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o RERARGATAEHRIBEEL
o METHE—F&/]\AR
o iLIREER:

o REERHRHAER

o BAFILBEZTRFIIHMERIIZRIDSEL”
o INIEBAIEEEIRRY chat/ instruction 2T\
o JIHTEEHERIE. RENER
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PSIVEES

XN notebook: 11/2-prog/notebook/Chapter®. ipynb
e WNBEXE:

o 11/2-prog/local/huggingface.co/fine-tuning-your—-first-large-
language—-mode l-1lm-with-pytorch—-and-hugging-face.md

o MHIFREY:

o microsoft/Phi-3-mini-4k-instruct
o NHMESS:

o IBRNTFEA Yoda XIEFRIA
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FIEEFREL

1. HEIEEMRERHERER

2. F LoRA ERIIZ4Z HIEEIR D
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6. f~7F adapter # tokenizer, {RIEFEERIE A
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quantization:

o fRR'BETREREEK"
LoRA:

o fRR"BETRERBLASIIER"
dataset formatting :

o R RELEIREFMTA"

tokenizer / chat template:

7 7ll 7

E
—

o MRR"NIAEAZMARBFAER token 451"

SFTTrainer:

o FRRUNOIERIE R /ER B IEHENR"

generation / save:

o BERNGERZDMIL. BESER"
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£—F: FNBEHCENEMERE

e XEEHMEZ 4-bit quantization

o ZIVBCENH BitsAndBytesConfig
o BITAERIAUR

o BiMETIEREEHBIR GPU E7F

R OMRIX A

bnb_config = BitsAndBytesConfig(
load_in_4bit=True,
bnb_4bit_quant_type="nf4",
bnb_4bit_use_double_quant=True,
bnb_4bit_compute_dtype=torch.float32
)
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XESHMSHEELIER

load_in_4bit=True
o BRELLEER 4-bit FEXINH
bnb_4bit_quant_type="nf4"
o {EM NF4 XM E LAY 4-bit RIRA T
bnb_4b1t use_double_quant=True
o H— THENEN, BEEEE
bnb_4bit_compute_dtype=torch.float32
o TTEI{EM FP32

XEZESTENZE

o SMEMIRBIBERIFMY inference
o BEfBEEEEEBEBERRBIERE)|GEEINE
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AT AXFESFTED
get _memory_footprint()
.« ENELACERAT FET HOBERE

o }THI footprint @ EMAY sanity check
o XEEBENENWEREMNALTAKAY 2.2 GB

PIANX—TEZITNERE:

o 3BBREEMEEMN T, BARTIFAEREREF"
o ARNBEBREFRERZNBIZEHEK"
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EREREGW, hfTa

o AN{RIEEEL LoRAIEE target_modules

e M target_modules FE2ERRTE

o WNIZMEPMREIZEHIEE:
o MILEEEXZLTH Lineardbit
o ENIRRZRIEIUTA

EXTHIFE, XEBEE

® 0_proj
e gkv_proj
e gate_up_proj

e down_proj
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X—MERaZiERTA

o IXRMUAN"EMNEMEEER full fine-tuning”

o IXRUN"EFBEERTM—EBEIIZ"

o IZUN"RE from_pretrained() BINFiIRIAEEAS OOM”
EHERAVIERER

e EMRBRTE—XK: K
o JIZISEEZIN:

o optimizer state
o activations

o gradients

o batch / sequence length & RAVEIIMNE S
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B LsEEET LoRA

o ENERGAHBREEN

o FTLAR AN EENEMNINE
o MaEEXEFEIMNENE adapter
o HIFVIZMZEXEIERY/NERE

X2 LoRA B TREMME:

o RERDEERLE
o RZRDEFIBSEN

o B LTI RS AL A AT B
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LoRA BL & E R B MLES 2]

config = LoraConfig(
r=8,
lora_alpha=16,
bias="none",
lora_dropout=0.05,
task_type="CAUSAL_LM",
target_modules=['o_proj', 'gqkv_proj', 'gate_up_proj', 'down_proj’

o I
o adapter rank, #/\SEED

lora_alpha

o MR, XHLEHIRE 2%r
lora_dropout

o LoRA f&12 EHY dropout
task_type="CAUSAL_LM"

o BAXEBLEIESREES

target_modules o
o IETIM | oRA IZZI|[AILE R |



H{t+4 target_modules $55IEE

o WL, EWRE, peft JEEEBENRBIBEINE
o BXYBIFRIRE, X—TEENIRE

o XHEIIEEE:
o WMRIREE
o ValueError: Please specify target_modules in peft_config
o MM ZEIZIEEEMBEFHERR

XESLZEieBE (R

o NEERAZLMHEER
o RE/DEHNE LoRA S TINE
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prepare_model for_ kbit training(

) ET 4

. ERRIHAIRNESE
RRAERIISNNERES

FHNERIIGIETRTE M
EEetmR—"1RISCAEIER:

e FENEESHERESHEE

o FRLAREIZ(K footprint B

o XXHAMZ 2206 MB iEANZEIZ 2651 MB
X1 -

o LoRA BHIE"mIZGSE"

o MUKRIGRIERTENHKAF

E
E
+
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F{T 24 EFTE] trainable parameters

o FNIXEEEIZIUIAA LoRA BT EMERX
o XHREGERAREZ:

o trainable 12.58M
o total 3833.66M
o itk 0.33%

XEHRFERENIEENE:

o IINEREIIZEN 3.8B KA

o MRRABEING—/NMRFIZE
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Fg=: BIBHE AR=2"

o WHEIELE R dvgodoy/yoda_sentences
IL;\/\ 720 3
e A=A

o sentence
o translation

o translation_extra

XERZEENAZIERAR/N
o MEREESHNARAAL
BRUAREHERT XHENFHSH"

e EFXHIZIRIRZEBER token FFIZE#4)

IEX AsiE 3

;E"
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R LIEEE translation_extra

e RNELLEMENZFESR BIrXIE”

e FARIEFRTIR

e AHIINT Yes, hrrrm. XFh Yoda Tt [k %
XIZEEFA]:

o WMIAKUEARE" BN

o MAEERGZESZINEEI LN

o RAEILERIZRIMHA, FMOTIELBEFARERfRZE LR

I

NP
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XERARIIN: TRL FThRZS 3T BRI
1t

e [HERE, RZASIELHIES prompt/completion

o B ERRHIRER:
o MR trl ¥ instruction X ZIHFABRE
o chattemplate BJEEASIRFNAAN A

PRUATEZ 7 — T RBIEE:

o IBEIEFERL conversational format

R

{"messages": [
{"role": "user", "content": "..."},
{"role": "assistant", "content": "..."}

1}
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N+ 4—EEEERL conversational format

o ENEMEHY tokenizer B chat template
e chattemplate BREERIHI AR 2 —4H7 role B messages
o WIRBILAN:

o special tokens RJBEAXY
o user/ assistant i5R AJBEARXY

o generation prompt B BEARXE
o RAZINZGETMERE

PTBAXEAZ "B EIR S mE"
o MEERIENZRI XA EMFE B REXTEFN—E
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format_dataset() EIEEFH4

o iEIRAY:

o prompt

o completion

o WLRFTRY:

o messages = [user, assistant]
X—EEHmREAEER, BRXHE:

o TIRE trainer EEINZIREEBXA
o XZ"ABEIRM. BFFE X TEEAR

HBANENE:

e {Ed instruction tuning

. RITESEI—A):
o HHVEURELEM, MBEMRMEER] chat template FEI
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HEM%5: tokenizer ~AEMEM, MEIZk
XN —3ER

e AutoTokenizer.from_pretrained(repo_id) A~2IMF—5
o BUNFIEMERINT N,
o [ tokenizer JRTE :

o XZANaI]) token

o %57k token B1t4

o chattemplate 21T%4

o A RYHIZAN{EH prompt

AN tokenizer FIFE B AR ULED

o JIZRBER B AIBEFE

o HIERABESZEHZRR

21747



chat template Z|[EK/RE 7 +4

e system / user/ assistant & B BIEWE
o BEUHBERJRCLE token 2114

o —BXIELERINAMTALE

o EIERY/EAFIEN generation prompt

X HHY Phi-3 &Rz AR :

<|user|>
...<|end|>
<|assistant|>
...<|end|>
<|endoftext|>
REFEXTEIR:

o NGXAEAFZ BRESRX"

o Ma&"BfAIEBE + chat protocol”
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YEEBE—1EEX#AIN: pad_token A
BEE %5 eos_token

o NHIREE:
o fE§ThR SFTTrainer ZXiA collator T
o #NE8 PAD #1 EOS 2[E— token
o label mask AJEEIE EOS th—iCiE iz
. ERE:
o BRIZARIFHETHE
o HWIENBERSZ—HEMNE

PRUAEE M T

tokenizer.pad_token = tokenizer.unk_token
tokenizer.pad_token_id = tokenizer.unk_token_id
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X—H Rt a455ESIC

o REFIERHEAYIEHK"
o (BERER"NTLRESATR

e XEHIRZ—1LEHAY:
o I collator
o label mask

o special token

o generation behavior Z [B]f3E 2]

PRUAMRIA IR AR B RIIREL :

/_\f\"\'
° ==

o BERERE
A BERERFDE

o EIE tokenizer / pad/ eos/ labels BJXZA
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FRhE: HANSFTTrainer

o SFTTrainer EIXFHEEAIAITES
o BEEARRIEESR
o TREIEIRBIE/HERT:

o model

o tokenizer

o dataset

o training config EIFIZ#o
FIMEIEEENE:

o {RTENBLS SFTTrainer ZHij
e HIHE—REEXIERLEXT
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SFTConfig EfMMHS N EILAR
1. BEFHEX

o gradient_checkpointing
o gradient_accumulation_steps
o per_device_train_batch_size
o auto_find _batch_size
2. BuREtEX
o max_Llength
o packing
o packing_strateqgy
3. I B R
o num_train_epochs
o learning_rate
o optim
4. M55 BE

~ AtiFrnii+ AT -
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XEZSZ OOM HI4 =z learning rate,

M7= sequence length

o NHHRMHIEEE:
o XM
o LE#EFTLEF IR
o BERNIZFET{E max_length
e HARIIKE—ZK:
o attention FFfEHE LEZE
o activation HEREZE
o batch gEFR FHIEARIZIAE TBE

XN EB 6 F1RAE

e FTlA max_length=64 73T
XEEEEENZN:

o NENTRIIEFRIIKEIRRA

o I KA max_length BERENMEREEFEANZ—
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packing=True 2{t4EE

¢ IOaCkiﬂg E,‘J:ét/Eu.E\%
o IEZHXIBHAPHRIHAR— sequence
o R&E[’V padding SR

o XXM TEIRIFABME
o ANBEMAKIE, A packing RTRIRE token budget

XARREIMT :
e packing_strategy="'wrapped’
JREAEZ:

o trl HhRAE packing 1T HZE
o XTZHENT ERIFIBIRAFIHA
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A Z LB X—E R DI B 1585

YEEREEMRAMKR T = ERABRTML:
e tri1>=0.20
o max_seq_length &% max_length
e tr1>=0.20

o packing ITHNZE
o ¥hREAIA bTf16=True
o BEHAEERANEEGREEX

FIAMEES 7
bfl6=torch.cuda.is_bf16_supported(including_emulation=False)

7_35”/]\_ Iu\x
o NEIEHIEENEASHERZINKIZMIINEE
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gradient_checkpointing H{t4iX4

B

« ANEFEEER

o KMNMEREBIN—EITEH

o MNERFIEMEREBRE
SN T

gradient_checkpointing_kwargs={'use_reentrant':

REAE SRS
o MENTBRFIRZA PyTorch FHI—ERE
XEZHHERTRE:

o EIFZEEZL
o (BEEEREIRBENREINFIEAIBEEST

False}
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auto find batch size=True E2t4 8
e NEiFEFBEMEMIKERMEER

e MBI batch size OOM BY

e BofE T4

XX FRBIREA
o AANARERZFEFRERRAKN

{BIRZENIE:
o RN ZENTZIEME:

o accumulation
o precision Z[BIAYFEK R
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SFTTrainer XEAF—1TEICiy

o NHIEH:
o HAEIRA trl H—1BEXaR
o W LoRA BN AE| model £
o trainer AIBEIE adapter th—iL freeze 1%

TR ZNEAR:

trainer = SFTTrainer(
model=model.base_model.model,
peft_config=config,
processing_class=tokenizer,
args=sft_config,
train_dataset=dataset,

BERBEMT:

o BRERIGREEZHE
o i peft_config %7 trainer &N FH
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AT L2 XEBAZEH={Z model

o EANNENMIXEINLERIN
o AE(RIIF/SHE save_model() 4T IEHH

e MIRNRERIEE:
o JJIIZkPIBEREBEH
o 1B{RTF adapter R AJBEH I AT FIHARY S

X RERIFY Tz (0]

. EEHAI SRR, FIEH. AT
. FRE—-BER
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T LEE T EE dataloader EEAY batch

o ENXEME trainer TMERSHESTHINREF A Z—
e ERE[OZEIXLE o) :

o token ENNEELEMHIFT

o labels @ EBERT

o input #l label BIXRZT4A

XEEERNE:
e labels ] input_ids —#¥
XtRA -
o X2 causal LM EE)F M E
o label shift RTEAE B shALIE
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—RENEIHEBE: SFTERAMTA

1abels == 1nput_1ids

o WEEIFESERE KR

o JIZRBREEME T T —1 token”
o PRSI AFIEE Bk BE—= token
o HIFM"EU"KETE loss TTEAHES

BElLEE:

o {REZ labels A input_ids —#¥
o NMUKRIIZH 0]
e XZIERIR

BEH—FIE(D):

o [HFLE token #% mask T

o [HfLE token 25 loss

XX B2 T BIERY
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R RIERIZEB (T4
o loss ERITETBF
o BREBE—HIEH nan
e BIRBIME OOM/ EJF
o JIZENEE/EIRIINEREES

X HLEHYT loss MRZ) 2.99 BER 0. 25
o XiBAREIZE/ DEIIZREER LIBEUREY
{BIREICE:

e loss FEAFTESENES
o JZRFIEIT generation test
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B ERNUAERIG, MEAMEY—
¥

o WMIA%GRRE, TEERE loss
e FEHWIE—OFWMNEE
s EMLEENE BN

XERNXERZE R benchmark
o MStitiiE/)\ inference sanity check
X HHY prompt £ RREUHR T MEEESE:

1. I8N T FEIFRAKL messages

2. apply_chat_template(...,
add_generation_prompt=True) #HEEHTEM prompt
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add_generation_prompt=True J{t4
EE

o ANERTFE—IRMRINIERT assistant IR1E T "ML ES
e EXMEIIRE, ESEREEN:

<|assistant|>

BHERX—, REBIHNRAZHEXE
o M—EMEMMEZECHELERLDE

Xt R4

o YLV
o IR

o WINHZ[E—F chat protocol
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ERRNERTMLEMATEHSFE

add_special_tokens=False

o AR chattemplate E&RIE4FTk token JIHET
model.eval()

o HIEFITIZ eval R

torch.autocast(...)
o YWIRBEIBHIERE /bf16, £RNBENMIEREE LT

eos_token_id=tokenizer.eos_token_id
o BRFRAIRHE LAY

max_new_tokens
o [REIFMERE, Pt TiRiE

XEEESAZ R R TR HFAR
o ENEEEMEMITAESEIRE
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Q0 a] 71 b X ™ Br /) Vsl 2 R T Y
R RE A T R
ZOBEZ(E:

1. s
o 5tAH prompt / template / tokenizer J&IR

2. B AT IR 2 B IRXAE
o MRREESHFET
3. MILHBEE RS
o 154BH eos / pad / label masking &g IA
poasl: SNt kT

e EXHETRY Yoda Xi&
e MBEEEBEMNEZ
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—I_:*ﬁi {17 adapter, ~ERFENEM

i W
=

e LORATIARBEMEN—=R
e MEREREFNAERTEANZRRIZA
e MaE—11E/\8 adapter

X H1ERR
e adapter KRR REF 50 MB
XEIRE:

o {REEEEMI)ILZ
o HEEEHIMD K
o AAREBRE— base model, MEEEFTEFIRAY adapter

et
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R1ZF.

Tl iZ B SRS 14

e adapter_config.json

adapter_model.safetensors
training_args.bin

tokenizer fHRX 4

o tokenizer.json

o tokenizer.model

o tokenizer_config.json

o added_tokens.json

o special_tokens_map.json

XE—1

README

BMERKE:

R{RTF adapter I &

o fl]/L,\

7 tokenizer [ special tokens 121X

KRNI —

kv
|:|

i)
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N2 2ELE push_to_hub()

« BNRETRAFRR O SNIR
. EOUE:
o 13777

INES
°© T+

o M
o TERIMIIMEEFIINE

Output dlr‘T_ EZ:/\/_LEEII_,\EZ;L(
o EXEEMIR push El Hub ERIRE G5 5

PTBAX RIS D ST — T EmMENEE
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target_modules RILEZ BRI 451

o trl FhRANSEN instruction &N ABIZTNEE T/E

e pad_token #] eos_token &£F, S¥EELSSE
e max_lengthiZ XK, JIZINE OOM

o STIE LoRA NRIRE F, BEIRMEL SFTTrainer
e R%& loss, MM generation test

o R{RTF adapter, IRTZF tokenizer / special tokens
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URRRIEXHIF T2 EH SRIES

RE2 D EEMIUHFSE:

1.3 base model
o ENEMNESHERFH target_modules
2. % dataset
o BEHA prompt / response BB AHLR
3. # chat template 3555z
o NEREMNAE
4. E{f max_length
o AEBRI 64

RANMIZIRDE, BIEEXE EiERREE &R
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XafDREIEZFEMT 4

o MIAARZE—T APIER, ME—5LIE0
o EMATIRE, LoRA fATIAIIIIZR, chattemplate fATIRAIZE ]
o SFTTrainer RZH1TE, AERENUENEES—F1EXER
HIFERERMRW, E£EZ:
o FIEBIV
special tokens

WRAZE S

sequence length

RFSERLR

@)

(0]

(@)

(@)
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1 IR

o XYN[EH: Chapter 0
e X/ notebook: 11/2-prog/notebook/Chapter@.ipynb
e WNBEXE:

o

11/2-prog/local/huggingface.co/fine-tuning-your-first-large-
language—-mode l-1lm-with-pytorch—-and-hugging-face.md

MR RIC—a)IE:
o H/IVRIERMAZ MBREARFINING—T", TE:

o

o

o
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LoRA 1&HC

SRR TUXITT

tokenizer / template XI55
SFT H47

A RIS IE

adapter {R7F
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