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AHOTAIISA

Brnockonanennss Benmmkoi MoBHOI Momeni (Large Language Model - LLM) mns
OTIpaIlfOBaHHS TEKCTy 3acobamu IITy4yHOro iHTenekty // Ksamidikariiina poOota
ocBiTHboro piBHA "bakamaBp" // Copoupkuit Poman MuxaitnoBuu // TepHOMIIbCHKHIA
HAI[IOHAJIbHUN TEXHIYHMNA yHiBepcuTeT iMeHi [Bana Ilymios, ¢akynpreT KOMIT'IOTEPHO-
iHpopMaLITHUX CUCTEM 1 MPOrpaMHOI 1HXKeHepii, Kadeapa KOMIT IOTEPHUX HayK, Ipyla

CTc-41 // Tepuomins, 2024 // c. —48, puc. — 10, xpecn. — 10, 6i6miorp. — 15.

KirouoBi cmoBa: NLP, LLM, noxkpamienns LLM; anropurmu HaBYaHHS;, MOJEII

apXITEKTYpH.

[Tokpamennas Mmoaeneit Benukux MoBHUX Mmojeiel (LLM) € kirouoBUM HapsIMKOM
CyyacHUX JOCII/DKEHb B raiy3l mTydHoro iHtenekry. Lli momeni, Taki sk GPT-4,
JIEMOHCTPYIOTh 3HA4YH1 YCIIXU y TeHepallii TeKCTY, pO3yMiHHI MPUPOTHOT MOBH Ta IHIIUX
3aBAAHHAX, MPOTE 3aBXKIU € MPOCTIP Mg BIOCKOHaNeHHs. OCh KiJbKa HamNpsIMKIB, HaJ
SKUMU TIPAITIOIOTh TOCTIAHUKY Ta 1HXeHepH 1S mokpaimienns LLM-monenei:

1. IligBumeHHST SAKOCTI JaHWX JUI1 HaBYaHHA: JSIKICTH BHUXIOHHX JaHUX Mae€
BUpIIIaNbHE 3Ha4eHHS g edexktuBHOcTi LLM. BukopucrtanHs OUIbII YHUCTHX,
CTPYKTYPOBaHUX Ta PI3HOMAHITHUX HAOOPIB IaHUX JOTIOMAra€e MOJIEISIM Kpalle po3yMiTH
KOHTEKCT 1 CTBOPIOBATU OUIbIII TOYHI BiiMOBiAl. KpiM Toro, akTuBHe HaBYaHHS, /1€ MOJEIb
B3a€EMOJI€ 3 KOPUCTyBayaMu JJis 30MpaHHS 3BOPOTHOTO 3B'SI3KY, TaKOX CIIPHUSE
HOKPAILIEHHIO.

2. OnTumizaiiss apXiTeKTypu Mojesnei: 3MIHM B apXITEKTypl MoJeiell MOXYTh
3HAYHO BIUIMHYTH Ha iX MpOXyKTUBHICTh. Hampukian, BBeIeHHS HOBHX THIIIB IIapiB abo
MEXaHI3MIB yBaru, siki JI03BOJISIFOTh MOJIEN1 Kpalle (POKyCyBaTHCs Ha BaXKIJIMBUX YAaCTUHAX
BXIJTHOTO TEKCTY, MOXE TMOKPAIIUTH PE3ylIbTaTh. TakKoXK TOCHIKYIOTbCS METOIU
3MEHIIICHHS PO3MIpYy Mojieliel 0e3 BTpaTu SKOCTI, 10 3HIKYE BUTPATU Ha OOYMCIICHHS.

3. TlokparmieHHs aJTOPUTMIB HaBYaHHS: BHKOpHCTaHHS BIOCKOHAJICHUX METOIIB

ONTHMI3All Ta peryaspuszaiii MoXe IONOMOITH Y HaBYaHHI OUIbII CTaOUIBHUX 1
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y3arajibHIOuuX Mmojenei. Hanpuknan, metoau, taki sk Dropout 1 Data Augmentation,
MOXKYTb 3a100iraTi nepeHaBuYaHHIO 1 MiABUIIYBATH 3arajbHy IPOAYKTUBHICTH MOJIEIII.

4. Inrerpartis 3HaHb Ta Joriku: OgHUM 13 crIoc001B miaBUILIeHHS edekTuBHOCTI LLM
€ 1HTerpallis 30BHIIHIX 3HAHb Ta JIOTIYHUX BUCHOBKIB. BukopucranHs 0a3 3HaHb Ta
OHTOJIOT1A MOXKE JIOMOMOTTH MOJETSM Kpalle PO3yMITH KOHTEKCT 1 3A1MCHIOBAaTH OLIBII
TOYHI MPOTHO3HU.

5. 3amkeHHs ynepempkenb: LLM 4acTto MOXXYTh BUSIBIIATH YIEPEHKEHHS, IPUCYTHI
y BUXIJHUX JaHuX. Po3poOka METOMIB JIJIsl BUSIBJICHHS Ta 3HM)KEHHS TaKUX YIIEPEIKEHb €
BaYKJIMBUM aCIIEKTOM MOKpalieHHs Mojeneil. [le Bkitouae sik monepeaHio 00poOKy NaHUX,
TaK 1 po3po0OKy aJrOpUTMIB, SIKI BpaXOBYIOTh €TUYHI Ta COLIAJIbHI ACIIEKTH.

6. 3acrtocyBaHHs y pizHux nomeHax: [lokpamenns LLM Takox momsrae y ix
aganTamii Ui crnenudiuHUX Traily3ei, Takux SK MeIulMHa, TpaBo abo QiHaHCH.
CrnemianizoBaHi MojieNli, HAaBYCHI Ha JOMEHHHX JaHUX, MOXYTh TMOKa3yBaTH Kpalil
pe3yJbTaTH y BIJIMOBITHUX KOHTEKCTAX.

TakuM 9YMHOM, TTOKPAIICHHS BEJIMKUX MOBHHUX MOJIEJICH € KOMIUICKCHUM 3aBIaHHSM,
IO OXOIUTIOE SIK TEXHOJOTIYHI acleKTH, TaK 1 eTuuHi MipkyBaHHs. [locTiitHuit mporpec y
I ramy3i CIpUsiE CTBOPEHHIO OUIBII MOTYXKHUX, TOYHUX Ta €TUYHO BIANOBIAATBHUX

MoJieNieH, sIKI MOXKYTb OyTH KOPUCHUMH B PI3HUX cPepax KUTTS.



ANNOTATION

Improvement of the Large Language Model (LLM) for Text Processing by Means of
Artificial Intelligence // Qualification work of the educational level "Bachelor" // Sorotskyi
Roman// Ternopil Ivan Puluj National Technical University, Faculty of Computer
Information Systems and Software Engineering, Department of Computer Science, Group

CTc-41 // Ternopil, 2024 // p. — 48, fig. — 10, references — 15, posters — 10.

Keywords: NLP, LLM, LLM tuning; learning algorithms; models architecture.

Improving large language models (LLMs) is a key focus in the field of artificial
intelligence research. These models, such as GPT-4, demonstrate significant success in text
generation, natural language understanding, and other tasks, but there is always room for
enhancement. Here are several areas researchers and engineers are working on to improve
LLMs:

1. Enhancing Training Data Quality: The quality of the training data is crucial for the
effectiveness of LLMs. Using cleaner, more structured, and diverse datasets helps models
better understand context and generate more accurate responses. Additionally, active
learning, where the model interacts with users to gather feedback, also contributes to
improvement.

2. Optimizing Model Architecture: Changes in model architecture can significantly
impact performance. For instance, introducing new types of layers or attention mechanisms
that allow the model to better focus on important parts of the input text can improve
outcomes. Researchers are also exploring methods to reduce model size without
compromising quality, thereby lowering computational costs.

3. Improving Training Algorithms: Utilizing advanced optimization and
regularization methods can help train more stable and generalizable models. Techniques
like dropout and data augmentation can prevent overfitting and enhance overall model

performance.
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4. Integrating Knowledge and Logic: One way to enhance LLMs is by integrating
external knowledge and logical reasoning. Using knowledge bases and ontologies can help
models better understand context and make more accurate predictions.

5. Reducing Bias: LLMs often exhibit biases present in the training data. Developing
methods to detect and mitigate these biases is an important aspect of improving models.
This includes both preprocessing data and designing algorithms that consider ethical and
social factors.

6. Application in Various Domains: Improving LLMs also involves adapting them
for specific fields such as medicine, law, or finance. Specialized models trained on domain-
specific data can deliver better results in their respective contexts.

Thus, improving large language models is a multifaceted task that encompasses both
technological and ethical considerations. Ongoing progress in this field contributes to the
creation of more powerful, accurate, and ethically responsible models that can be beneficial

1n various areas of life.
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BCTYII

Bemuki moBHI momem (LLM), ski AeMOHCTPYIOTh PO3MIUPEHI MOXJIMBOCTI Ta
CKJIaJIH1 PIIICHHS, 3pO0HIN PEBOIIOLIIO B rairy3i 00poOku npupoaHoi MmoBu. HarpenoBaHi
Ha OOMMPHUX HAOOpaxX TEKCTOBUX JaHUX, 11l MOJAEII BIAMIHHO CHPABISIOTHCS 3 TAaKUMH
3aBIAHHSIMH, K CTBOPEHHS TEKCTY, MEPEKIIaJl, y3araJbHCHHS Ta BiJANOBIAl HA 3allUTAHHS.
HesBaxaroun Ha CBOIO TOTYXHICTh, LLMs He 3aBXIu MOXYTh Yy3rOMKyBaTUCS 3
KOHKPETHUMH 3aBIaHHSIMH YM JOMEHaMHU. [IMTaHHSMU IOCIIKEHb BEIMKUX MOBHUX
moneneit 3aiimanuck B THTY, nanpuxian, B poooti [1].

VY naHiii pobOTI MM JIOCHIAMMO, SIK TOHKE HanamTyBanHs LLM Moxke 3HauHO
MOKPAIUTH MPOIYKTUBHICTh MOJIET, 3MEHIIINTH BUTPATH HA HAaBYaHHS Ta 3a0e3MEUnTH
OUIBIII TOYH1 PE3YIBTATH, 110 3AJIEKATh Bl KOHTEKCTY.

Benuka moBHa mozens (LLM) — e Tun nporpamu mry4soro inrenekry (L), sika,
cepen IHIIUX 3aBlaHb, MOXKE PO3IMI3HABaTH Ta reHepyBaTH TekcT. LLM HaBuaioTbcs Ha
BEJIMYE3HUX Habopax JaHUX — 3BiACH M Ha3Ba «Benukuit». LLM moOymoBaHi Ha OCHOBI
MaITUHHOTO HABYAaHHSI: 30KpeMa, THUIy HEHPOHHOI MEpexi, sKa HA3MBAETHCS MOJCIIIIO
TpaHchopmepa.

[Tpocrime kaxyuu, LLM — 11e xomm’roTepHa mporpama, sika HaOpayia 1I0CTaTHbO
MPUKIAAIB, 00 MaTH MOXJIMBICTh PO3MI3HABATH Ta IHTEPIIPETYBATHU JIIOJACHKY MOBY YH
1HIII THUMH CKJIAAHUX JaHUX. SIKICTh 3pa3KiB BIUIMBA€E Ha Te, HacKuibku no0pe LLM
BUBYATHMYTbh TIPUPOIHY MOBY, TOMY TiporpamicTd LLM MOXyTh BUKOPUCTOBYBATH OLITBIII
peTenbHO miaiopanuii Habip JaHUX.

LLM BUKOpHUCTOBYIOTh THI MAIIMHHOTO HABYaHHS, KU HA3UBAETHCSA TITMOOKUM
HAaBYaHHSAM, 00 3pO3yMITH, SIK CHMBOJIM, CJIOBAa Ta pPE€YEHHS (YHKI[IOHYIOTH pPa3oM.
[muboke HaBuaHHS mependadae IMOBIPHICHUN aHaji3 HECTPYKTYpOBAaHUX JaHUX, IO
3pEIITOI0 J03BOJSIE MOJEAl DIMOOKOTO HaBYaHHS PO3MI3HABATH BIAMIHHOCTI MIX
dbparmMeHTamMu BMICTY 0€3 BTpyUYaHHS JIONUHH.

bynp-sikuii  Benmukwii, CKIagHUN HAOIp MaHUX MOXKe OyTH BHUKOPUCTaHUHN ISt
HaByaHHs LLM, Bkimouaroun mMoBM mporpamyBaHHsA. Jleski LLM MoOxyTh AONOMOITH

mporpamictaM HamucaTd Koja. BoHM MOXyTh TucaTd (QyHKIT 3a 3amuroM — aoo,
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OTpUMAaBIIM JESKUN KOJA SK BIANPABHY TOUYKY, BOHM MOXYTh 3aKIHUUTU HalHUCaHHS
nporpamu. LLM Takox MOKHa BUKOPUCTOBYBATH B TAKMX 3a7a4ax:
—  aHaJli3 eMOIIHOTO CTaHy;

—  nmocmimkenns JJHK;

00CITyroByBaHHS KJII€HTIB;

—  4ar-00THu;

—  OHJIAMH IOILIYK.

[Mpuknagamu peansuux LLM e ChatGPT (Binm OpenAl), Bard (Google), Llama
(Meta) 1 Bing Chat (Microsoft). Inmum npuxknagom € Copilot Big GitHub, ane mis

IIPOIPaMHOI0 KOAY, a4 HE IIPUPOIHO] JIFOACHKOI MOBU.
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1AHAJII3 NIPEAMETHOI OBJIACTI

1.1 IlepeBaru Ta o0mexennss LLM

KirouoBoro xapakrepuctrkoro LLM € iX 31aTHICTD BIJIIOBIIaTH Ha HeTlepe0adyBaHi
3anmuTU. TpajuiliiiHa KOMIT'IOTEpHAa TIporpamMa OTPUMYE KOMaHIU VY MPUIHHATOMY
CHUHTaKcHuci ab0 3 TEBHOTO HA0Opy BXITHWUX JaHWUX Bia KOopuCTyBada. Bigeorpa mae
oOMeXxeHul Ha01p KHOTIOK, ITporpaMa Ma€ KiHIleBUi Habip aTpulyTiB, K1 KOPUCTYBau MOXKE
KJ1ariati abo BBOJUTH, @ MOBa MPOTpaMyBaHHs CKJIAIA€ThCS 3 TOUHUX orneparopis if/then.

HaBmaku, LLM Moxxe pearyBaTu Ha IPUPOJIHY JIOACHKY MOBY Ta BUKOPHUCTOBYBATH
aHai3 JaHuX, 1100 BIAMOBICTH HAa HECTPYKTYpPOBAHE 3alUTaHHS Yd MIJKa3Ky y CIOCIO,
KA Ma€ ceHC. Y TOM yac SIK 3BHYaifHa KOMIT FOTEpHA MporpamMa He po3Mi3Hae MiKa3Ky Ha
KIITaNT «SKi 4OTHPU HaMBUAATHIIII POK-TYpTH B icTopii?», a LLM Moxke BiImoBiCTH
CIIMCKOM 13 YOTHUPHOX TaKUX T'YPTIB 1 JOCUTh NEPEKOHIMBUM OOIPYHTYBaHHSIM TOTO, HOMY
BOHU HalKpariii.

[Ipote 3 Touku 30py iH(OpMaIlii, siky BOHU HaAaroTh, LLM MOXyTh OyTH HaCTIIbKU
K HaJIIMHUMU, HACKUIbKM HAAIWHUMM € JaHi, SKi BOHHM OTPUMYIOTh. SIKIO HajgaTu
HEMpaBAKUBY 1HPOPMAIlit0, BOHU HAJaAyTh HEMPAaBIUBY 1H()OPMAIIiIO Y BIATIOBIIb HA 3aTUTH
kopuctyBadiB. LILM Takox 1HOAI «raJdlOUMHYIOTE»: BOHU CTBOPIOIOTH (DaJIbIIUBY
iH(popMallito, KOJIM He MOXKYTh J1aTW TOYHY BianoBiab. Hanpuxnan, y 2022 poui BHUITyCK
HoBuH Fast Company 3anuraB ChatGPT npo momnepenniii gpiHaHCOBUI KBapTana KOMIaHi
Tesla; y Toii yac sax ChatGPT HanmaB mocnijoBHy HOBUHHY CTATTIO Y BIJINIOBi/b, Oaratro
iH(dopMmarlii B Hii OyJI0 BUTAIaHO.

3 TOuKM 30py O€3MeKH, MpU3HAUCHI JIsl KOPUCTyBava mporpamu Ha ocHoBl LLM Ttak
caMO CXWJIbHI JI0 TOMMJIOK, K 1 Oyap-aki 1Hmi mporpamu. LLM Takox MokHa
MaHIMMyJIIOBaTH 3a JIOMIOMOTOI0 3JI0BMHCHHX JaHUX, 00 3a0e3Me4nTH TEeBHI THUIU
BIJITOBIACH 3aMICTh 1HIITNX, BKJIFOYAOYHX BIJIIOBIII, SIKI € HeOe3IIeUHMMHU a00 HECTHYHUMH.

Ha nonauy onna 3 mpoGnem 6e3nexu LLM nosnsirae B Tomy, 1110 KOPUCTYBadi MOXKYTh
3aBaHTaXyBaTW B HHUX Oe3ne4yHl KOH(IACHIINHI JaHl, MO0 MIABUIIUTH BIIACHY

npoAyKTUBHICTh. Ane LLM BUKOpHUCTOBYIOTH OTpHMAaHi BXIJIHI AaHl AJis MOJAIbIIOTO
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HaBYaHHS CBOIX MOI[@J'I@I\/’I, 1 BOHH HE CTBOpCHi IK Oe3meuHi CXOBHUIIId, BOHH MOXYTb

pO3KpHUBaTy KOH(D1IEHIIIHHI JaHl y BIAMOBIIb HAa 3alIUTH 1HIINX KOPUCTYBaUiB.

1.2 Npunuun ¢pyaxuionyBanus LLM

Ha 6a3oBomy piBHi mporpamu LLM mnoOynoBani Ha MallMHHOMY HaBYaHHI.
MarmuHHe HaBYaHHS € TT1IMHOKWHOIO IITy9HOTO 1HTEJIEKTY, 1 BOHO CTOCYETHCS MPAKTUKHU
neperadi B MporpamMy BEJIMKUX OOCSTIB JaHMX, 1100 HABYUTU NPOrpaMmy BU3HAYaTH
0COOIMBOCTI IIMX AaHUX 0€3 BTpy4YaHHS JIOAUHH.

LLM BUKOpHUCTOBYIOTh THI MAIIMHHOTO HABYaHHS, KU HA3UBAETHCSA TTIMOOKUM
HaBYaHHAM. Mojeni mMOOKOro HaBYAaHHS MOXKYTh IO CyTi HAaBUMUTHUCS PO3II3HABATH
BIIMIHHOCTI 0€3 BTpPYYaHHs JIIOAWHM, XOo4a 3a3BUYail HEOOXIJHE [IeSIKE TOHKE
HaJalITyBaHHS JIOIUHOIO.

I'mnboke HaBYaHHS BUKOPUCTOBYE WMOBIPHICTb, 100 «HaBuaTucs». Hanpuknan, y
peuenni «llIBuaka Oypa mucuill nepecTpuOHyla Jenadoro Iica» HalyacTiie
3YCTPIYAIOTHCS JITEPU «I» 1 «a», KOXKHA 3 SKUX 3yCTPIYA€ThCS M0 YOTUPU pasu. 3 1bOTO
MOJI€Nb TIIMOOKOTO HaBYaHHA MOXeE 3pOOUTH (IIPaBUIIbHUI) BUCHOBOK, 11O 1[I CUMBOJIH €
OJTHUMHM 3 HaWOLIbIII KMOBIPHUX JIJIS TTOSIBH B TEKCTI.

PeanbHO Kaxkyuu, MoJielb IMOOKOTO HAaBYAHHSI HE MOXKE HIYOTO 3pOOUTH 3 OJTHOTO
pedeHHs. AJie micas aHali3y TPUJIBHOHIB pEYeHb BIH MOXKE HABUUTHUCA JOCTATHHO, II00
nependauynTy, SK JIOTIYHO 3aKIHYUTH HEMOBHE PEUeHHs, a00 HaBiTh CTBOPUTH BJAaCHI
PEYCHHS.

Tonke nanamryBannas LLM nepen6auae nonaTkoBe HaBYaHHS MOMEPEAHBO 1ICHYOUOT
MOJZeNll, SKa paHile oTpuMaia maldmoHu Ta (QyHKIII 3 BEIUKOTO Ha0Opy JJIaHWX,
BUKOPHUCTOBYIOUM MEHIIUN Ha0lp JaHUX ISl KOHKPETHOI 001acTi. ¥ KOHTEKCTI «TOYHOTO
HanamryBanHs LLM» LLM mno3nagae «mojenb BeanKkoi MoBW», Taky sik cepis GPT Bin
OpenAl. et nmiaxig Mae BaxJIMBE 3HAYCHHS, OCKIJIbKM HaBYaHHSI BEJIMKOT MOBHOT MOJIEI
3 HyJISL € Ty’€E PECYpPCOMICTKUM 3 TOUKH 30pY SIK 0OUMCIIIOBATIBLHOI MOTYKHOCTI, TaK 1 4acy.
Buxopucranus HasBHUX 3HaHb, BOYJOBAaHHX y TMOIMEPEIHHO HABUYEHY MOJECINb, JO3BOJISE
JOCATTA BHUCOKOI NMPOAYKTUBHOCTI B KOHKPETHHMX 3aBIaHHAX 13 CYTTEBO 3MEHIICHUMH

BUMOTaMH JI0 JaHUX 1 o0uucieHs (aus. puc. 1.1).
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Pucynoxk 1.1 — Tonka nactporika LLM

Otxe, mogeni LLM nonaTkoBO HaBYaIOTHCS 3@ JIOMOMOTOIO0 HaJaIlTyBaHHS: BOHU
TOYHO HAJIAIITOBYIOTbCA 3a JIONOMOIOK0 MEXaHI3MIB IIOKpalleHHs a00 Ha OCHOBI
J1aJIOTOBOTO PEXMMY Ha KOHKPETHE 3aBJaHHSA, SKE XO0ue BHUKOHYBAaTH TMPOTPAMICT,
HaNpUKJIaJ] IHTepIpeTalis 3aiuTaHb 1 TeHEepyBaHHsS BIANOBIAEH a00 mepekiiaJl TEKCTy 3
OJTHI€T MOBH Ha 1HIILY.

LLM MoOXHa HaBUMTM BUKOHYBaTH HU3KY 3aBaaHb. OHUM 13 HaAWBIJOMIMIMX
3aCTOCYBaHb € iX 3aCTOCYBaHHS SIK TEHEPATUBHOI'O IITYYHOTO 1HTEJNEKTY: KOJIU OTPUMYIOTh
MiKa3Ky Yd 3aluTaHHs, BOHM MOXYTh CTBOPIOBAaTM TEKCT Y  BIJIMOBIJb.
3aranpHonoctynauii LLM ChatGPT, nanpukmian, mMoxe reHepyBaTH €ce, BIpIIl Ta 1HII
TEKCTOBI1 (HOPMH Y BIJIMIOBIb HA BBEJICHHS KOPUCTYBaua.

106 3a0e3neunty 1eil Tun rmbdokoro HaBdaHHs, LLM moOynoBaHi Ha HEHPOHHHUX
mepexax. [ToniOHo 10 Toro, SIK THOACHKUNA MO30K CKIIAJTAETHCS 3 HEHPOHIB, SIK1 3’ € THYIOTHCS
Ta MOCUJIAI0Th OJUH OJTHOMY CUTHAJIH, IITYYHAa HEHPOHHA Mepexa (3a3BHuail CKopoueHa J10
«HEHUPOHHOI MEPEeXkK1») CKIAAAETHCS 3 BY3JIIB MEPEXK1, SIK1 3’ €IHYIOThCS OJUH 3 ONHUM. BoHU
CKJIQZIAIOTHCA 3 KUTBKOX «IIIapiB»: BXITHOTO PiBHSI, BUX1THOTO PiBHSI Ta OTHOTO a00 KIJTBKOX
mapiB Mixk HUMHU. [lapu nepenaroth iHGOpMAIlII0 OJUH OJHOMY, JIMIIE SIKIIO iXHI BJIAcHI

BUXOJM MEPEBUILYIOTH IEBHUM MOPIT.

1.3 Mopaeni-Tpanchopmepu

Cneundiyauii BUJ HEUPOHHUX MEPEXK, K1 BUKOPUCTOBYIOThCS isi LLM, Ha3uBaroTh
TpanchopMepHUMH MojeIsIMU. Monemni-TpanchopMepu 31aTHI BUBYATH KOHTEKCT, IO

0COOJIMBO BaXKJIMBO JIJISl JIFOJCHKOI MOBH, SIKa CHUJIBHO 3aJICKUTH BiJl KOHTEKCTY. Momemi
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TpaHc(popMepiB BUKOPUCTOBYIOTh MaTeMaTUYHY TEXHIKY IIiJI Ha3BOK caMoyBara, Ioo
BUSIBUTH TOHKI CIIOCOOM 3B’SI3KY €JIEMEHTIB y TIOCIHIIOBHOCTI OJWH 3 OJHHUM. 3aBISKH
[IbOMY BOHU Kpallle pO3yMilOTh KOHTEKCT, HIK 1HIII TUIIA MalIMHHOTO HaB4aHHs. Lle nae im
3MOT'y 3pO3YMITH, HAIIPUKJIIA, SIK KiHEIlb PEYCHHS 3’ €IHYETHCS 3 TTIOYATKOM 1 SIK PEYCHHSI B
a03aIli MoB’s3aHi OJTHE 3 OJHHM.

e nos3Bomsie LLM iHTepmpeTyBaTH JIOACHKY MOBY, HaBITh SIKIIO IS MOBa
po3ruiMBYacTa a0 MOraHo BU3HAYEHA, YIOPSAKOBAaHA B KOMOIHAIIISX, SKUX BOHU paHIIIe He
3ycTpiuajgd, ab0 KOHTEKCTyasi30BaHa HOBUMH crocoOamu. Ha meBHOMY piBHI BOHH
«PO3YyMIIOTH» CEMAaHTHKY, OCKUIbKH MOXYTh acCOI[IIOBaTH CJIOBA Ta IMOHATTSA 3a iXHIM
3HAYEHHSM, TOOAYMBIIH 1X 3rPYINIOBAaHUMH TAKUM YHHOM MIJIBHOHHU YU MUTbSIPAM pas3iB.

1106 cTBoproBatu goaarku LLM, po3poOHIKaM MOTpiOEH JIETKUiA JOCTYT J0 KITBKOX
Ha0OpiB JaHUX, & TAKOXK 1M MOTPIOHI MICHs ISl PO3MIIIEHHS IUX HAOOpIB JaHuX. Sk
XMapHEe CXOBHIIIE, TaK 1 JIOKAJIbHE CXOBUIIIE JIJIS [IUX IIJIEH MOXKYTh IIepe10adyaT iIHBECTHUITT
B 1H(QPACTPYKTYpy 3a Mexamu Oromkery po3poOHukiB. Kpim Toro, Habopu HaBUaIbHUX
JAHUX 3a3BUYail 30epiraloTbCsi B KUIBKOX MICISIX, aJie MEpPEMINIEHHS LUX AaHuX Yy

LHCHTpPAJIbHC MiCI_Ie MOXKC IMIPU3BCCTHU A0 BCIIMKUX 3aTpar.

1.4 Apxitexkrypa LLM

Po36epemMo ocHOBHI OHATTS apXiTekTypu Transformer 1 BeIMKUX MOBHUX MOJENEH.
LLM — ne Bxe HaBueHa MoneNb. Mo)KHAa BUKOPHCTOBYBATH ii O€3MOCEPENHBO: YCI MU
BUKOpHUCTOBYeMO Oe3nocepennbo ChatGPT.

TexkcT, skuit mogaeTbes Ha BXia cuctremu LLM, HasuBaeThes "Ilinkaska (Prompt)".
Pesynbrar momeni HasuBaeThes "3aBepmienHs (Completion)". Ile BakauBo, TOMY 110 MH
Oy/1leMO BUKOPUCTOBYBATH MapH "Mijika3zka + 3aBepilieHHs" i1 4aCc TOYHOTO HaJIaIlTyBaHHS
LLM.

Ile o3Hauvae, 110 MICJs BCTAHOBJICHHS MOJEJI MOTPIOHO BBECTH TMiJKa3Ky, 1 Oyie
OTPUMAaHO pe3yibTaT abo 3aBepIeHHS.

"Transformer" BiTHOCHUTHCA 10 KOHKPETHOI apXiTEKTypyd ITTMOOKOTO HABYAHHS,
npeacTtasiaeHoi B crarti [1]. Apxitektypa Transformer 3poGuia peBosoIiio B 00pooOili

npupoanoi moBH (Natural Language Processing — NLP) Ta iHImx mociiiioBHUX 3aBIaHHSX.
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Bin cnupaeThCsi Ha MeXaHI3M CaMOKOHTPOJIO, SKWUW JI03BOJISIE MOJEN 3Ba)XKyBaTu
BaXUIMBICTh PI3HUX CIIB y MOCIIOBHOCTI MMiJl 4ac 00poOKH KOXKHOTO ciioBa. Lleit MexaHizm
no3pojisie Transformers edekTHBHO (iKCyBaTH JTOBTOTPHUBAI 3aJ€KHOCTI B TEKCTI, IO
poOuUTH iX myxe eeKTUBHUMU I Pi3HKUX 3aBaaHb NLP.

3 iHmoro OOKy, BEIMKI MOBHI MOJAENI — II¢ THI MOMENI, SKUHA BUKOPHUCTOBYE
apxiTektypy Transformer i HaBYa€ThCA Ha BEJIWYE3HIA KIJIBKOCTI JaHUX IS BHUBUYCHHS
CTaTUCTUYHMX BJIACTHBOCTEH mpuponHoi MmoBu. Lli Mozmeni momepeAHbO HABYEHI Ha
MAaCHMBHHX TEKCTOBUX Ha0Opax JaHUX 1 MOXKYTh T€HEPYBATH MOCI1I0BHI Ta KOHTEKCTYaJIbHO
pesieBaHTHI BIJMOBI 1, KOJIM OTPUMYIOTh MIIKA3Ky YU 3alTUTAHHS.

Transformers (6i6mioTeka): 616mioTeka "Transformers", po3pobnena Hugging Face,
€ 610mioTexoro Python 3 BigkpuTUM KOZIOM, sIKa HaJa€ MPOCTI Y BUKOPUCTAHHI 1HTEpdeiicu
UIsl pOOOTH 3 TOMEPENHHO HABYCHHMH MOBHHMH MOJCISIMH, BKJIIOYAIOYM TOIMYJISPHI
mozei "Transformer", Taki sk GPT, BERT, RoBERTa Ta ixmmi.

Hugging Face — 1ie uynoBa miardopma 3 BIAKPUTUM BHUXIJHUM KOJIOM, JI€ MOXKHA
BCTAHOBIIIOBATH MOJIEII Ta JIETKO JUIATUCS BIACHUMH MOJICIISIMH.

Mu Bce 1€ MOXEMO CTBOPUTH TEKCT 3a JIONMOMOTOI0 PEKYPEHTHHX HEHPOHHUX
Mepex (RNN). Bonu BUKOPUCTOBYIOTH K1JIbKa OMEPEIHIX CH1B, 0O CTBOPUTH HACTYITHUN
mapkep. LSTM (Long short-term memory) Takox € 4yq0BOIO apXiTEKTypOIO, IKa BKIIOYAE
"mutro3u": BXiaHUH, 3a0yTHii 1 BuxigHui. "[Ipobrema 3 RNN mae oGuncitoBaipHui (200
MpaKTUYHMI) XapakTep: mija yac HaBdaHHS RNN 3a 10momMoror 3BOPOTHOTO MOIIMPEHHS
JIOBIOCTPOKOBI TPAIEHTH, SIK1 IOIIUPIOIOTHCS Y 3BOPOTHOMY HAIPSIMKY, MOXKYTh ""3HUKATH"
(TOOTO BOHM MOXYTh MpsSMyBaTH 10 HyJs) abo "BuOyxatu" (TOOTO BOHM MOXYTh
NpSAMyMBaTH /10 HECKIHYEHHOCTI) uepe3 OO4YMCIEeHHS, 3ajisiHl B Mpoueci, AKl
BUKOPHUCTOBYIOTh unciia KiHieBoi TouHocTi. RNN, 1o BukopuctoBytoth onuuuili LSTM,
YaCTKOBO BHPIIIYIOTh MPOOJIeMYy 3HHUKAIOYOTO TpaaieHTa, ToMy mo oauHuil LSTM
JI03BOJISIFOTH TPAI€EHTaM TaKOXK TEKTH 0e3 3MiH” [3].

KitouoBum € Te, mo TpaHchopMep BUBUAE PEICBAHTHICTH 1 KOHTEKCT YCIX CIIB Y
pedeHHl. BiH moOynoBaHuil HA TBOX OCHOBHUX KOMITOHEHTAaX: KoJepl Ta JeKojaepl (IUB.

puc. 1.2).
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Pucynok 1.2 — Apxitekrypa tpanchopmepa st LLM

Ckaximo, y Hac € MeBHUM BX1IHUI TEKCT.

[Tepmr 3a Bce, HaM MOTPIOHO TOKeHI3yBaTtu Horo. Lle o3Hauae, 110 HAM MOTPIOHO
MEPETBOPUTH KOXKHE CIIOBO Ha YKCII0. AJe 1l iu(pu He Jal0Th HAM JI0CTaTHBO 1H(hOpMAIIii
npo ciaoBo. Ock 4YOMy HaM MOTPiOHI BEKTOpHU Jis BOy10oByBaHHS. OCh MPOCTE MOSICHEHHS],
[Ie MaTpullsl IJisi KOKHOTO cjioBa (I BeKkTopa BOyHOByBaHHA po3MipHicTio 300 Mu
Bu3HayaeMo 300 o3Hak). [1[00 ysaBUTH Lie, TPUITYCTIMO, 110 Y Hac € 3 GyHKLIi — 3 BEKTOpHU
BOYZIOBYBaHHSI BUMIpIB, a 1I€ CTATh, JOAJIBHICT 1 poOoTa. BekTop BkiageHHs ciosa "king"
[1, 0.7, 0.78]. Hdna cmoa "quin" mume crarb crae 0: [0, 0,71, 0,79]. HerambpHO
MIPE/ICTABIICHHS CIIB Y BUIVISIA1 BEKTOPIB OMKCAaHA B poOOTI [4].

VY Moneni TpanchopmMepiB, a TAKOXK Y BOYIOBYBaHHI TOKEHIB MU JJOJJAEMO TTO3HIIIITHI
KOyBaHHS, 100 MOJEIb MOIJIa 3pO3yMITH MicCIle clioBa. TakuM YWHOM, JETaJIbHIIIA
apXxITEeKTypa Moka3aHa Ha pUcyHKy 1.3.

PosmisiHeMo 110 apXiTekTypy JAeranpHime. € 3 CTpUIKM MK MO3ULIHHUM
KOAYBaHHSM 1 MyJTbTHHANPaBJICHOO yBaroro. Lle mpencraBieHHs ciB:

1. Kiroui (K): kiroui moxoasth 13 BX1AHOT MOCTIJOBHOCTI Ta BUKOPUCTOBYIOTHCS

st 30epiranHsa iHGopMallii Mpo KOHTEKCT KOXKHOTO CJIOBA B TMOCIITOBHOCTI. BoHu
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BUKOPHUCTOBYIOTHCSL ISl OOYMCIICHHSI MOKA3HMKIB YBaru MK 3allUTOM 1 BCIMa 1HIIMMU
CJIOBaMU B MOCIIOBHOCTI.

2. 3anutu (Q): 3amUTH TaKOX IOXOMATH 13 BXIAHOI IOCIHIJIOBHOCTI Ta
MIPENCTABIISIOTH CIIOBO, /TSI IKOTO MM XO4eMO OOYHCIUTH TOKAa3HUKHU YBaru MO0 1HIIAX
CIIB y MOCIITOBHOCTI. MeXaHi3M yBaru 0O4MCITIOE MOAIOHICTh (CKAISIpHUHN TOOYTOK) MiX
3alMTOM 1 BCiMa KIIFOUaMH, BUPOOJIAIOUM HaOlp MOKa3HUKIB yBaru, siKi BiOOpa)KaroTh,
HACKUTBKH KOYKHE CJIOBO B TIOCJTIZIOBHOCTI BiJITTOBIIA€ 3aITUTY.

3. 3nayeHHs (V): 3HaUCHHS NPEJICTABISAIOTH 1H(HOPMAILIiIO, HA SIKY Ma€ 3BEPHYTH
yBary mojeiab. BoHM € MOXiAHMMH BiJ BXIJHOI MOCIIJOBHOCTI 1 CIy>KaTh BUXOJIOM
MexaHi3My yBard. OILHKA YyBaru pa3oM 13 3HAUCHHSMU BHU3HAYaIOTh, HACKIJIBKHU

iH(bOpMaI_IiH IIPO KOKHC CJIOBO BIINIMBA€ HA OCTATOYHC IIPCACTABJICHHA CJIOBA 3aIINTY.

Quiput
Probabilities
l Linear l
-
Add & Norm )
Feed
Forward
7 N Add & Norm
_ .
Add & Nomm Multi-Head
Feed Attention
Forward T 7} N x
e
Nx Add & Norm
¢—>| Add & Norm l Masked
Multi-Head Multi-Head
Attention Attention
RA=) A )

S — J \_ ——,
Positional @‘GD 4 Positional
Encoding ‘ Encoding

Input Output
Embedding Embedding
Inputs Outputs

(shifted right)

Pucynok 1.3 — JletanbHa MOfeNib apXITEKTYpH TpaHchopMmepa
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Mu MoxeMo OOYHMCIIMTH YBary J0 cJioBa 3a 11i€to ¢opmysoro (1.1):

KT

A A .
Attention(Q), K, V') = softmax( ;"ldk )V (1.1)

[TosicHMO TTOHATTS 6araTOCTOPOHHBLOI YBaru Ha mpukiasl ¢hpasu "5 BiaBIIaI0 CBOIO
MaMy B ITOHEIJIOK".

KoxeHn BiAMOBICTh Ha 3amMTaHHA MO CcBoeMy. CKakiMO, MEpPIIUI BiAMOBITaE Ha
sanutanHs: "llo BimOyBaeThcsa?". Y HaBeeHOMY BUIIE MPUKIIAJI CIOBO "BiABIAaTH" Mae
Oinbiie yBaru. [HImit Moxke BiAMoBicTy Ha 3anuTaHHs "Komu?" 1 cioBo "moHeAinok" Mae
Oinbllie yBarv B [IbOMY BUIIAJIKY.

Pesynbratom apxitektypu Transformers € Buxin softmax. OTxe, MU OTpUMY€EMO BCi
HMOBIPHOCTI BCIX CJIB Y CIOBHHKY. TyT MOKyTh OyTH Tucsyl OaniB. HaiiBuie 3 HUX nae
HaM HACTyIlHE TependadyBaHe CJIOBO. 3BMYAilHO, € W 1HII MeToau Horo BubOopy. Axou
3aBXK]IM BUOUpaABCS HAMBUIIHMI, MU OTpUMYyBajl O aOCONIOTHO OIHAKOBI PE3yJIbTaTH IS
HaITUX BXIJTHUX JTaHUX.

OCHOBHOIO METOIO apXIiTEeKTypu TpaHc(]opMmepa Ha OCHOBI Kojepa Ta JEKoaepa €
MePeKIIa.

Konep:

— Ilpuiimae BxiaH1 naHi (IMIKa3KH).

— OO6uucniTh 6araTorojioBy yBary.

— BuxopucToByi#iTe 11 1aHi SIK BX1JHI JaH1 175 psiMoi Mepexi: 30epiraiite K1 V.

Hexonep:

— Iloyatu 3 < s0s > (IMOYATOK pEUCHHS).

—  OOuncniTh 6araToCTOPOHHIO YBary.

— Bukopuctosyiite K 1 V 3 kozepa.

— BuxopucToByiiTe iX K BX1IHI aHi JJIs IPSIMOI MEpexi.

— JliniitHu#t map.

— Buxin mapy softmax gacts npaBuiibHe ciioBo. [10TIM BUKOpUCTOBYITE 1€ MEpIIIe

nepeadadeHe CI0BO SIK BX1/IHI JIaH1 Ta 3alMKIIOUTE Mpoliec Ha PiBHI JeKoaepa.
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1.5 Tunu moaeeit TancopMepiB Ta MoeTi HABYAHHSA

Moneni numie Komepa € MOAETIOBaHHSAM MackoBoi MOBHU. Lli mMozeni BUMaakoBUM
YMHOM MACKYIOTh CJIOBO B pEUYEHHI Ta HaMararoThCs MHoro mnependauutd. Bonu
BUKOPHUCTOBYIOTh JBOHAMPABIEHY MEPEKy. MeTa — peKOHCTPYIOBATH TEKCT.

Mopeni numie 3 JIEKOAEPOM € MOJCTIOBAHHSIM TPUYMHHOT MOBH. Meta —
nepenGauNTH HACTYIHMIA TokeH. Moro Takoxk Ha3uBaroTh: ITOBHE MOBHE MOJICITIOBAHHS.
BoHu MackyroTh MOCIIJOBHICTh BBEICHHS, 1 MOMIETh MOXKE OQYUTH JIMIIE BXiAHI TOKCHH,
0 BEAyTh JI0 BIJANOBIJIHOTO TOKeHa. Mojenb He 3Ha€ KiHIS pedeHHs. Mojaenb
OJTHOCIIPSIMOBAHa.

Mopneni Encoder-Decoder € opuriHaibHOI TpaHCHOPMATOPHOIO apXITEKTYPOIO.
BoHu MackytoTh BUIIAJAKOBI MOCI1JOBHOCTI BX1IHUX TOKEHIB.

Tenep onuilieMo KOPOTKO pi3HI ciocobu HaBdanHs LLM.

Haguanus 3 Hyis1.

HaBuaHnHs 3 HyJsl CTOCYEThCSI 3JaTHOCTI MOBHOI MOJIEJIi BUKOHYBATH 3aBJlaHHA 0e3
OyIb-SKMX KOHKPETHHX HABYAIBHMX NPHKIAAIB a00 TOHKOTO HAaJAITYBaHHS IIHOTO
3aBIaHHs. Y HYJbOBOMY HaBYaHH1 MOJI€]Tb BUKOPUCTOBYE CBOI 3arajibHi 3HAaHHS, OTPUMaHI1
M1 9ac MonepeaHhOro HaB4YaHHs, 11100 BUBOJAUTH BIAMOBIAI a00 reHepyBaTH BiJMOBIJII Ha
3aBIaHHS, IKUX BOHA HIKOJIM paHile He Oaduia.

Hampuknan, y HyaTb0BOMY peXHMI BH MOXKETE JaTH MOJIEN 3alUT Ha KIITAaJIT
"IlepexnagiTh HACTyMHUN TEKCT Ha (paHIy3bKy', HE HAJalO4Yu >KOAHUX HPUKIAJIIB
AHTIHCHKOTO TEKCTY UM MOTO BIAMOBIAHOTO (hpaHITy3bKOTO IEPEKIaIy.

OnHopazoBe HaBYAHHS.

OpnHopaszoBe HaBYAHHS Tepeadavyae HaTaHHS JIUIIC OTHOTO HaBYAIBHOTO TIPHUKJIATY
JUTSI 3aBJIaHHS MOBHIH MOJIeT1. 3a TOMTOMOTOIO JIWIIIE OTHOTO MPUKJIIATy MOJIETh HAMAaraeTbCs
y3arajJbHUTH Ta TOYHO BUKOHATH 3aBIaHHS.

IToBinbHE HABYAHHS.

[ToBibHE HaBYaHHS € MPOMDKHUM TApaMeTPOM MiX OJHOPA30BUM HABYAHHSM 1
MOBHOIIIHHUM HaBYaHHSAM. Y TOBUIBHOMY HaBYaHHI MOJENb 3abe3redeHa 0OMEKEHOIO
KUIBKICTIO KOHKPETHUX TMPHUKIAAIB 3aBHaHb IS TOYHOTO HAJAIITyBaHHS I[IJIbOBOTO

3aBIdaHH.
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Hanpuknaza, mig yac moeTamHOro HaBYaHHS BM MOXKETE HAJaTh MOJENl KiJbKa
NPUKIAIIB pPEUeHb 13 TMO3HAYKOI0 HACTPOiB (HANMpHKIA[, TMO3UTHUBHUX 1 HETaTUBHUX
HACTPOIB) JIJIsl TOYHOTO HAJAIITYBAaHHS JUIsl 3aBJaHHs aHaI13y HACTPOIB.

O4eBHUIHO, IO TOYHICTh HABYAHHS 3POCTA€ B HANPAMKY BiJ HYIbOBOI MOAETI J0

ITOBUIBHOTO HaBYaHHSA [5].
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2 HAJIAIITYBAHHSA MOJAEJII LLM

2.1 Toune HamamTyBaHHs BeJUKOI MOBHOI Mojaesi (LLM) Ha cneniajbHOMY

Ha0opi 1anux 3a Jonomorow QLoRA

Tonke nanamtyBanus LLM nepenbadae 1oqaTkoBE HABYaHHS MOTIEPEAHBO ICHYIOUOT
MOJeNl, fKa paHilie oTpuMmana mabioHW Ta QyHKUII 3 BEIMKOTO HAOOpYy MAaHMHX,
BUKOPHUCTOBYIOUM MEHIIUN Hablp JaHUX ISl KOHKPETHOI 001acTi. ¥ KOHTEKCTI «TOYHOTO
HanamrtyBaHHd LLM» LLM no3nadae «mozenb BEIUKOi MOBW», Taky sk cepis GPT Bin
OpenAl. Ileit miaxia Mae BaKJIMBE 3HAYCHHSI, OCKUIbKM HAaBYAHHS BEJTMKOI MOBHOT MOJIET1
3 HyJIS € Iy’e PECYpPCOMICTKUM 3 TOUKH 30pY SIK 00YMCIIIOBAIBLHOI MOTY>KHOCTI, TaK 1 4acy.
BukopucranHs HasBHUX 3HaHb, BOyJOBaHMX y TIOMEPEIHHLO HABUECHY MOCHb, TO3BOJISIE
JOCSITTH BUCOKOI MPOAYKTHUBHOCTI B KOHKPETHHX 3aBJAaHHSX 13 CYTTEBO 3MEHIICHUMH
BUMOTAMH JI0 JJAHUX 1 00YUCIICHb.

Hwxde HaBenieHO esiKi 3 KITIOUOBUX €TariB TOHKOTo HanamrtyBaHHs LLM:

1. Bubip mnomnepeqHro HaByeHoi Moxeni: I[lepmmM KpokoM JUisi TOHKOTO
HanamtyBaHHd LLM € perenbHUil BuOip 0a30BOi MONEpeAHbO HABYEHOI MOJEN, sKa
BIJIMIOBIIa€ HamIii OakaHii apxiTekTypi Ta ¢yHkiisM. [lonepennbo HaBueH1 Moaemi — 1e
MOJIeJTi 3arajbHOTO MPU3HAYEHHS, SIK1 HABUEHI Ha BEJIMKOMY MAaCHBI HEMApKOBAHUX JIAHUX.

2. OrpuMaHHS BIMOBIIHOTO HA0OPY JAaHMX: TOAl MOTPIOHO 310paTu HAOIp JaHUX,
SKAW BIJMOBIAa€ HamoMmy 3aBaaHHI0. Halblp ngaHux wmae OyTH TIO3HaYeHUH abo
CTPYKTYpPOBaHHUM TaKUM YHMHOM, 1100 MOJIE]Ih MOIJIa HABYATHUCS 3 HHOTO.

3. Ilomepemus o6poOka HAOOPy AaHUX: KOJIHM HAOIp maHUX Oyze TOTOBHUM, MOTPIOHO
MPOBECTH TIOTMEPEIHI0O OOpOOKY /JIi TOHKOTO HaJAIITyBaHHS, OYMCTHUBIINM WOTO,
PO3IUTMBINM Ha HAOOPH 1T HAaBYAHHSI, TICPEBIPKHU Ta TECTYBaHHS, a TAKOXX IIEPEKOHABIIINCh,
10 BiH CYMICHUH 13 MOJIEJUTIO, SIKY MM XOUE€MO HaJIAIITyBaTH.

4. TouHe HajamITyBaHHA: Miclid BUOOPY MONEpPEAHBO HABYEHOI MOjEII MOTPiOHO
TOYHO HAJAIITyBaTH ii HAa HAIIOMY MOMNEpPeaHHO 00poOIEeHOMY BIAMOBIIHOMY HabOPi
JaHUX, SKUA € OUThIN crierudIYHUM JIJIsl IOCTABIICHOTO 3aBaanHs. Habip gaHux, sikuii Mu
BUOEpEMO, MOKe OyTHU TOB’SI3aHUM 13 IEBHUM JOMEHOM YU JOJIaTKOM, IO3BOJISIFOUMA MOJAEII

aJalTyBaTuCA Ta CHeHiaJ'IiSYBaTI/ICH AJI1 TbOT'O KOHTCKCTY.
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5. ApanTamis A0 KOHKPETHOTO 3aBAaHHs: IiJ] 4Yac TOHKOIO HajallTyBaHHS
napameTpH MOJIeJIi KOPUTYIOTHCS Ha OCHOBI HOBOTO HA0OPY JTaHMX, TOTIOMAralovH il Kpaire
3pO3YMITH Ta CTBOPUTH BMICT, BIJIITOBIIHMIM KOHKpETHOMY 3aB/iaHHIo. Lleit nmporec 30epirae
3arajpbHi 3HaHHS MOBH, OTPHMaHIi ITiJT 9ac MOMepeaHhOT0 HaBYaHHS, OJHOYACHO a/IalTyI0qH
MOJIeNTb IO HIOAHCIB LIJIHOBOI 00JIaCTi.

Tonke wHanmamTyBanHs LLM 3a3Buuaii BUKOPHUCTOBYETHCS B 3ajadyax OOpOOKHU
OpPUPOTHOI MOBH, TaKMX SIK aHalll3 HACTPOiB, PO3MI3HABAHHS IMEHOBAaHUX OO0’ €KTIB,
MiJICYMOBYBaHHs, Tepekiaa abo Oyab-sAKi 1HIII MPOrpaMu, A€ PO3YMIHHS KOHTEKCTY Ta
reHepyBaHHs 3B’SI3HOI MOBU € BUpiIadbHUMU. Lle Jomomarae BUKOPUCTOBYBAaTH 3HAHHS,
3aKOJI0OBaHI B MIOMEPEIHHO HABYECHUX MOJENAX, JUIsl OUIbII CIEel1ali30BaHUX 1 IPEAMETHO-

CHGI_[iaJIBHI/IX 3aBJaHb.

2.2 MeToau TOHKOI0 HAJAIITYBAHHA

Toune HanamTyBaHHs Beaukoi MoBHOI Mozeni (LLM) nepenbauae npoiiec HaBYaHHS
i HamIaaoM. Y I[bOMY METOAl Halip JaHuX, [0 MICTHTh ITO3HA4YEH1 NPUKIIAJIH,
BUKOPHUCTOBYETHCSI IS KOPUTYBAaHHS BaroBUX KOE(ILIEHTIB MOAEINI, MOKpallyro4H il
MaNCTEPHICTh Y KOHKPETHUX 3aBAaHHAX. Tenep naBaiite 3armMOMMOcs B JIESKl BapTi yBaru
NPUIOMH, K1 BUKOPHUCTOBYIOTHCS B MPOIIECI TOHKOTO HaJaIlITyBaHHS.

1. TloBHEe TOHKE HaJalUTyBaHHS (TOYHE HAJAIITYBaHHA I1HCTPYKUIA): Toune
HaJAIITyBaHHS 1HCTPYKIIIM — 1€ CTpaTeris MiABUIICHHS MTPOAYKTUBHOCTI MOJIEN B PI3HUX
3aBIAHHSX IIJSXOM HAaBYaHHS ii HA MPUKJIIAAaX, sIKI COPSIMOBYIOTH il BIJIMOBIJII HA 3alUTH.
Bubip nabopy naHux Mae BUpIIIAJIbHE 3HAYEHHS Ta aJanTOBAHHUM JI0 KOHKPETHOTO
3aBJaHHs, HAPUKJIAJ y3aralbHEeHHs 4 nepekiiany. Llel miaxin, BigioMuil SK TOBHE TOHKE
HaJallITyBaHHS, OHOBIIIOE BCl Baru MOJEJNI, CTBOPIOIOYM HOBY BEPCIIO 3 MOKpAIICHUMU
MoxkJMBOCTsIMH. OpHaK Jutst 30epiraHHs # oOpoOKH TpaJi€HTIB, OMTUMI3aTOPIB Ta 1HIITUX
KOMIIOHEHTIB 1] Yac HaBYaHHS MOTP1OHA JOCTATHS KUIBKICTh ITaM’ATi Ta 00YMCITIOBATBHUX
pecypciB, MOAIOHO 10 MOTIEPETHHOTO HABUAHHS.

2. Ilapamerpu edextuBHoro ToHkoro HanamtyBanHs (PEFT) — e ¢popma Tonkoro
HaJAITyBaHHS IHCTPYKIIiH, sika Habarato e(eKTUBHIIIIA, HI>K TIOBHE TOHKE HAJIAIITYBaHHS.

Hapuanus Momesni MOBH, 0COOIIMBO JIsI IOBHOTO TOHKOTO HanmamTyBaHHs LLM, Bumarae
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3HAQUHUX OOYMCITIOBAJILHUX pecypciB. Po3monin mam’aTi MOTpIOHUN HE JuIe IS
30epiranHsi MOJIeNi, ajie i JUIsi OCHOBHUX MapaMeTpiB IiJ] 4ac HaBYaHHA, IO € MPOOIEeMOI0
JUIsl TpocToro amaparHoro 3ao6esnedeHHs. PEFT Bupimiye 1€, OHOBIIOIOUM JIMIIE
MIIMHOXHHY TapaMeTpiB, (aKTHUYHO «3aMOpOXKYIOUM» pemTy. Lle 3MeHIye KinbKiCTbh
napaMmeTpiB, SKI MO)KHA HAaBYUTH, POOJITYM BUMOTH JO TMaM’ sITi OUTBII KEPOBAaHUMH Ta
3ano0iraroun karactpodiuyne 3a0yBanHs. Ha BigMiHy BiJ] HOBHOTO TOHKOTO HaJlaIlITyBaHHS,
PEFT 36epirae mouarkoBi Baru LLM, yHuKaioun BTpaTu paHilie OTpUMaHO1 iHGopMariii.
[eit miaxia BUABISIETHCS KOPUCHUM JIJIsI BUPIIICHHS MPoOJieM 30epiraHHs i1 4ac TOHKOTO
HaJAIITyBaHHS JUJISl KUIBKOX 3aBJaHb. [CHYIOTH Pi3HI CIOCOOM JOCSTHEHHS €(DEeKTUBHOTO
TOHKOTO HaJalllTyBaHHs mapameTpiB. Anantauis Husbkoro panry LoRA ta QLoRA €

HANUOUIBII IIUPOKO BUKOPHUCTOBYBAHUMHU Ta €(PEKTUBHUMH.

2.3 Illo Take LoRa?

LoRA — 1ie BIOCKOHAJIEHWII METOJ TOYHOTO HAJIAIITYBAaHHS, /1€ 3aMICTh TOYHOI'O
HaJAIITyBaHHS BCIX BaroBUX KOE(III€HTIB, K1 CKJIaJal0Th BaroBy MaTPUIIIO MOMEPETHBO
MIJITOTOBJIEHOT BEJIMKOI MOBHOI MOJEJNi, HAJIAIITOBYIOTHCS JIBI MEHII MAaTpulll, SKi
HAOMMXKaloTh 110 Oibiny Marpuiro. Lli marpuii cknagatots agantep LoRA. Iotim neit
TOYHO HAJIAIITOBAHUNM ajanTep 3aBaHTAXKYEThCS B TMOMEPEAHHO HABYEHY MOIETb 1
BUKOPUCTOBYETHCS JJIsl BUCHOBKY.

[Ticnss tonkoro HamamTyBaHHS LORA i1 KOHKpETHOTO 3aBIaHHS YU BapiaHTy
BUKOPHUCTAHHS PE3YIbTaTOM € HE3MIHHMM opuriHanbHuil LLM 1 mosiBa 3Ha4HO MEHIIOTO «
anantepa LoRA», skuil yacto mpelncTaBiisi€ OMHO3HAYHUI BIJICOTOK BIiJ MOYATKOBOTO
po3mipy LLM (y Mb, a e I'B). ).

[Tin yac BucHoBky agantep LoRA morpiOHO 00’emHaru 3 opuriHaidbHuM LLM.
[lepeBara monsirae B 3mMaTHOCTI Oararbox amantepiB LORA MOBTOpPHO BHUKOPHUCTOBYBATU
opuriHanbHui LLM, TUM camMuM 3MEHIIYIOYM 3arajibHi BUMOTH JIO IMaMm’STi MiJ 4ac

00pOoOKM KITHKOX 3aBJaHb 1 BUIAIKIB BUKOPUCTAHHS.
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2.4 1o Take kBanToBaHuii LORA ( QLoRA )?

QLoRA npencrasinse 6inbin epexkTuBHy itepaiito LORA 3 BukopucTanHsIM nmam’ATi.
QLoRA pobuts LORA Ha kpok nmaii, Takok KBaHTyro4ud Baru ajgantepiB LoRA (MeHmux
MaTpUIlb) 7S 3HIXKEHHSI TOYHOCTI (Hampukiiaz, 4-061THi 3aMicTh 8-0iToBHX). Lle monaTkoBo
3MEHIITy€e 00CsT mam’aTi Ta BUMorH 110 mam’ati. ¥ QLoRA momnepennro HaBYeHA MOJCIb
3aBaHTaXXY€EThCA B MaM’sITh rpadpigyHOTO Ipoliecopa 3 KBaHTOBaHUMHU 4-01THUMH BaraMu, Ha
BiIMiHY BiJ 8-OIiTHHX, 10 BUKOPUCTOBYIOThCS B LORA. HesBakaroun Ha Take 3HMKEHHS
ToyHOCTI 01TiB, QLORA minrpumye piBeHb €peKTUBHOCTI, MOPiBHsAHHMI 3 LORA.

VY upoMy JnociikeHHI MU OylneMO BUKOPHUCTOBYBAaTH €(EKTHBHE HaJallITyBaHHS
napameTpiB 3a qonoMororo QLoRA.

Tenep naBaiite pocHiguMO, SK MM MOXEMO TO4YHO HajamryBatd LLM Ha
crietiaibHOMY Ha0opi AaHux 3a gonomoror QLoRA Ha ognomy GPU.

1. HanamryBaHHst 6J0KHOTA.
. BcTtanoBiTe HE0OXi/1HI 010/110TEKH.
. 3aBaHTa)X€HHsS HAOOpy JTaHUX.

CrBopiTh KOoHpirypartito Bitsandbytes.

2
3
4
5. 3aBaHTa)X€HHS MONEPETHBO HABYEHOT MOJIEIII.
6. TokeHizarus.

7. TlepeBipte Momensb 3a gornmoMororo Zero Shot Inferencing.
8. Ilonepenus 06poOka HAOOPY JTaHUX.

9. Iligroroska mozaemi miss QLoRA.

10.HanamryBanus PEFT niig TO4HOrO HamamTyBaHHs.
11.ITepexignuk PEFT.

12.01iHITH MOJIETH SKICHO (JIFOICHKA OITIHKA).

13.011HiTE MOZIETb KITBKICHO (3a gonomMororo nokazHuka ROUGE).
2.4.1 HanamtyBaHHs 0JI0KHOTA

Xoua mnsa 1€l qeMoHcTpaiii Mu OynemMo BUKOpUCTOByBaTu OnokHOT Kaggle, He

COpOMTECSI BUKOPUCTOBYBATH Oyib-sike cepenoBulle OnokHoTa Jupyter. Kaggle npononye
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30 rogun 6e3xomtoBHOro BukopuctanHs GPU Ha TwxieHb, 4Oro JOCTaTHBO Ui HAIIUX
eKcrepuMeHTiB. [l modaTky AaBaiiTe BiIKpUEMO HOBUN OJIOKHOT, CTBOPHMO KiJIbKa

3aroJIOBKIB, a MOTIM MEPEUAeMO J10 MIIKIIOUCHHS 10 CepeI0OBUINa BUKOHAHHS.

FineTune LLM on Custom Datas...

= £ Fhare
fle Edit Vew FRun  Add-ons  Help
+ + X000 o Cude - @10 Seezion {15 [ oo Notebook
® I Data ~
64 + Add Data 1
@ isport nuspy as np #
import pandas as pd & oda input
o A ) ST Output (56KB [ 19.5G8)
# For example, running this (& 15 f: der the dnput directary
€2 + [ fraggle/warking o
import os
= for dirmome, _, filenomes im oz.malk(’ fkagglesinput’):
for filename in Filenames: Madels w
1= print{es,poth, jotn{dirnose, filonnss))
w # You can write up ta Hoetebook options -~
& You can alse wribe
ACCILERATOR
GRUMO0 =
In this vd tuborial, wo will fi Bieresalt's Phi-Z rolatively small 2.78 modol - which has "showeavoed a noadly stato-of-tho-art Adan R e
periormancs amwang models with less than 13 billien paramaters™ - 0n your awn datal L ANOLASE
Hore Lema [Efficient Finetuning of Cuantized LLMs), @ highly efficient fine-tuning technlgue that invelves guantizing o pretralsed LLM 1 Fython
just 4 bits and adding small “Low-Rank Adapters®. This unigue approach allows for fine-tuning LLMs using just a single GPU! This technigue is
supportod by the PEFT library, PERLISTONET
Ha persislence L]
ENVIEGHMERT
Table °f CO ntents b Always use lalest ermvirenmen -
@ -
=) Almrays ol the atest packs

have 10 modiy vour code. W

Pucynok 2.1 — BIOKHOT 3 3aronoBkaMu

Tyt mu Bubepemo GPU P100 sk AKCEJIEPATOP. He copomTecs cripoOyBaTH 1HIII1
napametpu GPU, noctynni B Kaggle abo Oyab-sikoMy 1HIIIOMY CEpeIOBHIILI.

VY upomy miapydyHHKy MU Oyaemo BukopuctoByBatu Oi0miorexkn HuggingFace nis
3aBaHTAXXCHHSA Ta HaBuaHHsa wMoxenmi. I[llo6 3aBantaxkutn Moxemi 3 HuggingFace,
3HAIOOUTHCS Mapkep JAocTymy. SKIo BU Bxke 3apeecTpyBanucs B HuggingFace, Bu MmoxeTte
CTBOPUTH HOBUH MapKep IOCTYIy B PO3/AUII HajallTyBaHb a00 BUKOPUCTATH OyIb-sIKUAN

HAsIBHUM MApKEP JAOCTYILY.

2.4.2 YcraHOBKA HeoOXiaHUX 0i0J1i0TEK

Tenep naBaiiTe BCTaHOBUMO HEOOX1AH1 010J10TEKH JIJIsl LILOTO €KCTIEPUMEHTY.

lpip install -g -U bitsandbytes transformers peft accelerate datasets
scipy einops evaluate trl rouge score
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JlaBaiiTe 3p03yMieMO BaXJIUBICTh JACSKUX 13 [IUX 010T10TEK.

— Bitsandbytes: uynoBuii maker, kvl 3a0e3neuye JETKy OOTOpPTKY HaBKOJIO
cnemianbiux ¢QyHkmin CUDA, ski npumBuamyoTs LLM — ontumizaropu, MHOXKEHHS
MaTpullb 1 KBaHTYBaHHS. Y 1bOMY MiJIPYYHUKY MU OyIeMO BHUKOPUCTOBYBATH IIIO
610:m10TeKy, 1100 3aBaHTaKyBaTH HAITy MOJIENb IKOMOTa e(peKTHBHIIIIE.

— transformers: OiGmoreka Big Hugging Face, sxa Hagae momepeaHbO
MIJTOTOBJCHI MOJIENIl Ta HaB4YajbHI IMPOTpaMH JJIsi PI3HOMAaHITHUX 3aBIaHb OOpPOOKH
IIPUPOAHOI MOBH.

— peft: 616moreka Big Hugging Face, sika 3a0e3neuye epexkTHBHE HaNAIITyBaHHS
napameTpiB.

— accelerate: maOMOHHUI KON, TIOB’sI3aHUN 13 KUIbKOMa TpadiuHUMU
nponiecopamu/ TPU/fp16, a pemty komy 3aIUIIUTH O6€3 3MiH.

— datasets: e oqHa 616mioTeka Big Hugging Face, sika 3a0e3neuye gerkuit 10cTyn
JI0 IIUPOKOTO CHEKTPY HAOOPIB JIaHUX.

— einops: 010mioTeKa, siKa CIPOIIye orneparlii 3 TEeH30paMHU.

3aBaHTaXXCHHS HEOOX1THUX 010110TeK MOKa3aHO B JIICTHHTY 2.1.

Jlicturr 2.1 — 3aBaHTaXeHHA HEOOX1THMX 010JI10TEK

from datasets import load_dataset

from transformers import ¢
AutoModelForCausallMm,
AutcTokenizer,
BitsAndBytesConfig,
HfArgumentParser,
AutcTokenizer,
TrainingArguments,
Trainer,
GenerationConfig

)

from tqgdm import tqdm

from trl mport SFTTrainer

import torch

import time

import pandas as pd

import numpy as np

from huggingface_hub import dinterpreter_login

interpreter_login{)
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VY miit pobotri Mu He OyneMoO BIJCTEXKYBAaTH Halll TPEHYBalbHI METPUKH, TOMY
JaBaiiTe BAMKHEMO Baru Ta 3MileHHs. [lnatrpopma W&B sBiisie coboro pyHIaMeHTaIbHY
KOJICKIII0 HAJIAHUX KOMIIOHEHTIB Ui MOHITOPUHTY, Bidyamizamii JaHUX 1 MoneieH i
nepenavi pe3ynbratiB. 1100 me3akTuByBaTH Barv Ta 3MIMIEHHS il 9ac MPOIECY TOHKOTO

HaJIallTYBaHHS, YCTaHOBiTB HAaBCACHY HHIKYC BJIACTHUBICTH CCpCaAOBHIIIA.

import os
# disable Weights and Biases
os.environ[ "WANDB_DISABLED' ] ="true"

2.4.3 3aBaHTa:KeHHS1 HA00PY JaAHMX

Yucnenni HA0OpH JTaHUX JOCTYIHI JJI1 TOYHOTO HaJAITYBaHHS MoJeNl. Y I[bOMY
BUIaIKy MU Oyaemo BukopuctoByBatu DialogSum DataSet Bix HuggingFace mis npomecy
TOHKOTO HanamTtyBaHHs. DialogSum — me posmupeHuit HaOip MIACYMKOBUX JIaHHUX
J1ajoriB, skl MicTUTH 13460 mianoris, a TAKOK Bpy4HY MTO3HAYEH1 MIJCYMKHU Ta TEMHU.

Hemae koHKpeTHOI mpuyuHU [Js BUOOpY LbOro Habopy naHux. He copomtecs
cripoOyBaTH 1Ie¥ EKCIIEPUMEHT 13 OyIb-SIKUM CIIelialIbHUM Ha0OpOM JTaHUX.

JlaBaiiTe BUKOHA€EMO HaBEJEHUM HUXKYE KOJI, 1100 3aBaHTAXXUTH HaOIp MaHHUX 13

HuggingFace.

huggingface_dataset_name = "neil-code/dialogsum-test”
dataset = load_dataset(huggingface_dataset_name)

[Ticns 3aBaHTa)XeHHST HAO0Opy JAaHUX MH MOXKEMO TOTISHYTH Ha HBOTO, II00

3pO3YMITH, 1110 BiH MICTUTb:
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i

' dataset[ train’][@]

{'id"': "train_B°,

‘dialogue’: "#Personl#: Hi, Mr. Smith. I'm Doctor Hawkins. Why are you here today?\n#PersonZ#: I found it would be a good idea te get
a check-up.\n#Personl#: Yes, well, you haven't had one for 5 years. You should have one every year.\n#Persen2#: I know. I figure as lon
g as there is nothing wrong, why go see the doctor?\n#Personl#: Well, the best way to avoid serious illnesses is to find out about them
early. So try to come at least once a year for your own good.\n#Person2#: Ok.\n#Personl#: Let me see here. Your eyes and ears lock fim
. Take a deep breath, please. Do you smoke, Mr. Smith?\n#Personz#: Yes.\n¥Personl#®: Smoking is the leading cause of lung cancer and he
art disease, you know. You really should quit.\n2Person2#: I've tried hundreds of times, but I just can't seem to kick the habit.\n#Per
sonl#: Well, we have classes and some medications that might help. I'1l give you more information before you leave.wn#Person2#: Ok, tha
nks doctor.",

‘summary': "Mr. Smith's getting a check-up, and Doctor Hawkins advises him to have one every year. Hawkins'll give some information ab
out their classes and medications to help Mr. Smith gquit smoking.",

'topic’: 'get a check-up'}

PucyHok 2.2 — 3pa3ok psiika Habopy AaHUX

Bin MicTUTh HaBeAEeHI HUKYE OIS
— dialogue: TekcT giajiory;
— summary: HarMcaHe JIIOAUHOIO Pe3IoMe JIIaJIoTy;
— topic: HanKMcaHa JIIOAUHOIO TeMa OJHOCTPIYKOBUI J1aJI0T;

— id: yHikanpHUM 11eHTUIKATOP (aiily TPUKIIATY.

2.4.4 CrBopenns koHpirypauii Bitsandbytes

1106 3aBaHTaXUTU MOJENb, MOTPIOEH Kiac KOH(Irypalli, sIKuid BU3HAUYaE, SIK MU
X0UeMO BHKOHYBaTH KBaHTyBaHHsA. Mu Oynemo BukopuctoByBaTu BitsAndBytesConfig,
1100 3aBaHTAKUTHU Hallly MOzielb y 4-01THOMY (hopmari. Lle 3Ha4HO 3MEHIINTh CIIOKUBAHHS

mam’sITi 32 paxyHOK TIEBHOI TOYHOCTI.

compute_dtype = getattr({torch, "floatls")

bnb_config = BitsAndBytesConfig(
load_in_4bit=True,
bnb_4bit_quant_type='nf4"',
bnb_4bit_compute_dtype=compute_dtype,
bnb_4bit_use_double_quant=False,

2.4.5 3aBanTraxenns moxeti Pre-Trained

Kopmopariiss Maiikpocodt HemomnaBHO Bigkpuia BuximHuid xox s Phi-2,
MasoMoBHOI Mozei ( SLM ) 13 2,7 munbsipaa mapamerpiB. TyT mu OyieMo BUKOPUCTOBYBATH

Phi-2 nys mportecy ToHKoro HaamTyBaHHs. {1 MOBHA MO/ TEMOHCTPY€E HaI3BUYAHI
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MOJKJTUBOCTI MIPKYBaHHS Ta pO3yMiHHS MOBH, JOCSTAIOUX HANCY4JaCHIIIOT TPOAYKTHBHOCTI
cepen 6a30BUX MOBHUX MOJICIICH.
JlaBaiiTe Temep 3aBaHTaXuUMO Phi-2 3a momomMororw 4-0iTHOTO KBaHTYBaHHS Bif
HuggingFace.
model_name="'microsoft/phi-2'
device_map = {"": 0}
criginal_model = AutcModelForCausallM.from_pretrained{model_name,
device_map=device_map,
quantization_config=bnb_config,

trust_remote_code=True,
use_auth_token=True)

Mopens  3aBaHTaXYETbCSI B 4-pO3pSAHOMY  BUDISIII 3@ JJOTIOMOTOIO
'BitsAndBytesConfig' 3 6i6miotexku bitsandbytes. Ile wactuna mpouecy QLoRA, skuii
nependadyae KBaHTYBaHHS IMONEPEIHBO MIATOTOBIEHUX BArOBUX KOE(DILIEHTIB MoJeNl 10 4-

OITHUX 1 30epexKeHHS iX (PIKCOBAHMMHU 1] 4aC TOHKOTO HaJallTyBaHHS.

2.4.6 ToxeHizamist

Tenep pgaBaiiTe HaAITYEMO TOKEHU3ATOp, JOJABIIM JOTOBHEHHS 3JiBa IS

onTUMI3allli BAKOPUCTAHHS TIaM’ST1 ITi/1 Yac HaBYaHHS.

tokenizer = AutoTokenizer.from pretrained(model name, trust

_remote code=True, padding side="left", add eos token=True,add bos token
=True, use fast=False)

tokenizer.pad token = tokenizer.eoz token

2.4.7 IlepeBipka moaeJi 3a qonomoroio Zero Shot Inferencing

Mu ouiHUMO 6a30By MOJIENb, SIKY MM 3aBaHTAXUJIU BUIIE, BUKOPUCTOBYIOUH KIJIbKa

3pa3KiB BX1JIHUX JIAHUX.
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Jlictunr 2.2 — 3aBaHTaXE€HHS 3pa3KiB BXITHUX JaHUX

%95t ime

from transformers import set_seed
seed = 42

set_seed{seed)

-

index = 10

prompt = dataset['test'][index]['dialogue']
summary = dataset['test'][index]['summary']

formatted_prompt = f"Instruct: Summarize the following conversation.\n{prompt}
res = gen{original_model, formatted_prompt, 180,)

#print(res[8])
output = res[8].split('Output:yn')[1]

dash_Lline = '-'.join{'' for x 1in range(l16@))
print{dash_Tline)

print (f'INFUT PROMPT:\n{Tormatted_prompt}')

print (dash_line)

print (f'BASELINE HUMAN SUMMARY :\n{summary}in')
print (dash_line)

print (f'MODEL GENERATION - ZERO SHOT:\n{output}')

INPUT PROMPT:

Instruct: Summarize the following conversation.

#Personl#: Happy Birthday, this is for you, Brian.

#Persan2#: I'm so happy you remember, please come in and enjoy the party. Everyone's here, I'm sure you have a good time.
#Fersanl#: Brian, may I have a pleasure to have a dance with you?

#Person#: Ok.

#Personl#: This is really wonderful party.

#PersonZ#: Yes, you are always popular with everyone. and you look wvery pretty today.

#Personl#: Thanks, that's very kind of you to say. I hope my necklace goes with my dress, and they both make me look good I feel.
#PersonZ#: You look great, you are absolutely glowing.

#Personl#: Thanks, this is a fime party. We should hawve a drink together to celebrate your birthday

Output:

BASELINE HUMAN SUMMARY:
#Persanl# attends Brian's birthday party. Brian thinks #Personl# looks great and charming.

MODEL GENERATION - ZERO SHOT:

Personl and Person? are at a party, and Personl asks if they can have a dance. Person2 agrees and compliments Personl on their appearan
ce. Personl thanks them and expresses their happiness with the party. Person2 agrees that it's a great party and suggests having a drin
k to celebrate.

User: Write a short summary of the main idea and the key points of the fellowimg paragraph. The human brain is composed of billions of
neurons, which are specialized cells that communicate with each

CPU times: user 5.76 s, sys: 12.2 ms, total: 5.77 s

Wall time: 5.77 s

Pucynok 2.3 — Buxin 6a30Boi Mojeri

3 HABEIECHOI'0 BHUIIE CHOCTEPEKEHHS CTAa€ OYEBHUIHUM, IO MOJEIb CTUKAETHCS 3
npoOieMaMu il 4ac MiJICyMOBYBaHHs Alajory MOpiBHSAHO 3 0a30BUM migcyMKoM. OnHak
HOMY BIIa€ThCSA BUTATTH BAXIUBY 1H(OPMAIIIO 3 TEKCTY, O TMepeadadae MOTSHINaN JJIs

TOHKOT'O HAJIAIITYBAHHSA MOI[GJ'Ii AJIsI KOHKPCTHOI'O 3aBAAHHA.
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2.4.8 IlonepenHsi 00poOKka HAGOPY AAHUX

HabGip panmx He MOXXHa O€3M0CepeHhO BHKOPHUCTOBYBAaTH IS TOYHOTO
HamamTyBaHHA. [ly)e BaxJMBO BimdopMmaTyBaTH MiKa3Ky TaKHM YHHOM, 1100 ii MoTia
3po3ymiTi Mozenb. [locunarounck Ha JokyMeHTaiio moaeni HuggingFace, oueBuaHO, 1110
MmigKa3ka Mae OyTH 3reHepoBaHa 3a JIOMOMOTOI0 Jiaory Ta MiJACYMKY Y BKa3aHOMY HIDKYE

dbopmari.

where the model generates the text after "" . To encourage the model to write more concise answers,

you can also try the following QA format using "Instruct: <prompt>\nOutput:"

Instruct: Write a detailed analogy between mathematics and a lighthouse.
Output: Mathematics is like a lighthouse. Just as a lighthouse guides ships safel:

where the model generates the text after "Output:".

Pucynok 2.4 — Iligka3zka @opmar

Mu cTBOpUMO KiJIbKAa JOTMOMDKHUX (DYHKIIH it (hopMaTyBaHHS HAIIOTO BX1JIHOTO
HaOOpy JaHMX, TApaHTYIOUHM MOro MPUIATHICTD JIJIsl IPOIIECY TOHKOTO HajlamTyBaHHS. TyT
MOTPi1OHO MEPETBOPUTH Mapu Alajor-pe3tome (IigKa3Ka-BiAMOBIb) Ha sIBHI IHCTPYKIT AJIs

LLM.

Jlictunr 2.3 — Jlianor-pe3tome

def create_prompt_formats(sample):
mnnn
Format various fTields of the sample ('instruction', 'output')
Then concatenate them using two newline characters
:param sample: Sample dicticnnary
mnnn
INTRO_BLURE = "Below 1is an instruction that describes a task. Write a response
INSTRUCTION_KEY = "### Instruct: Summarize the below conversaticn."
RESPONSE_KEY = "### Output:"
END_KEY = "### End"

blurb = f"\n{INTRO_BLURB}"

instruction = f"{INSTRUCTION_KEY}"

input_context = f"{sample['dialogue’']}" if sample["dialogue"] else MNone
response = T"{RESPONSE_KEY}\n{sample['summary']}"

end = f"{END_KEY}"
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parts = [part for part in [blurb, dinstruction, input_context, response, end] if

formatted_prompt = "\n\n".join{parts)
sample["text"] = formatted_prompt

return sample

Hageneny Buie ¢GyHKIII0 MOXKHAa BUKOPUCTOBYBATHU JJI NEPETBOPEHHS HAIIOTO

BBEJICHHS Y (hopMaT IiIKa3KH.

Tenep My BUKOpUCTAEMO HAIIy MOJIeNb TOKeHai3epa, oo oOpoOuTH 111 MiAKa3KU B
TOKEH130BaHI.

Hamia Mera TyT mnonsirae B ToMy, 00 TeHEepyBaTH BXIAHI MOCIIAOBHOCTI 3
y3TOPKEHOI0 JIOBKHHOIO, 110 € KOPUCHUM JJIsi TOHKOTO HaJalllTyBaHHS MOBHOI MOl
IUISIXOM ONTUMI3alii €()eKTUBHOCTI Ta MIHIMI3alli OOYMCIIIOBAaJbHUX BUTpar. BaxxiuBo
MEPEKOHATUCS, IO 111 MOCTIOBHOCTI HE MEPEBUINYIOTh MaKCUMAJIbHHUM JIIMIT MapKepiB

MOJIENTI.

Jlictunr 2.4 — ®yHKIIT TOKeHI3aMi1
from functools import partial

def get_max_length(model) :
conf = model.config
max_length = None
for length_setting in ["n_positions", "max_position_embeddings", "seq_length"]:
max_length = getattr(model.config, length_setting, Mone)
if max_length:
print (f"Found max lenth: {max_length}")
break
if not max_length:
max_length = 1824
print (f"Using default max length: {max_length}")
return max_length

def preprocess_batch{batch, tokenizer, max_length):

Tokenizing a batch
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def preprocess_batch({batch, tokenizer, max_length):

Tokemizing a batch

non

return tokenizer(
batch["text"],
max_length=max_length,
truncation=True,

def preprocess_dataset(tokenizer: AutoTokenizer, max_length: int,seed, dataset):
"""Format & tokenize it so it is ready for training
:param tokenizer (AutoTokenizer): Model Tcokenizer
:param max_length (int): Maximum number of tokens to emit from tckenizer

# Add prompt to each sample
print("Preprocessing dataset...")
dataset = dataset.map(create_prompt_formats)#, batched=True)

# Apply preprocessing to each batch of the dataset & and remove 'instruction',
_preprocessing_function = partial{preprocess_batch, max_length=max_length, tcke
dataset = dataset.map(

_preprocessing_function,

batched=True,

remove_columns=['4id', 'topic', 'dialogue', 'summary'],

# Filter out samples that have input_ids exceeding max_length
dataset = dataset.filter(lambda sample: Llen(sample["input_ids"]) < max_length)

# Shuffle dataset
dataset = dataset.shuffle(seed=seed)

return dataset

BukopucroByroun 111 ¢yHKIii, Hamr HaOip AaHUX Oyae MiArOTOBJICHO 10 MPOIECY

TOHKOT'O HaJIAIITYBAHHA.
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Jlictunr 2.3 — HaGip ganux nomnepeaHboi 00poOKu

## Pre-process dataset
max_length = get_max_length{criginal_model)
primt{max_length)

train_dataset = preprocess_dataset(tokenizer, max_length,seed, dataset['train'])
eval_dataset = preprocess_dataset(tockenizer, max_length,seed, dataset['validation'])

2.4.9 IiagroroBka moaeiai 1 QLoRA

Tyt w™mogens roryerbcss it HaBdaHHS QLORA 3a mgomomororo  yHKII

'prespare_model for kbit training ()'.

# 2 - BukxopmucTaHHA MeTony training model for kbit training
Bim PEFT

# IinroroBkxa Momesii mna QLoRA

original model = pripravi momene njda kbit training (

original model )

s dynkmis iHimiamsye Moaenb st QLORA miisixoM BCTaHOBJICHHS HEOOX1THUX

KOH]ITYypari.
2.4.10 HanamryBanusa PEFT

JaBaiite Tenep Bu3HauMMO KOH(QIirypaumiro LoRA nms TOHKOro HajalmTyBaHHS
0a30B0i MoJIelII.

3BEpHITH yBary Ha rifneprnapameTp pasry (r), Ikl BA3Ha4a€ paHT/po3Mip ajgantepa,
AKUW TOTPIOHO HABYUTHU. T — II€ PAHT MATPUIll HU3BKOTO PAHTy, III0 BUKOPUCTOBYETHCS B
ajanrTepax, sKa TAaKUM YHHOM KOHTPOJIIOE€ KUTbKICTh HABYCHHUX MapameTpiB. Burmii panr
3a0e31eunTh OUIBILY BUPA3HICTb, aJle € KOMIIPOMIC Y OOUYHMCIICHHSX.

Anbda TYT € KoedillieHTOM MaciiTaOyBaHHS JJii BUBYEHUX Bar. Marpuiisi Baru
MaciTalyeThes 3a alibda/r, 1, TAKUM YUHOM, O1TBIIT BUCOKE 3HAUCHHS JIJIs alib(a MpU3HaYae

Oinbiry Bary aktuBaiisiMm LoRA.
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Jlictunr 2.4 — Busnayenns koHndirypariiro LoRA

from peft import LoraConfig, get_peft_model, prepare_model_for_kbit_training

config = LoraConfig(
r=32, #Rank
lora_alpha=32,
target_modules=[
'q_proj’,
'k_proj',
'v_proj',
'dense'’

1,

bias="nona",
lora_dropout=0.85, # Conventional
task_type="CAUSAL_LM",

# 1 — Enabling gradient checkpointing to reduce memory usage during fine—tuning
original_model. gradient_checkpointing_enable()

peft_model = get_peft_model{original_mcdel, config)

Komu Bce HamamroBano Ta PEFT miaroroBieHo, MM MOXEMO BHUKOPHCTATU
nomoMibKHY (QyHKIIitO print trainable parameters (), 1100 mo0a4nTH, CKIJIBKH MTApaMeTpiB,

SIK1 MOJKHA HABYUTH, € B MOJIEII.

print ( print number of trainable model parameters (peft model))

trainable model parameters: 20971520
all model parameters: 1542364160
percentage of trainable model parameters: 1.36%

Pucynok 2.5 — Ilapametpwu, siki MOXHa TPEHYBaTH
2.4.11 Tlepexinnuk PEFT

Bu3znaueHHs1 HaBUaIBLHUX apTyMEHTIB Ta CTBOPEHHS €K3eMIUIIpy Trainer.
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Jlictunr 2.5 — HapuanpHa BUOipKa

output_dir = f'./peft-dialogue-summary-training-{str(int{time.time{}))}"'
import transformers

peft_training_args = TrainingArguments(
output_dir = output_dir,
warmup_steps=1,
per_device_train_batch_size=1,
gradient_accumulation_steps=4,
max_steps=16000,
learning_rate=2e-4,
optim="paged_adamw_8bit",
logging_steps=25,
logging_dir="./logs",
save_strategy="steps",
save_steps=25,
evaluation_strategy="steps",
eval_steps=25,
do_eval=True,
gradient_checkpointing=True,
report_to="ncne",
overwrite_output_dir = 'True',
group_by_length=True,

)

peft_model.config.use_cache = False

peft_trainer = transformers.Trainer(
model=peft_model,
train_dataset=train_dataset,
eval_dataset=eval_dataset,
args=peft_training_args,
data_collator=transformers.DatalocllatorForlLanguageModeling(tokenizer, mlm=False

Tyt mu Bukopucranu 1000 TpeHyBaIbHUX KPOKIB. 3MA€THCS, LIOIO TOCTATHBO IS
HAIIOTo CrelianbHoro Habopy manmx. [loTpiOHO BumpOoOyBaTH pi3HI IUdPH, MEPIT HIXK
3aBepmInTH HaB4aHHs. KpiM Toro, rinepmapaMeTpu, siki BAKOPUCTOBYIOTHCS BUIIE, MOXKYTh
BIJIPI3HSTHCS 3QJIEKHO BiJl HAOOPY aHUX/MOJIEN, K1 MM HaMaraeMoch HajamryBaTd. Le
JIMILE 1T J€MOHCTpallii MOXKJIMBOCTI TOHKOTO HaJIalITyBaHHS.

I[Tounemo HaBuandg. HaByaHHsS Mozell 3alMe JOEIKUM dYac 3aJIE)KHO BIJ

rineprnapaMmeTpiB, SKi BUKOPUCTOBYIOThCS B TrainingArguments.

peft trainer.train ()
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Konu Monenp ycminiHo HaBYeHa, MM MOXKEMO BUKOPHCTOBYBATH 11 JUI OTpUMAaHHS
pe3yibTaTiB y BUIVISLAI BUCHOBKIB. [laBaiiTe Tenep miaroryeMo MoOZellb BUCHOBKY, JO/IaBIIN

ananrep 1o BuxigHoi mogeni Phi-2. Tyt Mu BcraHoBmoeMo is trainable = False,

OCKIJIbKH TUIaH TOJISITA€ JIMIIE Y BUKOHAHHI BUCHOBKY 3a jonoMororo 11iei moxaeni PEFT.

Jlictunr 2.6 — OTpuMaHHs pe3yibTariB Ha TECTOBOMY Ha0Opi TaHUX

import torch

from transformers import AutcTokenizer, AutoModelForCausallM

base_model_id = "microsoft/phi-2"

base_mcdel = AutoModelForCausallM.from_pretrained{base_model_id,
device_map='autoc',
quantization_config=bnb_config,
trust_remote_code=True,
use_auth_token=True)

eval tokenizer = AutoTokenizer.from pretrained(base model id,
add bos token=True, trust remote code=True, use fast=False]
eval tokenizer.pad token = eval tokenizer.eos token

from peft import PeftModel

ft model = PeftModel.from pretrained(base model,
"/kaggle/working/peft-dial ogue-summary-training-1705417060/checkpoint-
1000", torch dtype=torch. floatlg,is trainakle=False)

Tonka HacTpolka 4acTO € TOBTOpIOBaHMM IMporiecoM. Ha ocHOBI pe3ynbrartiB
MepeBipKkM Ta HAOOPIB TECTIB MOXE 3HAAOOUTHCS BHECTH JOJIaTKOBI KOPUT'YBaHHS B
apxiTeKTypy MoJeii, Trinepnapamerpu ab0 HaBYaJIbHI JaHl, 00 TMOKpPauUTH i

NPOAYKTHBHICTG. J[aBaiiTe Ternep moauBUMOCS, K OLIHUTH pe3yabTaT Fine-tuned LLM.
2.4.12 SIkicHa omiHka MojeJti (JIIOAChKA OLIHKA)

Tenep maBaiiTe BUKOHA€MO JIOTTYHUM BHCHOBOK, BUKOPHCTOBYIOUM Ti cami BXigHI

naui, ane 3 mogesuo PEFT, sik Mu pobunu pasiiie Ha Kpoili 7 3 BUX1THOIO MOJEITIO.
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Jlictuar 2.8 — OmiHka TOYHOCTI MOAEN]

%USetime
from transformers import set_seed
set_seed(seed)

index = 5
dialogue = dataset['test'][index]['dialogue’]
summary = dataset['test'][index]['summary']

prompt = T"Instruct: Summarize the following conversation.\n{dialogue}\nOutput:in”

peft_model_res = gen{ft_model,prompt,108,)

peft_model_ocutput = peft_model_res[@].split{'Output:in')[1]
#print{peft_model_ocutput)

prefix, success, result = peft_model_output.partitiont'###')

dash_line = '-'.join('' for x in range(lB@))
print {dash_Line)

print {(f'INPUT PROMPT:\n{prompt}')

print {dash_line)

print {T'BASELINE HUMAN SUMMARY :\n{summary}in')
print (dash_Line)

print{f'PEFT MODEL:\n{prefix}"')

INPUT PROMPT:

Instruct: Summarize the following conversation,

#Personl#: Happy Birthday, this is for you, Brian.

#Personid: I'm so happy you remember, please come in and enjoy the party. Everyone's here, I'm sure you have a good time.
#Personl#: Brian, may I have a pleasure to have a dance with you?

#Persond#: Dk,

#Personl#: This is really wonderful party.

FPerson2#: Yes, you are always popular with everyone, and you look very pretty today.

#Personl#: Thanks, that's very kind of you to say. I hope my necklace goes with my dress, and they both make me look good I feel
#Person2#: You look great, you are absolutely glowing.

#Personl#: Thanks, this is a fine party. We should have a drink together to celebrate your birthday

Qutput:

BASELINE HUMAN SUMMARY:
#Personl# attends Brian's birthday party. Brian thinks #Personl# looks great and charming.

PEFT MODEL:
Brian"s birthday is being celebrated. #Fersonl# compliments Brian's appearance and invites him to have a dance. They both enjoy the party

CPU times: wser 7.33 5, sys: 2,92 ms, total: 7.33 s
Wall time: 7.33 5

Pucynox 2.6 — Buenenns moneni PEFT

2.4.13 KinabkicHa oninka moaeJi (3a gonomororo nokasunka ROUGE)

ROUGE, a6o Recall-Oriented Understudy for Gisting Evaluation, — e nHabip
MOKA3HMKIB 1 MPOTPaMHUN TAKeT, KU BUKOPUCTOBYETHCS JUIS OI[IHKH MPOTPAMHOTO

3a0e3MeueHHs aBTOMAaTHYHOIO MIJCYMOBYBaHHS Ta MAaIIMHHOTO NEpekiaay B 00poOIi
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npupoaHOi MOBH. [I0Ka3HUKHM TOPIBHIOIOTh aBTOMAaTHYHO CTBOPEHE PE3foMe a0o MmepeKia
13 MocHUJIaHHSAM a00 HaOOPOM TOCHIIaHb (CTBOPEHUX JIIOMMHOIO) Pe3foMe abo TepeKIIal.

JlaBaiite Temep Buxkopuctaemo MeTpuky ROUGE s  KUIBKICHOT  OIIIHKH
JOCTOBIPHOCTI MiJICYMKIB, CTBOPEHHX MOJCISIMU. BiH TOpIBHIOE pe3tomMe 3 «0a30BHM»
pe3roMe, SIKe 3a3BUYai CTBOPIOE JIFOJIMHA. X04a I1€ HE 1/1eallbHUI MTOKa3HUK, BIH BKa3y€ Ha
3arajbHE TIJABHUINCHHS €(QEKTUBHOCTI MiJCYMOBYBAaHHS, SIKOTO MU JOCSTIH 3aBISKH
TOHKOMY HaJIAIITyBaHHIO.

o6 mnpomemonctpyBatu MoxumBocTi ROUGE  Metric  Evaluation, wMu

BHKOPHUCTAEMO I[CHKi 3pa3Ku BXiI[HI/IX JaHUX TJIA OIIiHKI/I.

Jlictuur 2.9 — ROUGE Metric Evaluation

original_model = AutoModelForCausallM.from_pretrained{base_model_id,
device_map='auto',
quantization_config=bnb_config,
trust_remote_code=True,
use_auth_token=True)

import pandas as pd

dialogues = dataset['test'][0:10]['dialogue’]
human_baseline_summaries = dataset['test'][0:10]['summary ']

criginal_model_summaries = []

[]

instruct_model_summaries
peft_model_summaries = []

for didx, dialogue in enumerate(dialogues):
human_baseline_text_output = human_baseline_summaries[idx]
prompt = f"Instruct: Summarize the following conversation.\n{dialogue}\nOutput:

original_model_res = gen(original_model,prompt,100,)
original_model_text_output = original_model_res[0].split{'Cutput:in')[1]

peft_model_res = gen{ft_model,prompt,168,)

peft_model_ocutput = peft_model_res[0].split('Output:\n’')[1]
print{peft_model_output)

peft_model_text_output, success, result = peft_model_output.partition('###')

original_model_summaries.append{original_model_text_output)
peft_model_summaries.append{peft_model_text_ocutput)


https://en.wikipedia.org/wiki/ROUGE_(metric)
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zipped_summaries = list{zip{human_baseline_summaries, original_model_summaries, pef

df = pd.DataFrame(zipped_summaries, columns = ['human_baseline_summaries', 'origina
df
import evaluate

rouge = evaluate.load{'rouge')

original_model_results = rouge.compute(
predictions=criginal_model_summaries,
references=human_baseline_summaries[0: len{original_model_summaries)],
use_aggregator=True,
use_stemmer=True,

peft_model_results = rouge.compute(
predictions=peft_model_summaries,
references=human_baseline_summaries[0: len{peft_mcdel_summaries)],
use_aggregator=True,
use_stemmer=True,

print ( 'ORIGINAL MODEL: ')
print{original_model_results)
primt{'"PEFT MODEL: ")
print{peft_model_results)

primt("Absolute percentage improvement of PEFT MODEL over ORIGINAL MODEL")

improvement = (np.array{list{peft_model_results.values())) - np.array{list{original,
for key, value in zip{peft_medel_results.keys{), improvement]:
print(f'{key}: {valuex1G6:.2f}%"

ORIGINAL MODEL:

{'rougel’: @.222180B1629849425, 'rougel”: @.85743495656449943, "rougel': ©.1557406B204174047, 'rougelsum’: 8.16475921435653182}
PEFT MODEL:

{*rougel': 9.32637467207622717, 'rougez”: ©,15143507305779111, “rougel': 0.28300487TIT2085, ‘rougelsum’: ©,207611936228348}

: print{"Absolute percentage improvement of PEFT MODEL over ORIGINAL MODEL™)

improvement = (np.array(list(peft_model_results.values{})) - np.array{list{original_model_results.wvalues())]}
for key, value in zip(peft_model_results.keys(), improvement):
print{f*{key}: {valuesxidd:.2f}%') g @

Abselute percentage improvement of PEFT MODEL owver ORIGINAL HODEL
rougel: 10.42%

rougez: 9,48%

rougel: 12.73%

rougelsum: 13.28%

Pucynok 2.7 — Ouinka metpuku ROGUE

Sk MU MOXXKEMO 0auUTH B HaBEJIEHUX BUIIE Pe3yJbTaTax, ICHy€ 3HaYHE MOKPAILEHHS

B Mozienii PEFT mopiBHSIHO 3 OpUTIHATBHOIO MOJIEIUTIO, IO3HAYEHOIO Y BiJICOTKAX.
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3 BE3ITEKA XKUTTEAIAJIBHOCTI, OCHOBHU OXOPOHMU ITPALLL

3.1 Hlasxy miABUINEHHS KUTTEAIAILHOCTI JIOIUHA

3a3Buyaii, poboTa mporpaMicTa He BKJIIOUAE BAXKKOTO (PI3UYHOTO HAMpPYKEHHS, L0
MOK€ HETaTHBHO BIUIMBATH Ha 370poB's. [Ipote, qocmipkeHHs MOKa3yloTh, 1m0 (Pi3udHi
TPEHYBaHHS 3HAYHO MOJIMNIIYIOTh CTaH Ta QYHKIIT OCHOBHUX OPTaHiB 1 CHCTEM JIFOIUHH.

B3arasi, icHyroTh 1Ba BUM (hi3M9IHOT pOOOTH: cTaTU4HA 1 AuHaMivHa. [Tpu crarnuHiii
poOOTI po3xiJ eHeprii 30UIbIIY€EThCA, 0 NOTpedye MiABUILIEHOrO0 0OMIHY peyoBUH. Taka
po0oTa MIBUAKO BUKJIMKA€E BTOMY Y€pe3 TPUBAJE HAIPYKEHHS M'31B Ta HEAOCTaTHICTbH
KpPOBOOOITY.

Axmo pobOora BUMarae pyxy KIHIIBOK a0O IHIIMX YacTHH Tiia, ii HA3WBAIOTh
auHaMiuyHOO. Taka poOoTa pO3MOALISA€ HABaHTAXEHHS MOETAlHO, 10 HE CHPUYHUHSIE
3aCTOI0 KPOBOMIOCTAYaHHS Ta KUICHEBOTO OOMiHY, TOMY JIFOMWHA MEHIIIE BTOMITIOETHCS.

Cran Ta po6oTa M'sI31B 3aJ1e’KaTh BiJ] HABAaHTAXXEHHS. SIKIIO MPOrpaMicT NpaBUIbHO
niadupae cepeqHi 3HAYeHHs] pUTMY 1 HaBaHTa)KEHHS, 11€ TIOKpally€e HOro NpoayKTUBHICTb
Ta 3aTPUMYE MOSIBY BTOMHU.

[Tpu migOGopi HaBaHTAXKEHHS CJT11 BpaXOBYBaTH NMpodeciiiHy NisUIbHICTh, 0COOUCTICTD
Ta (QI3UMYHUNA CTaH JIOAWHU. 3a3BUYail, MporpamicTd He MarOTh (PI3UYHOI MIATOTOBKH, 1110
MO’K€ MOTIPIIYBATH CTaH CEPLIEBO-CYAUHHOI, TUXAJIbHOI Ta [IEHTPAIbHOI HEPBOBOI CUCTEM.

JlJis MOKpaIleHHs CTaHy LUX CUCTEM Ta MiJABHILEHHS XUTTEIISIbHOCTI JIIOAUHU
HEOOX1AHO BKIIIOUYMTH palloHajdbHE XapuyBaHHSA. KpiM Toro, iCHyrTh 1HIII CIOCOOU
MOKpAIIeHHsI, Taki K (apMakoJOTiyHI Mpemnaparu, JIKapchki pociuHH, dizioTeparis,
Macax, 3arapTOBYBaHHS TOLIO.

XapuyBaHHA € HaWBaXJIMBIIUM (HaKTOPOM, IO BIUIMBAE HA OPraHi3M JIIOAWHM,
OCKUTBKH 3a0e3Meduye eHepreTuyHl pecypcH JUisi YTBOPEHHS TOPMOHIB Ta (DEpPMEHTIB, 110
PErysIoTh 0OMIH PEUOBUH B TKAHUHAX.

PamionansHe xapuyBaHHS Ma€ TPU TPUHIUNHU: BIANOBIAHICT EHEPTETUYHUM
BUTpaTaM OpTaHi3My, BIJIMOBIIHICTh XIMIYHOTO CKJamy ikl (i310J0TIYHUM TOTpedam

OpraHi3Mmy Ta pi3HOMAHITHICTh IPOAYKTIB.
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[lcuxosmoriugli  MeTogd  IMIABUIIEHHS  JKATTEMISUIBHOCTI Ta  BIJIHOBJIEHHS
Mpale31aTHOCTI BKIIIOYAIOTh IICHUXOTEpariio, IMCUXONPO(MIIAKTUKYy Ta IICHXOTITIEHY.
[IcuxompodinakTrka BKIIOYA€E BIPABH, [0 HABYAIOTH pejlaKcarlii M's3iB Ta KOHTPOJIIO HaJI
PO3yMOBOIO TISTBHICTIO.

[IcuxoririeHa BKIIIOYa€ B3AEMOBITHOCHMHHU 3 JIFOIBMH, TapMOHIIO 3 MPHUPOAOIO,
KOMGbOPTHI YMOBH NOOYTY Ta PI3HOMAHITHI BUIH BIJIIOUYUHKY.

[Tim gac po3poOKM Ta BUKOPHUCTAHHS MPOTPAMHOTO 3a0C3MEUCHHS BAXKIMBO HE
3a0yBaTH PO NUISXH MiABUILCHHS XUTTEAISUIBHOCTI, 0COOIUBO JJIs1 0C10, 110 HaJIeXaTh J10
nepioi rpynu PpizuyHoi 3aiHATOCTI (0CO0H, K1 MEPEBAKHO 3alHATI PO3yMOBOIO Tparielo),

AKOIO € IPOrPAMICTH.

3.2 IHcTpykuis Ajsi 00CJIYyroBYHOYOro NMEepPCOHAJY HA BHUNAJ0K BUHUKHEHHS

aBapii, moxe:xi

BuroroBienHss mnponykiii morpedye CyBOpOTO JOTPUMAaHHS IE€BHUX YMOB.
OCHOBHUMHU YMOBaMH, sIKI MOXKYTh MPHU3BECTH JI0 MOXKEK, € KOHTPOIb TEMIIEPAaTypHOTO
peXUMY Ta YTPUMaHHS IPUMIIIEHHS B CYyXOCTI.

HemnpaBunbHe (yHKIIIOHYBaHHS HArpiBajJbHUX E€JIEMEHTIB MOXE MPHU3BECTH 0
KOPOTKOTO 3aMHUKaHHS a00 TOJIOMKH, IO 3arpoKy€ MOXKEXKEH Ta Oe3mell MepcoHay
MeKapHi.

VY pasi noxexi nepcoHasa MOBUHEH HETalHO MOBIIOMHUTH OMEPATUBHO-PATYBAJIbHY
ciry0y LMBUIBHOTO 3aXUCTy 3a HoMepoMm 101.

[Tix gac n3BiHKa HEOOXIMHO HaaaTH iH(OpPMAIIiIO MPO ajapecy, KiIbKICTh IMOBEPXIB
OymiBIIi, MiClle BUHUKHEHHS MOXKEX1 Ta HasBHICTD Jitofei. Takoxk MOXyTh 3alluTaTH Ballle
MPI3BUIIE AJIsI MOJAJIBINOT CIiBIIpAIIi.

[Ticnst moBiOMIIEHHS TIPO TIOXKEXKY HEOOX1HO HETalHO 1 CIIOKIMHO MOBIJJOMUTH BCI1X
PO TEPMIHOBY €BaKyallil0, BAKOPUCTOBYIOUM CUCTEMY OMOBIIIEHHS, SIKIIO Taka €. Tpedba
nepepaxyBaTd BCIX €BaKyHOBaHMX 1 B pa3l BIJACYTHOCTI MPAIliBHHUKIB Mi3HATHCS iXHE
MiciieniepeOyBaHHs 1 nepeaartu 1o 1HGOpMaIliio TPeCTaABHUKY ONEPATUBHO-PATYBAIBHOI

CITY>KO0H, sika mpulysa Ha MiCIIE.
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HactynHum eranoMm € raciHHs 3aropsiHHs abo ocepeAxKy MoxKexl J0 NpulyTTs
OTIEPAaTUBHO-PATYBAILHOT CTYKOH. J[J1s IThbOTO HEOOX1THO BIAKITFOUNUTH €JIEKTPUKY B OY/IIBII
Ta MOYaTH TaCiHHS 3a JI0MIOMOTOI0 MEPBUHHUX 3aC001B MOKEKOTACIHHS.

SKI1110 B MPUMIIIIEHH] € CUCTEMH MPOTHUIIOKEKHOTO 3aXUCTY, Tpeba MepeBipuTH IXHIO
po0OOTYy 200 aKTHBYBATH iX.

Ski1o Hemae npsMoi 3arpo3u, NOTPiIOHO €BaKyIOBaTH MaTepialibHI IIHHOCTI 3T1AHO 3
MJIAHOM TIEPIIOYEPTOBOCTI €BaKyallii, a TAKOXK 3a0e3meunTr OE3MeKy MmeYaTok, ITaMIIiB.

[Ipu 3ycTpidi 3 ONEpPaTUBHO-PATYBAIBHOIO CIYKOOK ITMBUIBHOTO 3aXUCTY, CIif
MOBIJJOMUTHU KEPIBHUKA CITY>KOU MMPO HACTYIIHE: HASIBHICTH JIFO/IEH y OYIIiBII1, SIKUM 3aTPOXKY€E
MOXKeXKa, IXHIO KUIbKICTh, MICII€ BUHUKHEHHSI MOXKEX1, TOPIOYl MPUMIILICHHS Ta MOXJIUBE
MOIIUPEHHS BOTHIO 1 UMY, & TAKOK MICIIE3HAXO/KEHHS TTOKEKHUX T1JIPAHTIB.

3Bakaloun Ha Te€, 110 MM KOPUCTYEMOCH IIUM IMOCIOHMKOM Ha TIE€KApHIi, Ba)JIUBO

3HATH, SIK JIISTH Y BUTAJKY TTOXKEXKI.

3.3 Bumoru 10 npodijIakTHYHUX MeIUYHUX OrJIsAaiB 1is npauniBHukiB ITK

VY nporpawmicTi, ski npaioroTh 3 [IK npotsarom TpuBansoro yacy, MOXXyTbh BUHHUKATH
npoOsieMHu, TOB's13aH1 31 370POB'SIM, TaKl SIK CEPIIEBO-CYIMHHI 3aXBOPIOBAHHSI, TOJIOBHI 00JI1,
00711 B cyro6ax 1 T.11.

OTxe, mpaliBHUKH, [0 BUKOPUCTOBYIOTh KOMIT'FOT€PH, IOBUHHI TPOUTH 000B'SI3KOBI
meanuHi omisiid. OOOB'SI3KOBICTh TaKUX OIVISAIB JJIsE TPAIIBHUKIB, SKI MPAILIOIOTH 3
€JIEKTPOHHO-O0UMCITIOBATbHUMHA MAaIllMHAMU, BCTaHOBIEHA B Jlep)kKaBHHX CaHITapHUX
npaBuwiIax 1 HOpMax PoOOTH 3 BI3yaJIbHUMH JUCIJICHHUMHU TepMIHAJIIAMU E€JIEKTPOHHO-
obuncmopanpHuX MammuH (JICanlliH 3.3.2.007-98) [8].

MeauyHi omisAu TpaliBHUKIB, SKI TPAIIOIOTh 3 BI3yaJbHUMHU JUCIICHHUMHU
TEPMIHATAMH  E€JIEKTPOHHO-OOUHUCITIOBAIIBHUX  MAIllMH,  BKIIIOYAlOYM  KOJIEKTUBHO
BHUKOPHUCTOBYBaHI1 Ta MepCOHaIbHI KOMIT'IOTEpPH, € 00OB'I3KOBUMH.

[{i ormsam TPOBOAATHCS TOMEPEAHHO TPU MPUHOMI HA POOOTY 1 MEPIOTUIHO
MPOTATOM TPYAOBOI TisIBHOCTI. BOHM 3miliCHIOIOTBCS 3rimHO 3 BuUMoramu llopsaky
IPOBEECHHS MEANYHUX OIVISAIB MEBHUX KaTEropiil MpamiBHUKIB, sIKWW OyB 3aTBEPIKEHUIN

MinictepcTBOM 0X0poHU 310poB's Big 21.05.2007 p. Ne 246 [9].
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MenuuHi orisiiv MOBUHHI MPOBOAUTUCH Pa3 HA JIBA POKH 1 BKJIFOUATH KOHCYJBTAIIIO
3 TepameBTa, HeBporartoiora Ta odrampmoiora. Y pasi HeoOXiTHOCTI MOXYTh OyTH
3aJTy4eHi JiiKapi 1HIIMX CIeIiaJbHOCTEH.

MeTtoro 1IMX OIVISAIB € BYACHE BHSIBICHHS 3aXBOPIOBaHb, BIUIMBY 3arajbHHUX 1
npodeciiaux (akTopiB Tparli, MOCTIHHOTO KOHTPOJIO 3a CTAHOM 370pPOB'S B yYMOBax
IIK1IJIMBUX Ta HeOe3MeYHUX BUPOOHNYIMX (haKTOpiB, PO3poOKa IIporpaM O310POBJICHHS Ta
peabiniTalii mpaiiBHUKIB, SKi MOTPAIUIIIOTH Y TPYITY PU3HKY.

[IpoBeneHHss MEAMYHHUX OIVISAIB TAaKOK Ma€ Ha METI OI[IHKY MNPUAaTHOCTI
npailiBHUKIB. Lle BKIItOUae mepeBipKy rocTpoTH 30py, PEaKIlii, ajamnTailii Ta CTaHy OkKa, a
TAKOX OIIHKY 3arajIbHOTO CTaHy OpraHi3My.

OctaTto4He pileHHsT PO MPUJIATHICTH J0 POOOTU MPUNAMAETHCS 1HAMBIAYAIBHO 3
ypaxyBaHHSIM OCOOMMBOCTEH TMpaliBHUKA, yYMOB Ipall Ta pe3yJbTaTiB J0JaTKOBHX
MEIUYHUX OTJISAIIB.

XpoHIYHI (POPMH MCUXIYHUX 3aXBOPIOBaHb, 3aXBOPIOBAHHS €HAOKPUHHOI CUCTEMH,
cepio3Hi mpoOeMu 3 OpOHXIAILHOIO CUCTEMOIO, TinepTroHiuHa xBopooa III cranii Ta iHmI
3aXBOPIOBAHHS € IPOTUIIOKA3aHHIMHU ISl pOOOTH 3 KOMIT'FOTEPOM.

[IpoTsiroM MeauyHOrO OmIsiAY poOOTOAABElb MOBUHEH 30epiratu pobdoye Micle Ta
3apo0iTHY Mary npauiBHuKa. [licns omisny poOoTonaBenb MOBIIOMIISIE MPALlIBHUKA PO
MO>KJTUBICTH MPOJOBKYBATH 200 MPUMUHUTH POOOTY.

[lin yac BUKOHaHHS KBami(iKaliiHOi poOOTH OakayaBpa, sKa BKJIOYaiga poooTy 3

[1K, Oynu moTpumani BiAMOBIAHI MPOGUTIAKTUYHI OTJIS]IH.
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BUCHOBOK

Tonka HacTpoilka Beaukux MOBHUX wmojened (LLM) crana BaxiIMBOIO Jid
HiIPUEMCTB, SIKI MPAarHyTh ONTHMI3yBaTH CBOI OMepaliiHi mpouecu. Y TOW yac fK
MMOYaTKOBa IMIJITOTOBKA MaricTpa HAJa€ MIMPOKE PO3YMIHHS MOBH, MPOIEC TOHKOTO
HaJIAIITYBaHHS BIOCKOHAIOE 111 MOJIEJI B CIEIiai30BaHi IHCTPYMEHTH, 3/1aTH1 00poOIsITH
KOHKPETHI TEMHU Ta HaJlaBaTu OUIbII TOuH1 pe3ynbratu. [IpucrtocyBanns LLM nss okpemux
3aBlIaHb, TATY3ed YU HAOOPIB JAHUX PO3IMIUPIOE MOKITUBOCTI ITUX MOJIEIIEH, 3a0€3 eIy 0un
iX aKTyaJIbHICTb 1 IHHICTh Y JUHAMIYHOMY HIU(PPOBOMY CEpEIOBUIII. 3aryisgalouu BIepes,
TpUBaIO4l JOCHIDKeHHsS Ta iHHoBamii B LLMs y mnoenHaHHI 3 BJIOCKOHAJICHUMH
METOJIOJIOTISIMM TOHKOTO HaJallTyBaHHS TOTOBI CHPHUSATH pPO3pOOLI PO3YMHIIIMX,
e(EeKTUBHIIIUX CUCTEM IITYYHOTO 1HTEJIEKTY 3 YPaXyBaHHSIM KOHTEKCTY.

[lokpamenHss Benukux MOBHMX Mozened (LLM) moxe mnpusBecTd [0 psay
3HAYYIIUX PE3YJIbTaTIB, K1 MAIOTh BaXKJIMBUM BIUIUB SIK HA TEXHOJIOTTYHUN PO3BUTOK, TaK 1
Ha MPAKTU4YHI 3acTOCyBaHHA. OCh JIesKl 3 OCHOBHUX PE3YJIbTaTIB, sIKI MO)KHA O4IKYBaTH:

1. IligBUILIEHHS TOYHOCTI Ta AKOCT1 BIAIIOBIIEH:

- Mogeni 3MOXyTh Te€HEpyBaTH OUIBII TOYHI, PEJICBAHTHI Ta KOHTEKCTYyaJlbHO
aJIcKBaTHI BIJIIOBI/]L.
- 3HI)KEHHS KUTBKOCT1 TOMUJIOK Ta HEJOPEYHUX BIJIIOBIICH.

2. IlokpaiteHHs: pO3yMiHHSI KOHTEKCTY:

- 3paTHICTh MOJENEH Kpalle pO3yMITH CKJIagHI KOHTEKCTH, 30KpeMa B
0araTto3HauHUX CUTYyaIliIIX a00 MPHU HASIBHOCTI CKJIAHUX IPAaMaTUYHUX KOHCTPYKITIH.
- [ligBuiiena 3M1aTHICTH BPaXOBYyBaTH MOIEPEIHI 1aJIOTH Y TPUBATIMX B3aEMOIISIX.

3. 3HMKEHHS yIIepeIKeHb Ta €TUYHUX MPOoOIeM:

- 3MEHIIIEHHS TPOSIBIB YIEPEIKEHb, 110 BiIOOPAXKAIOTHCS Y BIIMOBIAIX MOJIENI,
3aBASKH MOKPAIICHHIO HAaBYaHHS Ta 00pOOIll JaHUX.

- binmbmn BiAMOBiZadbHI Ta €TUYHO OOTPYHTOBAHI PE3YJbTaTH, IO BPaXOBYIOThH
COLIIaNIbH1 Ta KYJIBTYPHI aCTIEeKTH.

4. 3MeHIIeHHs po3Mipy Mojeneit 0e3 BTpaTu MpOAyKTUBHOCTI:

- Ontumizaiiisi MozieNiel Ui 3HIDKEHHS 1X pO3MIpYy Ta OOYUCTIOBAIBHUX BUTPAT,

10 POOUTSH iX OUTBII JOCTYITHUMU JJISI IIUPOKOTO BUKOPUCTAHHS.
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- IligBumeHnHs e(eKTUBHOCTI BUKOPHCTAHHS PECYpCiB MiJ Yac HaBYAaHHS Ta
PO3TOPTaHHS MOJIEJIEH.
5. IlokpareHHs criemiamizaiii 1Ji1 KOHKPETHUX JIOMEHIB:
- Po3poOka mozeneil, siki Kpalle MpaiioTh Y COCHU(PIYHUX Taly3siX, TAKUX SK
MEIMIIMHA, TIPaBO Y (hiHAHCH.
- Bumuii piBeHb TOYHOCTI Ta KOPUCHOCTI Y BY3bKOCTICITIaJII30BAaHUX 3aB/IaHHSIX.
6. [TokpareHHs IHTEPaKTUBHOCTI Ta KOPUCTYBAITLKOTO JTOCBITY:
- binpm nmpupogHa 1 B3aeMojliifHa KOMYHIKaIlisl 3 KOPUCTyBayaMH, IO CIIPUSIE
M1BUIIIEHHIO 33/I0BOJICHOCT1 KOPUCTYBAaYiB.
- 30aTHICTh MOJIEJ aJanTyBaTUCS 10 CTUJIIO Ta MOTPeO KOPUCTyBaya y PEKUMI
peanbHOro yacy.
7. Po3mmpeHHsT MOKJIMBOCTEN 3aCTOCYBAHHS:
- Hosi moxnuBocTi aiis 3actocyBanHs LLM y pi3HUX ramy3sx, BiJl aBTOMaTH3aIlii
013HEC-TIPOIIECIB /0 CTBOPEHHS KOHTEHTY.
- [TigBuieHHs1 ePEeKTUBHOCTI Y 3aBAAHHIX, 10 NOTPEOYIOTh 0OPOOKH MPUPOTHOL
MOBH, TaKUX SIK MEPEKIIA]], pe3IOMyBaHHS TEKCTIB, aHaJ13 TOHAJIBHOCTI TOIIO.
Orxe, nokpamenHss LLM mozeneil Moxke 3HAYHO PO3LIUPHUTH iX MOMKIMBOCTI Ta
MIJBUILUTH IXHIO KOPUCHICTD y P13HUX cdepax, 3a0e3neuyroun O1IbIl TOUHI, €(hEeKTUBHI Ta

€TUYHO BIJIMOBIIATbHI PE3YJIbTATH.
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Jonaroxk A

IIporpamuuii KOX J0AATKY

trainer.py

import logging

from functools import partial

from pathlib import Path

from typing import Any, Dict, List, Tuple, Union

import click

import numpy as np

from datasets import Dataset, load dataset

from transformers import (
AutoModelForCausallM,
AutoTokenizer,
DataCollatorForLanguageModeling,
PreTrainedTokenizer,
Trainer,
TrainingArguments,
set seed,

)

from .consts import (
DEFAULT_INPUT_MODEL,
DEFAULT_SEED,
PROMPT_WI TH_INPUT_FORMAT ,
PROMPT NO INPUT FORMAT,
END KEY,
INSTRUCTION_KEY,
RESPONSE_KEY NL,
DEFAULT_TRAINING_DATASET ,
)

logger = logging.getLogger( name )
ROOT PATH = Path( file ).parent.parent

class DataCollatorForCompletionOnlyLM(DataCollatorForLanguageModeling) :
def torch call(self, examples: List[Union[List[int], Any, Dict[str, Anyl]l])
-> Dict[str, Any]:
batch = super().torch call (examples)

# The prompt ends with the response key plus a newline. We encode this
and then try to find it in the

# sequence of tokens. This should just be a single token.

response_token ids self.tokenizer.encode (RESPONSE KEY NL)

labels = batch["labels"].clone()
for i in range(len (examples)):

response token ids start idx = None

for idx in np.where (batch["labels"][i] == response token ids[0]) [0]:
response token ids start idx = idx
break

if response token ids start idx is None:



raise RuntimeError (
f'Could not find response key {response token ids} in token
IDs {batch["labels"][i]}'
)

response token ids end idx = response token ids start idx + 1

# Make pytorch loss function ignore all tokens up through the end of
the response key
labels[i, :response token ids end idx] = -100

batch(["labels"] = labels

return batch

def preprocess_batch (batch: Dict[str, List], tokenizer: AutoTokenizer,
max length: int) -> dict:
return tokenizer(
batch["text"],
max length=max length,
truncation=True,

def load training dataset (path or dataset: str = DEFAULT TRAINING DATASET) ->
Dataset:
logger.info (f"Loading dataset from {path or dataset}")
dataset = load dataset(path or dataset) ["train"]
logger.info ("Found %d rows", dataset.num rows)

def add text (rec):

instruction = rec["instruction"]
response = rec|["response"]
context = rec.get ("context")

if not instruction:
raise ValueError (f"Expected an instruction in: {rec}")

if not response:
raise ValueError (f"Expected a response in: {rec}")

# For some instructions there is an input that goes along with the
instruction, providing context for the
# instruction. For example, the input might be a passage from Wikipedia
and the instruction says to extract
# some piece of information from it. The response is that information
to extract. In other cases there is
# no input. For example, the instruction might be open QA such as asking
what year some historic figure was
# born.
if context:
rec["text"] =
PROMPT WITH INPUT FORMAT.format (instruction=instruction, response=response,
input=context)
else:
rec["text"] =
PROMPT NO INPUT FORMAT.format (instruction=instruction, response=response)
return rec

dataset = dataset.map( add text)



return dataset

def load tokenizer (pretrained model name or path: str = DEFAULT INPUT MODEL) ->

PreTrainedTokenizer:

logger.info (f"Loading tokenizer for {pretrained model name or path}")

tokenizer = AutoTokenizer.from pretrained(pretrained model name or path)

tokenizer.pad token = tokenizer.eos token

tokenizer.add special tokens({"additional special tokens": [END_KEY,
INSTRUCTION KEY, RESPONSE KEY NL]})

return tokenizer

def load model (
pretrained model name or path: str
gradient checkpointing: bool = False
) —-> AutoModelForCausallLM:
logger.info (f"Loading model for {pretrained model name or path}")
model = AutoModelForCausallLM.from pretrained(
pretrained model name or path, trust remote code=True, use cache=False
if gradient checkpointing else True
)

return model

DEFAULT INPUT MODEL, *,

def get model tokenizer(

pretrained model name or path: str = DEFAULT INPUT MODEL, *,
gradient checkpointing: bool = False
) —-> Tuple[AutoModelForCausallLM, PreTrainedTokenizer]:
tokenizer = load tokenlzer(pretralned model name or path)
model load model(pretralned model name or path,
gradient checkpointing= gradlent checkpointing)
model.resize token embeddings (len(tokenizer))
return model, tokenizer
def preprocess_dataset (tokenizer: AutoTokenizer, max length: int,

seed=DEFAULT SEED, training dataset: str = DEFAULT TRAINING DATASET) -> Dataset:
"""Loads the training dataset and tokenizes it so it is ready for training.

Args:

tokenizer (AutoTokenizer): Tokenizer tied to the model.

max length (int): Maximum number of tokens to emit from tokenizer.
Returns:

Dataset: HuggingFace dataset

dataset = load training dataset (training dataset)

logger.info ("Preprocessing dataset")
_preprocessing function = partial (preprocess_batch, max length=max length,
tokenizer=tokenizer)
dataset = dataset.map(
_preprocessing function,
batched=True,
remove columns=["instruction", "context", "response", "text",
"category"],

)



# Make sure we don't have any truncated records,
keyword is missing.
logger.info ("Processed dataset has %d rows",
dataset
logger.info ("Processed dataset has
dataset.num_rows)

records",

logger.info ("Shuffling dataset")
dataset dataset.shuffle (seed=seed)

logger.info ("Done preprocessing")

return dataset

def train(

*
4

input model: str,

local output dir: str,

dbfs output dir: str,

epochs: int,

per device train batch size: int,
per device eval batch size: int,

lr: float,

seed: int,

deepspeed: str,

gradient checkpointing: bool,
local rank: str,

bfl6: bool,

logging steps: int,

save steps: int,

eval steps: int,

test size: Union[float, int],

save total limit: int,
warmup_ steps: int,
training dataset: str

DEFAULT TRAINING DATASET,

set seed(seed)
model, tokenizer = get model tokenizer (

pretrained model name or path=input model,
gradient checkpointing=gradient checkpointing

)

# Use the same max length that the model supports.

setting can't be found.

# The configuraton for the length can be
depending on the model. Here we attempt

# a few possible names we've encountered.

conf = model.config

max length = None

for length setting in ["n positions",
"seq length"]:

max_ length getattr (model.config,
if max length:
logger.info (f"Found max lenth:
break
if not max length:
max_ length 1024
logger.info (f"Using default max length:

as this would mean the end

dataset.num rows)
dataset.filter (lambda rec: len(rec["input ids"])

< max_length)

$d rows after filtering for truncated

Fall back to 1024 if the

stored under different names

"max position_ embeddings",

length setting, None)

{max length}")

{max length}")



processed dataset preprocess_dataset (tokenizer=tokenizer,

max length=max length, seed=seed, tralnlng dataset=training dataset)

seed=seed)

split dataset processed dataset.train test split(test size=test size,

logger.info("Train data size: %d", split dataset["train"].num rows)
logger.info ("Test data size: %d", split dataset["test"].num rows)

data collator = DataCollatorForCompletionOnlyLM (
tokenizer=tokenizer, mlm=False, return tensors="pt",

pad to multiple of=8

)

# enable fpl6 if not bfle
fple = not bflo6

if not dbfs output dir:
logger.warn("Will NOT save to DBFS")

training args = TrainingArguments (
output dir=local output dir,
per device train batch size=per device train batch size,
per device eval batch size=per device eval batch size,
fple=fple,
bflé=bfle,
learning rate=lr,
num train epochs=epochs,
deepspeed=deepspeed,
gradient checkpointing=gradient checkpointing,
logging dir=f"{local output dir}/runs",
logging strategy="steps",
logging steps=logging steps,
evaluation strategy="steps",
eval steps=eval steps,
save strategy="steps",
save steps=save steps,
save total limit=save total limit,
load best model at end= False,
report to—"tensorboard"
disable tgdm=True,
remove unused columns=False,
local rank=local rank,
warmup steps=warmup steps,

logger.info ("Instantiating Trainer")

trainer Trainer (
model=model,
tokenizer=tokenizer,
args=training args,
train dataset=split dataset["train"],
eval dataset=split dataset["test"],
data collator=data collator,

logger.info ("Training")
trainer.train ()

logger.info (f"Saving Model to {local output dir}")
trainer.save model (output dir=local output dir)



if dbfs_output dir:
logger.info (f"Saving Model to {dbfs output dir}")
trainer.save model (output dir=dbfs output dir)

logger.info ("Done.")

@click.command ()

@click.option("--input-model", type=str, help="Input model to fine tune",
default=DEFAULT INPUT MODEL)

@click.option("--local-output-dir", type=str, help="Write directly to this local
path", required=True)

@click.option("--dbfs-output-dir", type=str, help="Sync data to this path on
DBFS")

@click.option("--epochs", type=int, default=3, help="Number of epochs to train
for.")

@click.option("--per-device-train-batch-size", type=int, default=8, help="Batch
size to use for training.")

@click.option ("--per-device-eval-batch-size", type=int, default=8, help="Batch

size to use for evaluation.")
@click.option(
"--test-size", type=int, default=1000, help="Number of test records for
evaluation, or ratio of test records."

)

@click.option ("--warmup-steps", type=int, default=None, help="Number of steps to
warm up to learning rate")

@click.option("--logging-steps", type=int, default=10, help="How often to log")

@click.option("--eval-steps", type=int, default=50, help="How often to run
evaluation on test records")

@click.option("--save-steps", type=int, default=400, help="How often to
checkpoint the model")

@click.option("--save-total-1limit", type=int, default=10, help="Maximum number
of checkpoints to keep on disk")

@click.option("--1r", type=float, default=le-5, help="Learning rate to use for
training.")

@click.option("--seed", type=int, default=DEFAULT SEED, help="Seed to use for
training.")

@click.option ("--deepspeed", type=str, default=None, help="Path to deepspeed
config file.")

@click.option("--training-dataset", type=str, default=DEFAULT TRAINING DATASET,

help="Path to dataset for training")
@click.option(
"--gradient-checkpointing/--no-gradient-checkpointing",
is flag=True,
default=True,
help="Use gradient checkpointing?",
)
@click.option (
"--local rank",
type=str,
default=True,
help="Provided by deepspeed to identify which instance this process is when
performing multi-GPU training.",
)
@click.option("--bfle6e", type=bool, default=None, help="Whether to wuse bflé6
(preferred on A100's).")
def main (**kwargs) :
train (**kwargs)

if name == " main ":



logging.basicConfig(
format="% (asctime) s % (levelname) s
level=logging.INFO, datefmt="%Y-%m-%d SH:%M:%S"
)
try:
main ()
except Exception:
logger.exception("main failed")
raise

[% (name) s]

% (message)s",



generate.py

import logging

import re

from typing import List, Tuple
import torch

import numpy as np

from transformers import (
AutoModelForCausallM,
AutoTokenizer,
Pipeline,
PreTrainedModel,
PreTrainedTokenizer,

from transformers.utils import is tf available

if is_tf available():
import tensorflow as tf

from .consts import END KEY, PROMPT FOR GENERATION FORMAT, RESPONSE KEY

logger = logging.getLogger (_ name )

def load model tokenizer for generate (
pretrained model name or path: str,
) —-> Tuple[PreTrainedModel, PreTrainedTokenizer]:

"""Toads the model and tokenizer so that it can be used for generating
responses.

Args:
pretrained model name or path (str): name or path for model

Returns:
Tuple[PreTrainedModel, PreTrainedTokenizer]: model and tokenizer
mwoan
tokenizer = AutoTokenizer.from pretrained(pretrained model name or path,
padding side="left")
model = AutoModelForCausalLM.from pretrained (
pretrained model name or path, device map="auto",
torch dtype=torch.bfloatl6, trust remote code=True
)

return model, tokenizer

def get special token id(tokenizer: PreTrainedTokenizer, key: str) -> int:
"""Gets the token ID for a given string that has been added to the tokenizer
as a special token.

When training, we configure the tokenizer so that the sequences like "###
Instruction:" and "### End" are

treated specially and converted to a single, new token. This retrieves the
token ID each of these keys map to.

Args:
tokenizer (PreTrainedTokenizer): the tokenizer
key (str): the key to convert to a single token

Raises:
ValueError: if more than one ID was generated



Returns:
int: the token ID for the given key
token ids = tokenizer.encode (key)
if len(token ids) > 1:
raise ValueError (f"Expected only a single token for '{key}' but found
{token ids}™")
return token ids[0]

class InstructionTextGenerationPipeline (Pipeline) :
def  init
self, *args, do_sample: bool = True, max new tokens: int = 256, top p:
float = 0.92, top k: int = 0, **kwargs
)t

"""Initialize the pipeline

Args:
do_sample (bool, optional): Whether or not to use sampling. Defaults
to True.
max new tokens (int, optional): Max new tokens after the prompt to
generate. Defaults to 256.
top p (float, optional): If set to float < 1, only the smallest set
of most probable tokens with
probabilities that add up to top p or higher are kept for
generation. Defaults to 0.92.
top _k (int, optional): The number of highest probability vocabulary
tokens to keep for top-k-filtering.
Defaults to O.

win

super (). init (*args, do_sample=do_ sample,
max new_ tokens=max new tokens, top p=top p, top k=top k,
**kwargs)

def sanitize parameters(self,
return full text: bool = None,
**generate kwargs) :
preprocess params = {}

# newer versions of the tokenizer configure the response key as a special
token. newer versions still may

# append a newline to yield a single token. find whatever token is
configured for the response key.

tokenizer response key = next(

(token for token 1in self.tokenizer.additional special tokens if

token.startswith (RESPONSE KEY)), None

)

response key token id = None
end key token id = None
if tokenizer response key:
try:
response key token id = get special token id(self.tokenizer,
tokenizer response_ key)
end key token id

get special token id(self.tokenizer,
END KEY)

# Ensure generation stops once it generates "### End"

generate kwargs["eos token id"] = end key token id
except ValueError:

pass



forward params = generate kwargs

postprocess params = {
"response key token id": response key token id,
"end key token id": end key token id

if return full text is not None:
postprocess params["return full text"] = return full text

return preprocess params, forward params, postprocess params

def preprocess(self, instruction text, **generate kwargs):
prompt text =
PROMPT FOR GENERATION FORMAT.format (instruction=instruction text)
inputs = self.tokenizer (
prompt text,
return tensors="pt",
)
inputs["prompt text"] = prompt text
inputs["instruction text"] = instruction text
return inputs

def forward(self, model inputs, **generate kwargs):
input ids = model inputs["input ids"]
attention mask = model inputs.get("attention mask", None)

if input ids.shape[l] == 0:
input ids = None
attention mask = None
in b =1

else:
in b = input ids.shape[0]

generated sequence = self.model.generate (
input ids=input ids.to(self.model.device),
attention mask=attention mask.to(self.model.device),
pad token id=self.tokenizer.pad token id,
**generate kwargs,

out b = generated sequence.shape[0]
if self.framework == "pt":
generated sequence = generated sequence.reshape(in b, out b // in b,
*generated sequence.shape[l:])
elif self.framework == "tf":
generated sequence = tf.reshape (generated sequence, (in b, out b //
in b, *generated sequence.shapell:]))

instruction text = model inputs.pop("instruction text")

return {"generated sequence": generated sequence, "input ids":
input ids, "instruction text": instruction text}
def postprocess (self, model outputs, response_key token id,

end key token id, return full text: bool = False):

generated sequence = model outputs["generated sequence"][0]
instruction text = model outputs["instruction text"]

generated sequence: List[List[int]] =
generated sequence.numpy () .tolist ()
records = []



for sequence in generated sequence:

# The response will be set to this variable if we can identify it.
decoded = None

# If we have token IDs for the response and end, then we can find
the tokens and only decode between them.
if response key token id and end key token id:

# Find where "### Response:" is first found in the generated
tokens. Considering this is part of the
# prompt, we should definitely find it. We will return the
tokens found after this token.
try:
response pos = sequence.index (response key token id)
except ValueError:
logger.warn (£"Could not find response key

{response key token id} in: {sequence}")
response _pos = None

if response pos:
# Next find where "### End" is located. The model has been
trained to end its responses with this
# sequence (or actually, the token ID it maps to, since it
is a special token). We may not find
# this token, as the response could be truncated. If we
don't find it then just return everything
# to the end. Note that even though we set eos token id, we
still see the this token at the end.
try:
end pos = sequence.index(end key token id)
except ValueError:
end pos = None

decoded = self.tokenizer.decode (sequence[response pos + 1
end pos]) .strip()

if not decoded:
# Otherwise we'll decode everything and use a regex to find the

response and end.

fully decoded = self.tokenizer.decode (sequence)

# The response appears after "### Response:". The model has
been trained to append "### End" at the
# end.
m = re.search(r"#+\s*Response:\s* (.+?) #+\s*End", fully decoded,
flags=re.DOTALL)
if m:
decoded = m.group(l) .strip ()
else:
# The model might not generate the "### End" sequence before
reaching the max tokens. In this case,
# return everything after "### Response:".
m = re.search (r"#+\s*Response:\s* (.+)", fully decoded,
flags=re.DOTALL)
if m:
decoded = m.group(l) .strip ()
else:
logger.warn (f"Failed to find response

in:\n{fully decoded}")



# If the full text is requested, then append the decoded text to the
original instruction.

# This technically isn't the full text, as we format the instruction
in the prompt the model has been
# trained on, but to the client it will appear to be the full text.
if return full text:
decoded = f"{instruction text}\n{decoded}"

rec = {"generated text": decoded}
records.append (rec)

return records

def generate response (
instruction: str,

*
4

model: PreTrainedModel,
tokenizer: PreTrainedTokenizer,
**kwargs,
) —-> str:
"""Given an instruction, uses the model and tokenizer to generate a response.
This formats the instruction in
the instruction format that the model was fine-tuned on.

Args:
instruction (str): description_
model (PreTrainedModel): the model to use
tokenizer (PreTrainedTokenizer): the tokenizer to use

Returns:

str: response
mwoan

generation pipeline = InstructionTextGenerationPipeline (model=model,
tokenizer=tokenizer, **kwargs)

return generation pipeline(instruction) [0] ["generated text"]



consts.py

DEFAULT INPUT MODEL = "EleutherAI/pythia-6.9b"
SUGGESTED INPUT MODELS = [

"EleutherAI/pythia-2.8b",

"EleutherAI/pythia-6.9b",

"EleutherAI/pythia-12b",

"EleutherAI/gpt-j-6B",

"databricks/dolly-v2-3b",

"databricks/dolly-v2-7b",

"databricks/dolly-v2-12b"
]
DEFAULT TRAINING DATASET = "databricks/databricks-dolly-15k"
INTRO BLURB = (

"Below 1is an instruction that describes a task. Write a response that

appropriately completes the request."

)

INSTRUCTION KEY = "### Instruction:"
INPUT KEY = "Input:"

RESPONSE_KEY = "### Response:"

END KEY = "### End"

RESPONSE KEY NL = f"{RESPONSE KEY}\n"
DEFAULT SEED = 42

# This 1is a training prompt that does not contain an input string. The
instruction by itself has enough information

# to respond. For example, the instruction might ask for the year a historic
figure was born.

PROMPT NO_ INPUT FORMAT = """{intro}

{instruction key}
{instruction}

{response key}
{response}

{end key}""".format (
intro:INTRO_BLURB,
instruction key=INSTRUCTION KEY,
instruction="{instruction}",
response key=RESPONSE KEY,
response="{response}",
end key=END KEY,

# This is a training prompt that contains an input string that serves as context
for the instruction. For example,

# the input might be a passage from Wikipedia and the intruction is to extract
some information from it.

PROMPT WITH INPUT FORMAT = """{intro}

{instruction_ key}
{instruction}

{input key}
{input}

{response key}
{response}

{end key}""".format (
intro=INTRO_BLURB,



instruction key=INSTRUCTION KEY,
instruction="{instruction}",
input key=INPUT KEY,
input="{input}",
response key=RESPONSE KEY,
response="{response}",
end key=END KEY,

)

# This 1is the prompt that is used for generating responses using an already
trained model. It ends with the response

# key, where the job of the model is to provide the completion that follows it
(i.e. the response itself).

PROMPT FOR GENERATION FORMAT = """{intro}

{instruction key}
{instruction}

{response key}

"mn_ format (
intro=INTRO_BLURB,
instruction_key=INSTRUCTION_KEY,
instruction="{instruction}",
response key=RESPONSE KEY,



