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R LM et 7

=Y B
2 HLH PyTorch A= S23

T

34-39

e 4 64M B/ \E=HEEY
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minimind/

L

model/

dataset/
trainer/
scripts/

images/
eval_11lm.py
requirements.txt
README.md

#

H H H HH K H

ERAEET

IR S0

Z N E 2R A

HETE  API. Web Demo. ##aTH
README FISASE R

A SITIEEANO

{is

T E158A

AH

P AN

AH

P AN

AH

P AN

AH

P AN

AR,
BRI,
ALk,
A,

EE

N

}is

model/
dataset/
trainer/

eval_llm.py F] scripts/

R Ta#s Xy
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AL N 9 model/

model/
model_minimind.py MiniMindConfig N BN MiniMindForCausalL
model_lora.py \/

—— tokenizer.json
— tokenizer_config.json

MiniMindConfig
RMSNorm

precompute_freqs_cis

1 O JZ: RMSNorm / Attention

] MLP: FeedForward / MOEFeedForward
] HEEHIG: MiniMindBlock
apply_rotary_pos_emb

repeat_kv

Attention

RASEAL

model_minimind.py:10 MiniMindConfig
model_minimind.py:91 Attention
model_minimind.py:178 MiniMindBlock
model_minimind.py:196 MiniMindModel
model_minimind.py:234 MiniMindForCausallLM

FeedForward
MOEFeedForward
MiniMindBlock
MiniMindModel
MiniMindForCausalLM

L i G i A S CR GV CVR: i




##E X 2. dataset/

dataset/

e

lm_dataset.
lm_dataset.

lm_dataset
lm_dataset
lm_dataset

py:37
py:58
py:122
-py:195
-py:226

lm_dataset.py
dataset.md
L init__.py

PretrainDataset
SFTDataset
DPODataset
RLAIFDataset
AgentRLDataset

BBt

Pretrain

SFT

DPO

RLAIF

Agent RL

Dataset

PretrainDataset

SFTDataset

DPODataset

RILAIFDataset

AgentRI.Dataset

Pretrain Supervised Fine-Tuning

X 5 epochs X 5 epochs

~2.2B Tokens / 380L ~2.2B Tokens / 1350L

X 2 epochs X 2 epochs

pretrain_t2t.jsonl Luummmmmd  Sft 2tjson] Slabdlag

HHIE R
i AR
JaRRAET
chosen / rejected

prompt / response / reward

T RIS
RL-HF RL-AIF
(optional) (optional)

(OB

University of Chinese Academy of Sciences

MiniMind Series

e 2 rlaif.jsonl EIZ agent rljsonl CLEI .
- / = > / -

~22h

pretrain_t2t_mini.jsonl | 2 sft_t2t_mini.jsonl

~0.25B Tokens / 380L ~0.26B Tokens / 768L

»  MiniMind-Zero

~2h

10



N % N 9. trainer/

trainer/

L

train_pretrain.py
train_full_sft.py
train_lora.py
train_dpo.py
train_ppo.py
train_grpo.py
train_agent.py
train_distillation.py
train_tokenizer.py
trainer_utils.py

JREEET

Pretrain

SFT

RL

&) T 7RSS

University of Chinese Academy of Sciences

R

train_pretrain.py

train_full_sft.py / train_lora.py

train_dpo.py / train_ppo.py / train_grpo.py / train_agent.py

L& T SEL N3 tokenizer, fI# dataset. FIIRILARAL. BEN train

loop. {RAFANE

11
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SCAE TEH

eval_llm.py ST

@& MiniMind i1 E123%654= 307 BIEE— FILRNTHLE/ LT ?

I

scripts/web_demo.py WebUI j#H 7~ ——

calculate_math {"expression":"123*654"}

SF / {"result":"80442"}

scripts/serve_openai_api.py OpenAl API XA%Hk 5% REIHI23°654-327 15

get_current_time {"timezone":"Asia/Shanghai"}
v/ {"datetime":"2026-03-15 21:32:26"," timezone" :"Asia/Shanghai"}

123*654=80442,

SCfiptS/ Ch(lt_(lpi.py API ﬁgﬁ[ FH /j_‘_\‘ ,fﬁ u YL 5T 522026-03-15 21:32:26,

B AR HHEX, RIGEET RIS ILE

scripts/eval_toolcall.py T EJEHEMm

translate_text {"text":"fi4F 1 7" "target_language":"chinese"}
v {"translated":"hello world"}

scripts/convert_model.py PR E

get_exchange_rate {"from_currency":"USD","to_currency":"EUR"}
v/ {"from":"USD","to" :"EUR", " rate":7.15}

“IRAFIE SR EIERZEXGE . "Hello World” , SETTRATSZILE 715,

RRERENL I, i
eval_1lm.py:12 init_model o

eval_llm.py:32 main

serve_openai_api.py:50 ChatRequest

serve_openai_api.py:83 parse_response

12
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14500 69 25 AR

parse_args()

tokenizer = AutoTokenizer.from_pretrained(...)

Dataset 2>
dataset = XxxDataset(...) 1 Dataset 2745

loader = DatalLoader(dataset, ...) 1 loss &4
model = MiniMindForCausallM(config) 1 RL W B¥A[BE% reference model
optimizer = AdamW(model.parameters(), ...)

. 1 PPO / GRPO A& % rollout
for epoch in range(num_epochs):

train_epoch(epoch, loader, ...)
save_checkpoint(...)

Pretrain / SFT / RL fE 22001, ZREH TR SR
WHMER

13
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5 & BA 4 AT 184X, 757

c Step 1

BEAEME
ﬁ Step 2

Step 3

FEH A forward g
’H‘/A Step 4

A loss BAK

% Dataset iﬁﬁﬂjfﬁ“/@

% Step 5
F optimizer YJ|{n] B3
Step 6

AL R AT HERE

AR ZRARHR T ikt o JR iR BEHEX 6 e, AMEIRRE—KFLpEL

14
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IR El 448 AN 4%

(1 MiniMind 22—/~ &S 2 /N LM T H
(1 i § 78 7% Pretrain — SFT — RL — Inference,
O RS FH45 f model/. dataset/. trainer/. scripts/,

O RsEE TR SR AL loss. ZRPE. SEREREIT.

T —%&: Pretrain

B 15 B ARG ] 10 AN H1 27 2] next-token prediction,

INiniMind

Micro intelligence has great potential

15
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Pretrain /& 9k £.?

B

Pretrain: {EARAY P SCAS A1 27 2] 1 5 L
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Pretrain 49 €l #%: # M T —/~ token

MR & & AR RS AOH

WA B B BR 1B
Hix: 2 BRA 1B LE

gpus)

By 49 i, token id HLA -

input_ids: [BOS, ¥, &, BfA, &=
labels: (¥, &, B, &5, EO0S]



Pretrain #8 % X 25 1= 98 2.7

dataset/lm_dataset.py
L PretrainDataset

trainer/train_pretrain.py
— A&
— =8/ R / UEERIR

— train_epoch

model/model_minimind. py
L MiniMindForCausallLM. forward

1 Dataset: #EFFEA

[ Model: 1% logits / loss

) Trainer: 24

RS ENL
lm_dataset.py:37
train_pretrain.py:23
train_pretrain.py:82
model_minimind.py:234

R Ta#s Xy

University of Chinese Academy of Sciences



Pretrain .75 :% 38 & W,

train_pretrain.py
!

parse args
! A X
MiniMindConfig
.
init_model VYN trainer/train_pretrain.py
.
P I"ft rainDataset HABAS dataset/Ilm_dataset.py
DatalLoader
0 FE IR i ] model/model_minimind.py
train_epoch
.
MiniMindForCausallLM. forward TR trainer/trainer_utils.py

!
loss.backward - optimizer.step - save checkpoint

MINGNOIHEE ., B4

6B Yoz RRF

University of Chinese Academy of Sciences

Ly

ZH TR IRAF
BEESC AR I tokenize
logits & loss

init_model / get_lr / checkpoint

B BRI loss HARESK



&) TR TRRT

University of Chinese Academy of Sciences

Pretrain #x4&4& R,

iniMind BRI\ T 254 1z \
MiniMind BRI\ T 4P %1 Kk

../dataset/pretrain_t2t_mini.jsonl {"text": "XEE—EBEETA..."}

{"text": "B—EIJIGFAK..."}

parser.add_argument("--data_path",
type=str,
default="../dataset/pretrain_t2t_mini.jsonl",

he lp=""Fll| EIEEEZ"

Pretrain E’Jéﬁ)ﬁ%%ﬁ@éiﬂi

https://huggingface.co/datasets



PretrainDataset: I jsonl %15

cclass PretrainDataset(Dataset):

def

def

def

RBEN

__init__(self, data_path, tokenizer, max_length=512):
self.samples = load_dataset("json", data_files=data_path,

split="train")
self.tokenizer = tokenizer
self.max_length = max_length

__len__(self):
return len(self.samples)

__getitem__(self, index):
text = self.samples[index] ["text"]

tokens = tokenizerfgf3(text, max_length=max_length-2)

tokens = [BOS] + tokens + [EOQS]

input_ids = paddingZlEELKE (tokens)

labels = input_idsHYEIA
labelsHpadfii&Fix/5-100
return input_ids, labels

dataset/lm_dataset.py:37-42

&) T 7RSS

University of Chinese Academy of Sciences

) data_path: JIZkE 12
[] tokenizer: JESCAEE i token id

1 max_length: 54l P41 i KA BE
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LA 44T A, token ids?

sample = self.samples[index]

[ B FREASEL sample['text']
tokens = self.tokenizer(

str(sample['text']), ] tokenizer &g H B E A
add_special_tokens=False,
max_length=self.max_length - 2, ] max_length - 2 25 BOS / EOS B/ &
truncation=True

). input_ids O K SRS B Rk T

18 1 tokenizer i JFUUR F4F B Al it A token id . F] T )5 21l 1 embeding JZ 45 g iR N\ 1] B
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s Ae 4% %% token: BOS. EOS. PAD

tokens = [self.tokenizer.bos_token_id] + tokens + [
self.tokenizer.eos_token_id

] O BOS: P3G

input_ids = tokens + [self.tokenizer.pad_token_id] * ( 1 BOS: Az
self.max_length - len(tokens) RPN

(1 PAD: {{§ batch IWAEASKN A [F] < BE

)

B O Y N
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labels: £ %! input_ids, & %% PAD

input_ids = torch.tensor(input_ids, dtype=torch.long) ) labels FJ44%5F input_ids

labels = input_ids.clone()

PAD i A5 1
labels[input_ids == self.tokenizer.pad_token_id] = -100 L fiEAZ 5 loss

Cross_entro ignore_index=-100
return input_ids, labels L] _entropy fiff ff] ignore_

) padding A0 I Z5

input_ids: [B0S, 4, X, EOS, PAD, PAD]
labels: [BOS, 4, kX, EOS, -100, -100]
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next token T |

Dataset: .
labels = input_ids.clone() logits i T B Fr

50 ML labels &% 1 4> token
Model. forward: 551 A labels £ 2 4 token

x = logits[..., :-1, :1]
y = labels[..., 1:]
loss = F.cross_entropy( %2 AMLE labels 5 3 4~ token
X.view(-1, x.size(-1)),
y.view(-1),
ignore_index=-100
) t=8EE] [BOS] - Fouul“E”
=EVEZF [BOS, ] - Fm“Z"
=REER [BOS, F, E] - WN“BR"

Dataset A~ shift, forward H shift,

10



MiniMindForCausalLM.forward # T 4+ 2.7

hidden_states, past_key_values, aux_loss = self.model(

input_ids, R
attention_mask, =
past_key_values,
use_cache, input_ids
*xkwargs
) hidden_states
logits = self.1lm_head(hidden_states[:, slice_indices, :])

logits

PNEF Attention: X H HEH; A+ hidden state, 1Im_head FI logits.,

) TN TRXT

University of Chinese Academy of Sciences

AR

[batch, seq_len]

[batch, seq_len, hidden_size]

[batch, seq_len, vocab_size]

11



Causal LM Loss

1f labels is not None:
x = logits[..., :-1, :].contiguous()
y = labels[..., 1:].contiguous()
loss = F.cross_entropy(
X.view(-1, x.size(-1)),
y.view(-1),
ignore_index=-100

https://docs.pytorch.org/docs/2.11/generated/torch.nn.CrossEntropyL.

oss.html

O PyTorch

L1Loss
MSELoss

CrossEntropyLos
s

CTCLoss
NLLLoss
PoissonNLLLoss
GaussianNLLLoss
KLDivLoss
BCELoss

BCEWithLogitsLos
s

MarginRankingLos
s

HingeEmbeddingL
0ss

MultiLabelMarginL
0ss

HuberLoss
SmoothL1Loss
SoftMarginLoss
MultiLabelSoftMar

ginLoss

v2.11.... ¥

(R E E Ve

University of Chinese Academy of Sciences

Install - User Reference Developer

v v

PyTorch Guide API Notes

A > Reference APl > torch.nn > CrossEntropylLoss

CrossEntropylLoss

class torch.nn.CrossEntropyLoss (weight=
reduction='mean', label_smoothing=0.0)

This criterion computes the cross entropy loss bet

It is useful when training a classification problem v
assigning weight to each of the classes. This is pa

The input is expected to contain the unnormalized
input has to be a Tensor of size (C') for unbatche
K-dimensional case. The last being useful for high
images.

The target that this criterion expects should conta

« Class indices in the range [0, C) where C'is t
class index (this index may not necessarily be
this case can be described as:

l(z,y) =L =A{l,... ,lN}T,

where z is the input, y is the target, w is the \

12
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| 4 o A 52K

——epochs
——batch_size R 25
——1learning_rate
——max_seq_Llen B data_path, max_seq_len
——hidden_size
—— U usedsn la yers B hidden_size, num_hidden_layers, use_moe
——use_moe
——data_path ‘ ' |
——from_weight Y25 epochs, batch_size, learning_rate
——from_resume
WA from_weight, from_resume
KBERL

trainer/train_pretrain.py:82-105

13
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A B, Ml BAn454

Im_config = MiniMindConfig(
hidden_size=args.hidden_size,
num_hidden_layers=args.num_hidden_layers,
use_moe=bool(args.use_moe)
REBENL

) trainer/train_pretrain.py:113-137

model, tokenizer = init_model(1lm_config, args.from_weight, device=args.device)
train_ds = PretrainDataset(args.data_path, tokenizer, max_length=args.max_seq_len)

optimizer = optim.AdamW(model.parameters(), lr=args.learning_rate)

14



DatalLoader: &4 A4 A&, batch

# ZRlZ&BJ{ER DistributedSampler
train_sampler = DistributedSampler(train_ds) if
dist.is_initialized() else None

# BREJFIELERSI; Wr=sn)FiCREZDNIRY step
indices = torch.randperm(len(train_ds)).tolist()
skip = start_step if (epoch == start_epoch and
start_step > 0) else 0

# 2H batch, HERSEIZETHNEE)I4ERn
batch_sampler = SkipBatchSampler(train_sampler or
indices, args.batch_size, skip)

# DatalLoader HJZ&F=H batch

loader = Dataloader(
train_ds,
batch_sampler=batch_sampler,
num_workers=args.num_workers,
pin_memory=True

EASRIEA:

input_ids: [seq_len]

labels: [seq_len]

— " batch:

input_ids: [batch_size, seq_len]
labels: [batch_size, seq_len]

] SkipBatchSampler: W22l Bk Bl 4% step
] DistributedSampler: £ -KJI|Z4

(] WREH S batch Y] HE NI ZRIEH

&) T 7RSS

University of Chinese Academy of Sciences

15
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MG IR — /> batch 44T & #7142 A7

for step, (input_ids, labels) in enumerate(loader):
input_ids = input_ids.to(args.device) c i3 GPU
labels = labels.to(args.device)

forward 5% loss
with autocast_ctx: 2

res = model(input_ids, labels=labels)
loss = res.loss + res.aux_loss e MoE il aux_loss
loss = loss / args.accumulation_steps

i e R ARG L

scaler.scale(loss).backward()

e backward

RIBERL
trainer/train_pretrain.py:23-39

16
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if step % args.accumulation_steps ==
scaler.unscale_(optimizer)

torch.nn.utils.clip_grad_norm_( 1 accumulation_steps: /g {7440 B ¢ batch
model.parameters(),
args.grad_clip (] clip_grad_norm_: [fj 14 B IR IE

)

. ] scaler: JRE I %k
scaler.step(optimizer)

scaler.update() e v
d: BEz3 ite
optimizer.zero_grad(set_to_none=True) [ zero_grad: {FaS [HPHE

RIBER
trainer/train_pretrain.py:41-49

17
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2 RBAEF Y% A &

lr = get_1r( HEFB '
epoch *x 1iters + step,
args.epochs x iters, loss ISEAPN
args. learning_rate
) logits_loss next-token loss
for param_group in optimizer.param_groups: qux loss MoE B2
param_group['lr'] = 1r
learning_rate MR R
epoch_time Yk B

|
‘11

,. \‘\‘s,qw -

NI R F loss, HEF->)Z ., aux_loss. 3 FEfItaE
M

AN Akt W o'y

18



%% pretrain M &

ckp = f'{args.save_dir}/{args.save_weight}_{lm_config.hidden_size}{moe_suffix}.pth'

torch.save(
{k: v.half().cpu() for k, v in state_dict.items()},
ckp

)

Im_checkpoint(
Im_config, weight=args.save_weight, model=model,
optimizer=optimizer, scaler=scaler, epoch=epoch, step=step,
save_dir="../checkpoints'

PRAFIEAIALE

2RSS

R E

../out/pretrain_xxx.pth

../ checkpoints

) TN TRXT

University of Chinese Academy of Sciences

M

WA ek SET s R i Al

ZRARAS: W g2

19
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Pretrain 4-%

(1 Pretrain g F %10 SCASEHE .

[1 PretrainDataset U AN i input_ids F] labels,

(1 labels & il g input_ids, shift YEERA] forward H1 52 % .

1 MiniMindForCausallLM.forward 3} next-token cross entropy,

O train_pretrain.py 5g iCNZIER Hik RAFFIN S22,

T —%: SFT

Pretrain JIARRIEA LT NOA, SET (IR 22 23 IR 4 015

INiniMind

Micro intelligence has great potential

21
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SFT £ 27

Pretrain JEMUHEE LB E SCA, SET LEHUI S 44 A FH 1245 4 ) 5 o]

Micro intelligence has great potential
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ALk B A A 5] 45 A A

M B HE FH 2 S R A
Pretrain AT AN =Rl HAREE
SFT X T 54 Wi b, BAR H RN

Prompt: FREEAT 2 L]

Pretrain t&8Y: RIRE4KLRANESIAN
SFT #&=8Y: EmFLeHEE

SET HIAJFUANJE AR AT 254, 1T MR Y R0 3 A label
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SFT #8 % X 25 =k 27

dataset/lm_dataset.py
L SFTDataset

g
trainer/train_full_sft.py O EZSEFF SFTDataset

— & pretrain & 2t .
L SFTDataset O YIZRIJEAFN Pretrain {345
— train_epoch
y Ny )
trainer/train_lora.py - HERIR R, chat emplate
L— LoRA SFT

model/model_lora.py
L LoRA JENSIRE

eval_1lm.py RIBENL
L SFT 18 lm_dataset.py:58
train_full_sft.py:23, 83
train_lora.py:24, 127
model_lora.py:6, 21
eval_1lm.py:73-76
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SFT A28 F# %

train_full_sft.py

l
l

init_model(..., from_weight='pretrain')
!

SFTDataset(...)
!
api)ly_chat_template( cea) N

generate_labels(...)
!

train_epoch(...)
!

model(input_ids, labels) WNEGHNENE R LS ;. HIEMAREAE Dataset %y Hi 7

! labels,
Causal LM Loss - save full_sft
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SFT #t4E#4% & conversations

MiniMind BRiA SFT ¥R A% -

{
../dataset/sft_t2t _mini.jsonl “conversations": |
{"role": "user", "content": "(H+4E¥EFI? "},
{"role": "assistant", "content": "{l2Ex=IE..."}
]
}

parser.add_argument("--data_path",
type=str,
default="../dataset/sft_t2t_mini.jsonl",
he lp="Yl|lZEUREEKRR"

SCASSET 245 A B A IS =, % WA alpaca . sharegpt®:  (_E & J&sharegpthg ;)
%% https://llamafactory.readthedocs.io/zh-

cn/latest/getting_started/data_preparation.html
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SFTDataset: 7% B 2t 1% 2L 48

class SFTDataset(Dataset):
def __init__(self, jsonl_path, tokenizer, max_length=1024):
self.tokenizer = tokenizer
self.max_length = max_length
features = Features({ ] X g SEF role / content
'conversations': [{
'role': Value('string'),
'content': Value('string'), [] reasoning_content Sk B\ 2RAEG P 58
'reasoning_content': Value('string'),
'tools': Value('string'),
'tool_calls': Value('string") ] tools / tool_calls A T E.iJ§ F i 8
]
})
self.samples = load_dataset('json', data_files=jsonl_path,
split="train', features=features)
self.bos_id = tokenizer(
f'{tokenizer.bos_token}assistant\n',
add_special_tokens=False
). input_ids LRy

self.eos_id = tokenizer( dataset/lm_dataset.py:58-64

f'{tokenizer.eos_token}\n',
add_special_tokens=False
) .input_ids
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BOS#2EQS 4% i3 49 £ IK

self.bos_id = tokenizer(
f'{tokenizer.bos_token}assistant\n',
add_special_tokens=False

) . input_ids

: . <BOS>assistant N B % token ... N <EOS>
self.eos_id = tokenizer(

f'{tokenizer.eos_token}\n',
add_special_tokens=False

) . input_ids
(1 SFT ZEHIEWE B assistant [8] 2
(] #ERL: assistant FRic
[0 %5 eos fpid

. O MBI & 56 5 prompt

dataset/lm_dataset.py:65-66



— & SFT # KR4/ i&?

sample = self.samples[index]

conversations = pre_processing_chat(sample['conversations'])
prompt = self.create_chat_prompt(conversations)
prompt = post_processing_chat(prompt)

input_ids = self.tokenizer(prompt).input_ids[:self.max_length]
input_ids += [self.tokenizer.pad_token_id] * (
self.max_length - len(input_ids)

)
labels = self.generate_labels(input_ids)

return torch.tensor(input_ids), torch.tensor(labels)

AEENL
dataset/lm_dataset.py:106-119

conversations

AL H

chat template

tokenizer

padding

generate_labels

) TN TRXT

University of Chinese Academy of Sciences

10



st MAAIE: AL A system prompt

def pre_processing_chat(conversations, add_system_ratio=0.2):
if any(conv.get('tools') for conv in conversations):
return conversations

if conversations[@].get('role') != 'system':
if random.random() < add_system_ratio:
return [{'role': 'system',
‘content': random.choice(SYSTEM_PROMPTS) }]
+ conversations

return conversations

ASENL
dataset/lm_dataset.py:9-29

(R E E Ve

University of Chinese Academy of Sciences

O EE X A BRI system
] tool use Z(#E: SRR

] system prompt: ¥ N B TF B0 Fi Xk

SYSTEM_PROMPTS = [
"RE—THIREENAL, ROMBFPREHERNGESR.
“fR@Eminimind, — /NS EEHRESEKEE, ",
— PNEWRALIEBF, BREENENEE. ",
minimind, BERNEBEIAF BRI, ",
— A EMAL BALERNEE, ",

“"You are a helpful AI assistant.",

“"You are minimind, a lightweight intelligent assistant.",

“"You are a friendly chatbot. Please answer the user's questions carefully.",
"You are a knowledgeable AI. Try your best to provide accurate information."
“"You are minimind, a small but useful language model."




chat template: & messages #f AL A 4 N

return self.tokenizer.apply_chat_template(

messages,
tokenize=False,
add_generation_prompt=False,
tools=tools

RIBENL
dataset/lm_dataset.py:71-86

S
S
T+

WG RS

) TN TRXT

University of Chinese Academy of Sciences

messages:

[
{"role": "user", "content": "{R&F"},
{"role": "assistant", "content": "{R&F, FE2

MiniMind"'}

]

chat template f5:

<B0S>user

{ReF

<EOS>

<B0S>assistant

7%, B2 MiniMind

<EOQS>

TR ICHIESE

NARE
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generate_labels: 2 ¥4 assistant &%

labels = [-100] * len(input_ids)

if input_ids[i:i + len(self.bos_id)] == self.bos_id:
start = i + len(self.bos_id) ] 5B Rr A label 32 -100
end = start
> 2l istant o

while end < len(input_ids): ) K E assistant ji2 53

if input_ids[end:end + len(self.eos_id)] == self.eos_id: .

break [ $R2] eos £ 5
end += 1
O R B2 X ]
for j in range(start, min(end + len(self.eos_id),
self.max_length)): O HAh B RS loss
labels[j] = input_ids[j]
RIBENL

dataset/lm_dataset.py:88-104

12
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A& token 25 loss?

tokens <BOS>system R 2B+ <EOS> <BOS>user 4 EML? <EOS> <BOS>assistant Vg2 2. <EOS> <PAD>
-100 -100 -100 -100 -100 -100 -100 input_ids input_ids -100
labels

] system/user %f43: label = -100
(] assistant [A]Z: label = input_ids

0 padding ¥f43: label = -100

SFT fil Pretrain YEYIZ5 B A7 LRI KB

13
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SFT 134 & Causal LM Loss

x = logits[..., :-1, :1l.contiguous()

y = labels[..., 1:].contiguous() O AT S
loss = F.cross_entropy( O WA HEGHTHY loss

); Xizxi:ig ’ xostzel=l), O ]38R 42 next-token prediction
) ignore_1index=-100 oAbk [ labels B e BE 100
RS ENL

model/model_minimind.py:245-253

SETYI|Z I PreTrainf{Jil| i FE—2K

14



Full SFT W[4\ @

parser.add_argument('"--data_path",
type=str,
default="../dataset/sft_t2t_mini.jsonl")

parser.add_argument('—-—from_weight',
default='pretrain', type=str)

model, tokenizer = init_model(
lm_config, args.from_weight, device=args.device)

train_ds = SFTDataset(
args.data_path, tokenizer, max_length=args.max_seq_len)

I ERL
trainer/train_full_sft.py:83-138

i H

G/ S

ARINEL S

PR

Pretrain

PretrainDataset

pretrain_t2t_mini

none

UN

R Ta#s Xy

University of Chinese Academy of Sciences

SFT

SFTDataset

sft_t2t_mini

pretrain

BN

15



SFT &9 M4 AL F AR

for step, (input_ids, labels) in enumerate(loader):
input_ids = input_ids.to(args.device)

labels = labels.to(args.device) O Y HEZRIAS
with autocast_ctg: | ] UH%%E%%%%ETF

res = model(input_ids, labels=labels)

loss = res.loss + res.aux_loss ‘ .

— Vs 1N

loss = loss / args.accumulation_steps - gﬁﬁ%ﬁ%iﬁ;air

scaler.scale(loss).backward() 1 labels mask 25 1
RIBERL

trainer/train_full_sft.py:23-80

Pretrain f] SFT & )5 #AY ik input_ids + labels f}] Causal LM )I|%:,

) TN TRXT

University of Chinese Academy of Sciences

16
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SFT % &: full_sft A&

pa rs?r. add_a rggmen’E( (RIS (T
-—save_weight"’, ../out/full_sft_768.pth
default="full_sft',
type=str ANERE MoE:

) ../out/full_sft_768_moe.pth

O full_sft AU A T WIS

O W Je%E RL/ DPO / PPO / GRPO HijE i

[ LE pretrain B e B P

RIBER
trainer/train_full_sft.py:85-86
trainer/train_full_sft.py:60-69

17
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LoRA SFT: R4 & =38 = 4 %

class LoRA(nn.Module):

def __init__(self{ in_fgatures, out_features, rank) : O R SRR S I
self.A = nn.Linear(in_features, rank, bias=False)
self.B = nn.Linear(rank, out_features, bias=False) O TR B IR RS &
def forward(self, x): O YIS EE I LoRA 28

return self.B(self.A(x))
O &EE/NEIE R

RIBENL
model/model_lora.py:6-18

18



6B (R ETE Ve s
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apply_lora: 45 Linear £ = %%

def apply_lora(model, rank=16):
for name, module in model.named_modules():
if isinstance(module, nn.Linear) and
module.weight.shape[@] == module.weight.shape[1]: M {88 E Linear %5 H
lora = LoRA(...).to(model.device)

setattr(module, 'lora', lora) ,
’ ' % JAR "N
original_forward = module.forward O] @AM b LoRA 4337 Hi

def forward_with_lora(x, layerl=original_forward, ] E'E forward
layer2=1ora):
return layerl(x) + layer2(x)

O PRAFIS L ORAF LoRA A

module. forward = forward with_lora

I ERL
model/model_lora.py:21-32
model/model_lora.py:45-53

19



cd minimind

python trainer/train_full_sft.py \
——epochs 1 \
——batch_size 4 \
——max_seq_len 256 \
—hidden_size 256 \
——num_hidden_layers 4 \
—from_weight pretrain \
——data_path ../dataset/sft_t2t_mini.jsonl \
——device cuda:0

python trainer/train_lora.py \
——epochs 1 \
——batch_size 4 \
——max_seq_len 256 \
—hidden_size 256 \
——num_hidden_layers 4 \
—from_weight full_sft \
——data_path ../dataset/lora_identity.jsonl \
——device cuda:0

) TN TRXT

University of Chinese Academy of Sciences

20



SFT #3¥: 4 A chat template

conversation.append({
'role': 'user',
‘content': prompt

)

if 'pretrain' in args.weight:
inputs = tokenizer.bos_token + prompt
else:
inputs = tokenizer.apply_chat_template(
conversation,
tokenize=False,
add_generation_prompt=True,
open_thinking=bool(args.open_thinking)

RAEENL
eval_1llm.py:67-89

6B (R ETE Ve s

University of Chinese Academy of Sciences

1 Pretrain: E#$2 bos_token + prompt
1 SFT: £ chat template

1 add_generation_prompt=True: $E/~

assistant UG %

python eval_llm.py ——load_from ./model —
weight full_sft

21
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SFT -4

(1 SFT fifi A conversation #&=C 3554038 .
1 apply_chat_template JEZ5H4 10 % 1% AL N\ (7

(1 generate_labels HR-BE assistant & ERr2 5 loss,
1 SFT {J3%R4§ | Causal LM Loss, FERIZERIAAR,

) full _sft AE ] EASI 255 45 28 Jl BEAR R B T

T —%: RL

7
o

SFT EASA A2 2%, RL P — L A o A SEAT Sl 2 AR 45 F AR

N

22
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RL £ £7?

4%

_)

SFT {E#G Rl 2p o [ & ), RL gE— ik I & AT S IF 22l R B sl BARAE S5 B dpo

Micro intelligence has great potential




;2?@@?@&?’

University of Chinese Academy of Sciences

SFT /& & EAMRAAT 4.7

SFT % % RL % 44444
O kg A m%& O WRA 8l B L
O BN ZREAE T assistant O B EFFE W
O FEAEETE S O AR EE TR N

SET MR A%, RL JRHRH R 7 3R Ak SR A R 5



MiniMind F 49 RL | % #0 A

trainer/train_dpo.py # Direct Preference Optimization
trainer/train_ppo.py # PPO
trainer/train_grpo.py # GRPO

trainer/train_agent.py # Agentic RL with Tool Use
trainer/rollout_engine.py # “4pkfais
dataset/lm_dataset.py # DPODataset / RLAIFDataset / AgentRLDataset

O PUANIINZEN T : DPO / PPO / GRPO / Agentic RL
O LR HbR: FAREEL reward BAS AR 46 H 43 AT

(1 rollout_engine 4;— 2N generate 1 SGLang J5 ¥

University of Chinese Academy of Sciences

RIBENL
train_dpo.py:1
train_ppo.py:1
train_grpo.py:1
train_agent.py:1
rollout_engine.py:49



) TN TRXT

University of Chinese Academy of Sciences

Ju#¥ RL / Preference 7 ¢x49 X 3|

H1E e R rollout reward model ref model A L YN
DPO chosen/rejected N N A train_dpo.py
PPO prompt + reward A n] %k A train_ppo.py
GRPO group responses A n] %k A train_grpo.py
Agent RL tool-use task A a] 5 /F | I train_agent.py

DPO Ff2 5B )11k, PPO / GRPO / Agent RL £ [5G BT FFEEHT



R TR TRRY
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RL X253 :F 58 % T

& GAm 4T 9512 J 4 rollout %4z

chosen / rejected data prompt / messages

rollout A jif; [B] &

policy model + ref model

logprob H4% reward $T 43

advantage

update policy policy loss + KL

e,
T

DPO AFREMRRAELRAE; PPO. GRPO F1 Agent RL #iFE A B, FPEHT



DPO

prompt +
chosen

prompt +
rejected

“Trained LM

Update weights

chosen score _____

—

rejected score

chosen score —

rejected score

&R Todys BRT

University of Chinese Academy of Sciences
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DPO #k#: chosen / rejected

ZiglangEbRustEBEFN?

EA—DAESRE, FOETARE, (BERALUERHRZglangMRust LR DT, 1XHF
EHATLABITIRE.

{
ZiglangFIRusER RN RARIBES, SRS ES B R AERNERTE, TehesEnn3 |
BIARUSEZ AR, [EzglngttERSIBK, B2 IR AT RSk [rolen: "user". Mcontent": "SREEAASHIEST ],

1§U*D/I\Aﬂﬁy¥o {IIrO'LeII: "aSSiStant", Ilcontentll: II*{L%%?SZEEI . .II}
1EL i ZiglangFRustiT BB L FEE: 1,

"rejected": [
1L REH: RustERTERSM, FHEBSRIHBINERS, RustRARSIRTERNLA {"role": "user", “content": "fREHARHIB®F"},
ARERPEERRRIZEE IR, WiIEstiES | FMNEUERF. ZglangtBEM LS, BAER {"role": "assistant", "content": "Hl28EE. "}
RustAPHE=1&H1T, RIFERBIRIEME. ]

}
2. M ZiglhngEEEARRE, BB/ INESIHHMEMENE L. ZighVERMRI LA
E’H&%@FWE%DE@%E’JU&IHO B—FME, RustEEEERUEL, W—EFEARFKR
F S HEE.

3. JRIFATIE): ZiglangdRBIFERAVARIFATIIE, X TREFAMIECEREmAY. RustbIRIKAY
RIFIEMES, REEESISHX—R.

4. (EXFIESES: RusHIBE AT X, REEZSHENE=1FTEH. ZglanghYtt
XARBN, BIEFEER, EEEERERRE. RABENL
dataset/lm_dataset.py:135-138

XEURF ETX. zZiglang2—fiimigie s, EAMTEERREMIRIT. EEERT
N SHAERIIEERRSINEANES, MANERTFEXINAERER. 5—HHE,
RustIEEESEE ST AEIE. SRRITARRES, FHEEESIMNBINEIRS
FER—%5 LT3R, ZiglangE @R TEEBEMYINAER, Fla0AndroidakioshFH
2R, MRustBIEATHEETERZREHNNERER. MIESEHEZENME, BB
RARREGFHELF,
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DPODataset: %~%|% %% chosen #¢ rejected

chosen_prompt = self.tokenizer.apply_chat_template(
chosen, tokenize=False, add_generation_prompt=False

)

] chosen FI rejected FHE conversation
rejected_prompt = self.tokenizer.apply_chat_templatel

rejected, tokenize=False, add_generation_prompt=False 1 FREL ] chat template
)
tokeniz dding 2| [G5] A
chosen_encoding = self.tokenizer( [ i tokenize / padding ] [a] FE B

chosen_prompt, truncation=True,
max_length=self.max_length, padding="'max_length'
)
rejected_encoding = self.tokenizer(
rejected_prompt, truncation=True,
max_length=self.max_length, padding="'max_length' RN
) dataset/1lm_dataset.py:139-153



& TatsTmRREy
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DPO St #: assistant © & 3R o~

chosen_loss_mask = self.generate_loss_mask(chosen_input_ids)

rejected_loss_mask = self.generate_loss_mask(rejected_input_ids) R
dataset/lm_dataset.py:155-165
mask_chosen = torch.tensor(chosen_loss_mask([1:]) dataset/lm_dataset.py:176-192

mask_rejected = torch.tensor(rejected_loss_mask[1:])

for j in range(start, min(end + len(self.eos_id), self.max_length)):
loss_mask[j] =1

Al SFT —4f, DPO ZiF assistant [B|ZE[X JE], ASil system/user 354352 Mk i EL 32




University of Chinese Academy of Sciences

—~ batch ¥ Rl A&f3# chosen #= rejected

. . HREBEAL
X = torch.cat([x_chosen, x_rejected], dim=0) trainer/train_dpo.py:56-66

y = torch.cat([y_chosen, y rejected], dim=0)
mask = torch.cat([mask_chosen, mask _rejected], dim=0)

chosen half N rejected half N [F—4> batch N FIE e =iivis

P2 [ —> batch B, By 7 IHZ—IHTH, MWJGTE DPO loss Hpigpy=f / 548t




DPO % 4§ 7y AZ AL

6B YaNT X7

University of Chinese Academy of Sciences

with torch.no_grad():
ref_outputs = ref_model(x) (] model: Y4FTZEI|Z:H policy model
ref_logits = ref_outputs. logits
1 ref_model: %45 reference model
ref_log_probs = logits_to_log_probs(ref_logits, y)

] policy Z5 232 5 chosen A X} rejected A2
outputs = model(x)

logits = outputs. logits ] reference 23R A B B JH AR R T
policy_log_probs = logits_to_log_probs(logits, vy)

RIBENL
trainer/train_dpo.py:72-82
trainer/train_dpo.py:181-190

10
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logits_to_log_probs: # & El 4% token #9#%%

def logits_to_log_probs(logits, labels):
log_probs = F.log_softmax(logits, dim=2)

log_probs_per_token = torch.gather( N ‘ o |
BTy H1 B AR 2 logits 3 LR 5K

log_probs,
dim=2, label token X} M. log probability,

index=1abels.unsqueeze(2)
) .squeeze(-1)
return log_probs_per_token

RIBENL
trainer/train_dpo.py:24-30

11



) TN TRXT

University of Chinese Academy of Sciences

DPO loss: <t chosen #3t rejected & T #

ref_log_probs = (ref_log_probs * mask).sum(dim=1)
policy_log_probs = (policy_log_probs x mask).sum(dim=1)

chosen_policy = policy_log_probs|[:batch_size // 2] policy: chosen LY, rejected &=/
reject_policy = policy_log_probs[batch_size // 2:] ref: chosen H, rejected =%/

DPO: 2 policy HIEEEEHME chosen
pi_logratios = chosen_policy - reject_policy
ref_logratios = chosen_ref - reject_ref

logits = pi_logratios — ref_logratios
loss = -F.logsigmoid(beta * logits)

RIBERL
trainer/train_dpo.py:33-49

1k chosen FH X} rejected B A BE,

12



PPO #= GRPO

Reference | e
PPO Model ) »@
Reward
@_{ Policy | Model |
Model @ ) -
\ e L Models

B £

-
GRP O . Frozen
5 Reference ’r— 2 . Models
, L Model | 1 1
Policy 0, Reward \_> T, Group A,
Model . Model | Computation
% e Ag

Figure 4 | Demonstration of PPO and our GRPO. GRPO foregoes the value model, instead
estimating the baseline from group scores, significantly reducing training resources.

(R E E Ve

University of Chinese Academy of Sciences

13
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PPO: A&, T2, AE#H

prompts

rollout_engine.rollout

PPO #1 DPO kX 5|: DPO HE A chosen/rejected {7
cponses | PPO L B . AR B
WA IR B .

calculate rewards

RS EL
trainer/train_ppo.py:78

trainer/train_ppo.py:89-99
actor loss + critic loss

update actor / critic

13
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PPO reward: #LM %~ + reward model %~

rewards[i] += 0.5 if 20 <= len(response.strip()) <= 800 else -0.5

if '</think>' in response:

rewards[i] += 1.0 if 20 <= len(thinking_content.strip()) <= 300 else -0.5 [].55E§§}
rewards[i] += 0.25 if response.count('</think>') == 1 else -0.25
rewards[i] —-= rep_penalty(answer) (] thinking &4y
score = reward_model.get_score(messages, answer) []:Eiggﬁggﬁ

rewards += reward_model_scores
] reward model ¥4

RIBENL
trainer/train_ppo.py:51-75

14



PPO: Actor % &, Critic 444

class CriticModel(MiniMindForCausallLM):
def __init__ (self, params):
super().__init__ (params)

self.value_head = nn.Linear(params.hidden_size, 1)

def forward(self, input_ids=None, attention_mask=None, xxkwargs):
outputs = self.model(input_ids=input_ids, attention_mask=attention_mask)
hidden_states = self.model.norm(outputs[@])
values = self.value_head(hidden_states).squeeze(-1)

return values

R Ta#s Xy

University of Chinese Academy of Sciences

) Actor: MF[IEF AR, TATTA R EIE
1 Critic: {i} token / JRZSH] value

1 PPO [q] 5} B8 3 actor F] critic

RIBENL
trainer/train_ppo.py:35-48
trainer/train_ppo.py:372-399

15



PPO loss: # clip 49 % % & 47

log_ratio = mb_resp_logp - old_resp_logplinds]
ratio = torch.exp(log_ratio)

k1_ref_penalty = (
torch.exp(ref_resp_logpl[inds] — mb_resp_logp)
— (ref_resp_logpl[inds] - mb_resp_logp)
- 1.0

)

policy_loss = (
(
torch.max(

—advantages[inds] * ratio,

—advantages[inds] *x torch.clamp(
ratio,
1.0 - args.clip_epsilon,
1.0 + args.clip_epsilon

)

) x resp_policy_mask[inds]

).sum() / resp_policy_mask[inds].sum().clamp(min=1)

+ args.kl_coef x (
kl_ref_penalty * resp_policy_mask[inds]

).sum() / resp_policy_mask[inds].sum().clamp(min=1)

&) T 7RSS

University of Chinese Academy of Sciences

T reward If: 5 IX 2 token f 4R
) clips B E B A B R A

(1 KI_ref: PRk ES reference model

RIBENL
trainer/train_ppo.py:187-206

16
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PPO | 4 & R 4k 15 452

TEAR A4

Reward ] 2 15 AR Ui

KI_ref Sk B reference

Approx KL B IH s 224t RABREAL
trainer/train_ppo.py:255-279

ClipFrac % /1> token #f clip

Critic Loss value {51 i &

Avg Response Len K RS

Actor / Critic LR 22 3 RS

RL JI|ZxLl SFT B AFEE . FrAIAGEHE loss,

17
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GRPO || 4% 45 #R

batch prompts

rollout responses

calculate_rewards

group advantages

backward RIBER
trainer/train_grpo.py:70-199
trainer/train_grpo.py:270-328

optimizer.step

rollout_engine.update_policy

e
|
e
!
ke
|
I
l
|
e
!
e
|
ey

22
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GRPO: Al — 48 & % 4% #a 3¢ Lk %%

ik T 92 critic A RLA B 2 advantage SR
PPO L5 wE 1 reward + value
GRPO R L4 114 reward fifk

[7]—A™ prompt A AN I, AN reward BIIERITT ZETHHAX) advantage,

18
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GRPO: 4 prompt £ &K %2 1%

rollout_result = rollout_engine.rollout(
prompt_ids=prompt_inputs['input_ids'],
attention_mask=prompt_inputs['attention_mask'],
num_generat ions=a rgs.num_generat ions, response 1 — reward 1
max_new_tokens=args.max_gen_1len,
temperature=0.8,

) response 2 — reward 2

prompt

response 3 — reward 3

e
!
T
|
BT
!
oo
|
T

. N response 4 — reward 4
KBENL
trainer/train_grpo.py:70-89

A 1A IX A 101 B [ 2H A el B 0 22 /D7

19



) TN TRXT

University of Chinese Academy of Sciences

GRPO: #A A Y7 —4 reward

grouped_rewards = rewards.view(-1, args.num_generations)

ABEN

mean_r = grouped_rewards.mean(dim=1).repeat_interleave(args.num_generations) trainer/train_grpo.py:121-124

std_r = grouped_rewards.std(dim=1,
unbiased=False).repeat_interleave(args.num_generations)

advantages = (rewards - mean_r) / (std_r + le-4)

B reward advantage

A 0.2 KFAHBE — f
B 1.1 =T HYE — IE
C 0.7 BHEAHIGE — /N

20



GRPO policy loss: ratio, clip, KL

(R E E Ve

University of Chinese Academy of Sciences

completion_mask = (
torch.arange(is_eos.size(1), device=args.device) _ . o
.expand(is_eos.size(0), -1) <= eos_idx.unsqueeze(1) ] ratio: Fr|HRIEHERAR (L

).int()
[ clip: BR il 5 e B

kl_div = ref_per_token_logps - per_token_logps
per_token_k1l = torch.exp(kl_div) - kl_div - 1 o KL: FR&I{fE reference model
ratio = torch.exp(per_token_logps - old_per_token_logps) n i
clipped_ratio = torch.clamp(ratio, 1 - args.epsilon, 1 + args.epsilon) ] advantage: 4 ifFRZR IHFLL [H] 25 W B8 A]
ok
E|
per_token_lossl = ratio * advantages.unsqueeze(1)
per_token_loss2 = clipped_ratio * advantages.unsqueeze(1)

per_token_loss = —(
torch.min(per_token_loss1l, per_token_loss2)
— args.beta * per_token_kl RREERL
) trainer/train_grpo.py:131-143

policy_loss = (
(per_token_loss * completion_mask).sum(dim=1)
/ completion_mask.sum(dim=1)

) .mean()

21
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GRPO | % & TR £ 18 457

Fhn &

Reward Rk

KL 5 reference R FEE
GrpStd HN reward J5 22
AdvStd advantage J&75H X 57 B
Avg Response Length AR B

Learning Rate T (E= 2SS P

WRA N reward J7ZEK/)N, advantage {55 R 55

23
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Agentic RL: % %6 T &8 R4

%@ RL Agentic RL

messages + tools

model 4 j§; tool_call

||

execute tool

tool_response fj[|[f] ¢

model 4k%E[A] &

task reward

ARV A TR, R TR S8RER R0 S B IS S,

24
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AgentRLDataset: messages, tools, gt

def __ getitem_ (self, index):
sample = self.samples[index] =357 A
messages, tools =

self.parse_conversations(sample['conversations'])

et 4 messages AR E T
'messages’': messages,
'tools': tools, tools Gy EN=RES
'gt': sample['gt']
I ot BT reward B0 TIE ) FARA 5
RIEENL

dataset/lm_dataset.py:226-252
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parse_tool_calls / execute_tool

def parse_tool_calls(text):
calls = []

for m in re.findall(r'<tool call>(.*?)</tool _call>', text, re.DOTALL):
try: "™ ST . N
calls.append(json.loads(m.strip())) ] RS A e 4% G Y tool call SCAK
except:
pass O AT JSON

return calls

def execute_tool(name, args): O A T 2R

fn = MOCK_RESULTS. get (name)
[ THE&RAEN tool response 5 [a]_| T 3L

if not fn: return None
return fn(args)

RIBERL
trainer/train_agent.py:76-95
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rollout_single: % %t tool use X &

messages

apply_chat_template(..., tools=tools)

rollout_engine.rollout

parse_tool_calls

append tool_response

27
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RL A4

0 DPO: Hi chosen/rejected s HREM DAL o

T PPO: {ERERRIEZS, J reward Fil critic RS .

1) GRPO: [d]— prompt A i~ E1 2, AN LAY 1% advantage,
1 Agentic RL: 3BT HiF LRGN rollout ] reward,

O RL BrBeiaz O A / e / 4141 / 3.

T —%: Take Home

P D R AT B AN S0 AT 55 B IR S B
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% 5 &: Take Home

M MiniMind 2| § SR I ZR5L55

1 Se i U T e AR
1 Pl loss FEMREL 5.
O BeJa REMRRENZRE RO T 422 1L

&8 I LiniMind

Micro intelligence has great potential
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Bebie 4 @ foi2(%& Pretrain

6 55 1 HE— /NI Pretrain

(£55 2: JTENFFAERE— batch

© L5 3 L N F) loss THH) pipeline A

gl R R

daEet /1n_dataset. py Hip: EIEFE ST AR i, input_ids ] labels, loss
PretrainDataset TEMRE A S W B 3T

model/model_minimind.py

L MiniMindForCausallLM. forward
KBENL
trainer/train_pretrain.py lm_dataset.py:37

L train_epoch model_minimind.py:245
train_pretrain.py:23
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AR A BT EESE SFT — A

WAERERY , AAE R BTG [R) 24 R R K

B GPU mi=inEHMEZE, AILAEIERET SFT #iEsE,
HF MiniMind BY pretrain @ full _sft &,
g&— N EBERET RIEEF,

FHtRGERENESER.

LR ARG — A EIE A H IR
L T W AR B U v 52 WA a1

[]
[l

[]
[l

ﬁﬁ(‘bﬁ'%lﬁj_‘ prompt Ef}lﬁﬂ%ﬁﬁ}ﬁﬁ/ﬂ E%%E% trainer/train_full_sft.py
trainer/train_lora.py
dataset/lm_dataset.py —> SFTDataset
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Vibe Coding:

1L AT REBEIRAIENR. AR,
EREIIEIA, ERERERE SIS,

A AL THAR MW, RERIRE R

vall/net

TH

Codex

Claude Code
Cursor

GitHub Copilot

ChatGPT

DR XS AR, I ELREARFE
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Transformers / Trainer

TRL

PEFT

Lightning

Accelerate

ST N T N ity I

SFT. DPO, PPO Z&%}5%i)I| 4

LoRA. QLoRA Z5 2% Ui

WNGIER HiE. checkpoint

L/ ZRB SR A B

HEZR
Megatron-LM
DeepSpeed
FSDP

verl
Colossal-Al

Ray

T b FFo X HAR I 45 F A

WA T

R FAITFIG
ZeRO fhfk. BHTAE
PyTorch i 45 1
KA RLHF / PPO / GRPO
AT I .77 A

AR REE . rollout. RSS ZmHE

(R E E Ve
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Q #EIH. BB, B5: BRX (BAESLEE)
A IS, E=2K: BRX (REFISEXESLERL)

& ?@4@@63&/_? 2022£FE ZHRR(GIRIZ

BARES = lfﬂgﬁl'ﬂ

Fundamentals of Natural language Processing

A= TS EAESLIERE

RHEm: #H3A
2025.9

L]

AT e T —

BFERAG: 1802030839X2P2002H REHM: BHARAEBESNEEM FiEHFP #HIP. ELTE. /HF
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