that provides recommendations. The model
was trained on a large dataset collected from scientific articles and technical documents related to LPWAN. Additionally,
automated generation of structured materials for system design was implemented, considering the specific features of such
networks. Main results include highly detailed and formalized stages of the developed technology, which enables the auto-
matic formation of 10T system architectures and corresponding process flow diagrams (PFDs) based on user-provided tex-
tual descriptions. Key LPWAN characteristics and constraints, such as low power consumption, extensive but not unlimited
coverage, and limited bandwidth, were taken into account. This is crucial for building efficient and scalable solutions. An
approach to adapting the language model to specialized LPWAN terminology and context was developed. Techniques for
dataset augmentation were described, leveraging specialized libraries and methods. As a result, the chatbot can provide
accurate and professional advice, valuable for technical specialists. For instance, it suggests optimal data transmission
methods under constraints on message size or transmission frequency. The quality of responses to complex technical ques-
tions has significantly improved compared to baseline model versions. Additionally, automated graphical visualization of
data flows in the form of PFDs was implemented, facilitating understanding of system structure and processes. This en-
hances analysis and decision-making. Future research prospects involve refining the technology by expanding the
knowledge base with up-to-date data and adapting it to other 10T protocols to ensure broader applicability and functionality.

Keywords: Internet of Things (loT), large language models (LLM), recommendation chatbot, LPWAN, system design, IT
infrastructure, PFD diagrams, information technology, information system architecture, technical support.
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