=5 lightningModulely{&H

EMARIRBIRS R , 2025



fElHhE & SEFH

o {EML :
o 1. EEEAEN : MlightningModule{{#3 , fEtraining_stepHiRINBENIRE
BRE, & TrainerEAMWGPUIIEZ: , FHicHRIIGHAS HHREZL.
2. BER : ifFEModelCheckpointBliFHRIEISGZIZERAIER , FiBBIN
W EHFEFEFRNERARE.
o SEEH :
e 1l. PyTorch LightningE & X4
o 2. #i2 (MAPyTorch+Lightning itk MLEET )
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https://lightning.ai/docs/pytorch/stable/
https://www.bilibili.com/video/BV1Ep421D7Qc

A6 2
B ==

e HREFINNBHRIE—NMRIE
AR KRBT

o EEFMEMIRE  MEERAETH
B CiIRiHEER |, iJIlSEBaY K Ee

o HEMENANREFIHREN
MR , SKMEAREWHA
£ BMEZELEG , d2E&AR
&l ARICEBiZEE

e EIARSNIA
LightningModule@%&#¥KT ,
EEEXRGBABX—E, BE

“IBiE" AR, BlIRTEFZIX
MLightningModuleltigi%, 3%
inEERME

save_metrics_csv = "./metrics.csv”

with open(save metrics csv,"w") as f:

for epoch in range(num_epoch):
train_loss []

train_pred
train_real
valid loss

[]
[]
[]
valid pred []

valid real = [ |

for X,Y in train_dl1:
X = X.float()
Y = Y.long()
optimizer.zero grad()

y_pred = net(X)
loss = criterion(y pred,Y)
loss.backward()
optimizer.step()
train_loss.append(loss.item())
train_pred.append(y_pred.argmax(dim = 1).numpy())
train_real.append(Y.numpy())
with torch.no_grad():
# —epochiligk =i i, FHFEFFEHL—F
for X,Y in valid_dl:
X = X.float()
Y = Y.long()
y_pred = net(X)
loss = criterion(y_pred,Y)
valid loss.append(loss.item())
valid pred.append(y pred.argmax(-1).numpy()})
valid real.append(Y.numpy())
# JEIE NSRRI R, TR EIER

get_metrics(train_loss,valid loss,train_pred,valid pred,train_real,valid real)
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lightningModule2{t4

e lightningModule 22— MEREZIRBIIEZTE #IT -1 EEHARAN—1pythont,

o BR—M1NE, EXT—LEE, Lk training_step (EXB—Pilllstep)iZig),
on_train_epoch_end (EX B —ill&epochERLAGHLIEZLE) on_validation_epoch_end(EX
§—/RifepochERIUBHLEBIE). AAEYESXES— M NBINES , ASlightningModuleis
BRXLAGER  ESMEEEIIFERE ;

o BEidfEMlightningModuleXil&idig#TRE
o 1. JLALENBHAENERS , EMFSHE (MREMETlightningModuleliZitaYiE)
o 2. EINXERHINGRIZIE , FMRAPBE—ERHHET
o BIFRMNBHIEMEE EBEHRA—1Mgpu(FFERAFBEBSto( “cuda”)) ;
o BRMHBITHEEE , BHES , HESEREZIKRHETINEG , iICLlossHITHEER ;
e BEMNREINGRE  FRERMNERE

e 3. MERBSKIEE , FH—HA91ER , ZEHIlightningModuleit{TE 4R , ERFEMMANMKE , BEX
e IRIXE , wmFERlightningModuleRifEH

https://lightning.ai/docs/pytorch/stable/ Y AiERISSsrEe 2025



save_metrics_csv = V. /metrics.csv”

m ‘ h with open{save metrics csv,"w") as f:
E I - fowrite(f"{",".join{[ "epoch', "train loss', 'valid loss", 'train_accuracy', "wvalid accuracy'])}\n")
for epoch in range(num_epoch):

train_loss = []
train_pred =
train_real =
valid_loss =
valid_pred
valid real =

—/Mrain_epoch < for X.Y in train dl:
N . B X = X.float()
IMrain_step < ¥ = Y.long()
optimizer.zero grad()
y_pred = net(X)
loss = criterion(y_pred,Y)
loss.backward()
optimizer.step()
train_loss.append(loss.item())
train pred.append(y pred.argmax({dim = 1}.numpy())

= o= o
I W [y Ry Wy -

train real.append(Y.numpy())
with torch.no_grad():
# —fepochMgEm LG, HFREELHK—
for X,Y in valid dl:
AN : : ‘%'_'_'_'_'_._._-_-_-—-_ X = X.float
Mvalidation_step o Y_lmg{gj
y_pred = net(X)
loss = criterion(y pred,Y)
valid loss.append(loss.item())
valid_pred.append(y_pred.argmax(-1).numpy())
valid_real.append(Y.numpy(})
# 0 AT I R R I BARAE, ITEIHF A DR

get _metrics{train_loss,valid loss,train_pred,valid pred,train_real,valid real)
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lightningModulef§4 s F 8B

T BAEERELSER , (IR
IlghtnlngModuIe@, *Eiﬁ’]ﬂﬂ'%

och start()

in enumerate(val dataloader()):

batch on before batch tra

batch = transfer_batch_to_device(batch)

batch on_after batc

EMARIRBIGR SR , 2025



save _metrics _csv = "./metrics.csv”
with open(save_metrics_csv,"w") as f:
f.write(f"{'," '.join(] 'epoch’, ‘"train_loss', ‘'valid loss', 'train_accuracy', ‘'valid_accuracy’
for epoch in range(num_epoch):
train_loss

train_pred
train real
for X,Y in train_dl:

X = X.float()

Y = Y.long()

y_pred = net(X)

loss = criterion(y_pred,Y)
optimizer.zero _grad()
loss.backward()
optimizer.step() —
train_loss.append(loss.item())
train_pred.append(y_pred.argmax(dim = 1).numpy())
train_real.append(Y.numpy())

with torch.no_grad(): }—(

valid_loss | —
valid pred ] ——] o —
valid real e ————

"
|
|

B repoch Wil

for X,Y in valid_dl: =

X = X.float()
Y = Y.long()
y_pred = net(X)
loss = criterion(y_pred,Y) —
valid_loss.append(loss.item()) e L
valid pred.append(y_pred.argmax(=1).numpy()) S —
valid_real.append(Y.numpy())

M 452 M 4 i 0T A A W2 4 B Mo A £17 0 5 02 %
# W T IR I B T B R4, ElS N B 3K

£ td P et

get_metrics(train_loss,valid_loss,train_pred,valid_pred,train_real,valid_real)




FAlightningModule’&Iris

(pl.LightningModule):

re,n_hidden,n_output,lr):

= Iris_classifier

.criterion = torch.nn.C

.train_loss

.train_pred

batch, batch_i

) .numpy ())

return loss

EPMARIERIRSER |, 2025
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f.valid loss
.valid pred
f.valid real
(self, batch, batch_idx):
batch
-float()
.long()
= self.model(X)
loss self.criterion(y_pred,Y)

self.valid loss.append(loss.item())
self.valid pred.append(y_pred.argmax(dim = 1).cpu().numpy{))
self.valid_real.append(Y.cpu().numpy())

(self):
train loss = np.mean(self.train loss).item()
valid loss = np.mean(self.valid loss).item()
train_pred =np.concatenate(self.train_pred)
train_real = np.concatenate(self.train_real)
valid pred =np.concatenate(self.valid pred)
valid real = np.concatenate(self.valid _real)
train_accuracy = get_accuracy(train_pred,train_real)
valid_accuracy = get_accuracy(valid_pred,valid_real)

save metrics =

{ :self.trainer.current_epoch, :self.trainer.global_step, : :valid loss,

n_accuracy, :valid_accuracy}
tningModel Bl ogf T {RIFIEHR
self.log dict(save metrics, batch size=1)

# HEHTLESbatch_size1R? EIFEIDEET 1, TEEplifiibatch_sizeFEPAREHERE, FLAEEIER batch_sizeil

(self):
optimizer = torch.optim.SGD{self.parameters(), lr=self.lr)

return optimizer




epoch [@..num_epochs]:

on_train_epoch start()

on_before_batch_transfer()

lassifier(pl.LightningModule): transfer batch to device()

__init_ (self, n_feature,n_hidden,n_output,lr): on_after_batch_transfer()
supe 1() ._init_() out = training step()
self.save hyperparameters() On_betore_2€ro_gradt)
self.1lr = 1r optimizer_zero_grad()
self.model = Iris_classifier(n_feature,n_hidden,n_output) on_betore_backward

backward()

self.criterion = torch.nn.CrossEntropyl.oss()

backw

- e_optimizer_ste
on_train_epoch_start(self):
onfigure gradient_

training step(self, batch, zer_step()

_train_batch_end(out, batch, batch_idx)

on_validation_epoch start(self): P

= 1t should check val:

on_validat
validation_step(self, batch, Sorch o=t arad anabladi
on_validation_start()

on_train_epoch_end(self): o0 validution epcch start()
batch idx, batch in enumerate(val dataloader()):
configure optimizers(self): on_validation batch_start(batch, batch idx)

batch on before batch transfer(batch)

batch = trans f»er;t\.-ﬂ C f; 0 ( evice(batch)

HtbpYiSBENX R EREiE? i - on_ater_batch transor(batch)
LEAn [ EIERE  SUEEST , XEBRIBIE | e ke IO
%BEEJJ%%Z{[]UE&%T , IRBEMEFRRILNE AR R i

2P0

BiE , BANAEEE SRR . o oo o

on_train epoch end()




tfaill&LightningModule

o Elriss3XaEMlightningModule®RIFLIE , WA XN RERIRBEITIIGE?
o JIGZEEBEEES—MEORT

o RAFTEEN— JIZEE Trainer WK , BEANBRFMIRBEEBEHE , ABBEA trainer.fit FHbE
% 5€ B AR B B9 )l 25
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model save dir = "./pl train_output"

n_feature = 4 # S AXFEFLFH S 4 . L g
n_hidden = 16 # B 25 W& TH 5 tralner?&ﬁ%ﬂ:*}?
n_output = 3 # A3 FIEE i logits

max_epon.:h = 1886 default_l‘OOt_dil‘Z *Eﬁgﬂ]i$1ﬁj:§'
batChTSlZE = 8 *ﬁ{%ﬁﬁg{ﬁ%

learning_rate = 0.01

monitor = "valid accuracy" .
check_val_every _n_epoch = 1 accelerator: ﬁﬁgpuﬂ”gﬁ-\

model = Lit_iris_classifier(n_feature = n_feature, n_hidden = n_hidden, n_output = n_output,lr = learning_rate) d . B
evice : IEEZMAMgpu , WRE

trainer = pl.Trainer( %i;& ’ %Eﬁbﬁgﬁﬁ]g{#?—}
default root dirz=model save dir,
ch?lerator_‘;'—'gpu" if torch.cuda.is available() else 'auto', Ca”baCkS: IEI-UE'@;E& ) ]‘Eﬁ@ﬂﬁl
evices = [@], N . . S 1+
max_epochs = max_epoch, -LJ:nghtnlngMOdUIe{%Z?EEi{jE*EEE
callbacks=]
ModelCheckpoint( | check_val_every n_epoch: &
dlr‘path=moilel_save_dlr, /_gn/l\ﬂ”gﬁ\epoch ’ ?ﬁﬁﬁgﬁiﬁ%_];lz
save_top_ k=1, 1E \k
-/

save last=True,

monitor=monitor,

save_on_train_epoch_end=True,

mode = "max",

# AT Emode  Fmax Emin, I PNE ZE RAERE, BERN2RES 1
filename="best model {epoch:82d}-{valid accuracy:.2f}"

)

13
logger=True,

check val every n_epoch = check val every n_epoch
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g LightningModule

# EXNZEE f Burfe pJDataloader Xf 5

train_ds = Iris_Dataset(df_train)

valid_ds = Iris_Dataset(df_valid)

train_dl = torch.utils.data.DatalLoader(train_ds, shuffle = True, batch_size
valid_dl = torch.utils.data.Dataloader(valid_ds, shuffle = True, batch_size

M p bt ]
# Zr _.-“fi- L E

batch_size,num_workers

batch_size,num_workers

trainer.fit(model, train_dataloaders = train_dl, val_dataloaders = valid_dl)

trainer.fit , }EE&EFAIlightning model , I
BRI 5E Rk I125%

#EfJdataloader , 3UFERdataloader{E
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Fill 45

(base) [MiWiFi-RD@3-srv zyd ~/workspace/datal2T/deeplearning lab/z)
./pl_train_ output/

best model epoch=20-valid accuracy=0.97.ckpt

last.ckpt

lightning logs

L version @
hparams . yaml

Delimiter: | , v |

metrics.csv epoch
1 0.0
2 1.0
3 2.0
4 3.0
5 4.0
6 5.0
T 6.0
8 7.0
9 8.0
10 9.0
11 10.0
12 11.0
13 12.0
14 13.0
15 14.0
16 15.0
17 16.0

step

12
24
36
48
60
72
84
96
108
120
132
144
156
168
180
192
204

train_accuracy

0.3333333432674408
0.3222222328186035
0.4555555582046509
0.6777777671813965
0.5888888835506982
0.6777777671813965
0.6666666865348816
0.6666666865348816
0.6666666865348816
0.7333333492279053
0.7222222089767456

0.699999988079071

0.699999988079071
0.8333333134651184

0.699999988079071
0.7444444298744202
0.8444444537162781

EPARIRBES LR , 2025

d]1$ tree ./pl _train output/

train_loss

1.1060184240341187

1.037888765335083
1.0026252269744873
0.9844319224357605
0.9485476613044739
0.9176263809204102
0.8783360123634338
0.8718663454055786
0.8285675644874573
0.8046047687530518
0.7817032933235168
0.7473838329315186
0.7194215059280396
0.6754886507987976
0.6617293357849121
0.6230769753456116
0.5892831683158875

valid_accuracy

0.3333333432674408
0.6666666865348816
0.6666666865348816
0.5666666626930237
0.6666666865348816
0.6666666865348816
0.6666666865348816
0.6666666865348816
0.9333333373069763
0.6666666865348816
0.6666666865348816
0.6666666865348816
0.8999999761581421
0.6666666865348816
0.8999999761581421
0.8333333134651184
0.6666666865348816

valid_loss

1.0403215885162354
0.9977619647979736
0.9816060662269592
0.9428871273994446
0.9098227024078369
0.9176682233810425
0.8482908606529236

0.840820848941803
0.8008905649185181
0.8027387857437134
0.7241725325584412
0.7347923517227173
0.6867293119430542
0.6758612990379333
0.6226417422294617
0.6048460006713867
0.5842357277870178



Gl N\ B AR B AT F

best model ckpt = "./pl train_output/best model epoc

n_feature = 4

n_hidden 16

n_output

learning_rate = 9.01

best pl model Lit iris classifier.load from checkpoint(best model ckpt,
n_feature = n_feature,
n_hidden = n_hidden,
n_output = n_output,
lr = learning_rate)

= Iris Dataset(df test)
torch.utils.data.Dataloader(test_ds, shuffle = , batch_size = 14)

1-torch.no_grad():
for -X,Y -in test_dl:
X.float()
¥Y.long()
X.to("cuda™)
¥_to("cuda™)
y_pred = best pl model.model(X).argmax(-1)
real .append(Y.cpu() .numpy())
pred. append(y_pred.cpu().numpy())
real = np.concatenate(real)
pred = np.concatenate(pred)
print (f"{ZEIZG , ML :{get_accuracy(pred,real)}")
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B

o 1. 2&THME{EAlightningModuleRiL &G EMMET S EiREE

o 2. fliETY LightningModulefIEBNMNEGEH , ZETWMEELightningModuleJESRT |
“Efl” BB BEGRERIZEH ENX LightningModulehyI—LEEFmE , EFIE S8
&Himiz)

o 3. ZRTMAAIIGIEREFERNIES LT GBI RRIIFIEREE
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