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import torch

import torch.nn as nn
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import torch.optim as optim
from torchvision import models, transforms
from transformers import BertTokenizer, BertModel
from sklearn.metrics.pairwise import cosine similarity
# € X BB miG %
class ImageEncoder (nn.Module) :
def _ _init__(self, embedding dim):
super (ImageEncoder, self). _init ()
self.model=models.resnet50 (pretrained=True)
self.model.fc=nn.Linear (self.model.fc.in_ features, embedding dim)
def forward(self, x):
return self.model (x)
# 8 SOCAGRRS d5
class TextEncoder (nn.Module) :
def __init__(self, embedding dim):
super (TextEncoder, self). init ()
self.tokenizer=BertTokenizer.from pretrained("bert-base-uncased")
self.bert=BertModel.from pretrained("bert-base-uncased")
self.fc=nn.Linear (self.bert.config.hidden_size, embedding dim)
def forward(self, text):
tokens=self.tokenizer (text, return tensors="pt", padding=True,
truncation=True, max_length=128)
outputs=self.bert (**tokens)
cls_embedding=outputs.last_hidden_state[:, 0, :]
return self.fc(cls_embedding)
# 8 SO L R iR B
class ContrastiveLoss (nn.Module) :
def __init__(self, margin=1.0):
super (ContrastivelLoss, self).__init_ _ ()
self.margin=margin
def forward(self, img features, text features):
sim matrix=cosine similarity(img features.detach () .cpu() .numpy(),
text features.detach () .cpu() .numpy())
positive pairs=torch.diagonal (torch.tensor (sim matrix))
negative pairs=1l-positive pairs
loss=torch.clamp (self.margin-positive_pairs+negative pairs.mean(),
min=0) .mean ()
return loss
# BRI
embedding dim=512
image_encoder=ImageEncoder (embedding dim)
text_encoder=TextEncoder (embedding dim)
# HIEnE CREIEERE>
transform=transforms.Compose ([
transforms.Resize ( (224, 224)),
transforms.ToTensor (),
transforms.Normalize (mean=[0.485,0.456,0.406],std=[0.229,0.224,0.225])
1)
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image=transform(torch.rand (3, 224, 224)) # BEHBANEIE

text=["A photo of a dog playing with a ball."] # FEHIHAA

# AL R

image features=image encoder (image.unsqueeze (0))

text features=text encoder (text)

# THEX L

loss_fn=Contrastiveloss ()

loss=loss_fn(image_features, text features)

# AR ARFAE RT3 R AE

print ("EMGHHE: ", image features)

print ("CARYFAE ", text_ features)

print ("XfHERK ", loss.item())

# B

optimizer=optim.Adam(list (image_encoder.parameters())+list(
text_encoder.parameters()), 1lr=0.001)

optimizer.zero grad()

loss.backward ()

optimizer.step ()

BATEERWT
5454 : tensor ([[ 0.1258, -0.2876, ..., 0.3541]1], grad_ fn=<AddmmBackward0>)

UAHFE: tensor ([[ 0.2153, -0.1358, ..., 0.5129]], grad fn=<AddmmBackward0>)
XEAR%&: 0.7425

(NE) 2/ N

(1) ImageEncoder: {5 FH I 25 H ResNett5 A 2 B EHURRHIE, Il 2045 78 4E P2 I RN 2 7]
(2) TextEncoder: F|FHBERTHE N N SCA AT His, FHoiid 41 452 2 Bt B 2210
(3) ContrastiveLoss: B LLA K &%, oAb BHR S STAR RN KN FFPERE .

(4) T ANEAE: R E AL EUE AR SCARE MR, T IRIEE A TR .

(5 AP IR: 8 Adam R AL 285 P mit #3 HEAT B A )1 25

RSN TR IR A B AR S AR, I AN ZE R SE L T R SOk
MIXE 55, AR 5P ) AR FF K
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import torch
import torch.nn as nn
import torch.optim as optim
from torchvision import models, transforms
from transformers import BertTokenizer, BertModel
from sklearn.metrics.pairwise import cosine similarity
import numpy as np
# ERGmID s
class ImageEncoder (nn.Module) :
def __init__(self, embedding dim):
super (ImageEncoder, self)._ _init__ ()
self.resnet=models.resnet50 (pretrained=True)
self.resnet.fc=nn.Linear (self.resnet.fc.in_features, embedding dim)
def forward(self, x):
return self.resnet (x)
# ARG
class TextEncoder (nn.Module) :
def init (self, embedding dim):
super (TextEncoder, self)._ _init ()
self.bert=BertModel.from pretrained ("bert-base-uncased")
self.fc=nn.Linear (self.bert.config.hidden_size, embedding dim)
def forward(self, input_ids, attention mask):
outputs=self.bert (input_ids=input_ids,
attention mask=attention mask)
cls_embedding=outputs.last_hidden_state[:, 0, :]
return self.fc(cls_embedding)
# ER IR S
class AttentionFusion (nn.Module) :
def __init__(self, embedding dim):
super (AttentionFusion, self)._ _init_ _ ()
self.attention=nn.Linear (embedding dim*2, 1)
def forward(self, image features, text features):
combined features=torch.cat ((image features, text features), dim=1)
attention weights=torch.sigmoid(self.attention (combined features))
fused features=attention weights*image features+ \
(l-attention weights) *text features
return fused_ features
LD ONER P NTIE A
class ContrastiveLoss (nn.Module) :
def __init__(self, margin=1.0):
super (ContrastivelLoss, self)._ _init_ _ ()
self.margin=margin
def forward(self, image features, text features):
sim matrix=cosine similarity(image features.detach () .cpu() .numpy(),
text features.detach () .cpu() .numpy())
positive pairs=torch.diagonal (torch.tensor (sim matrix))
negative pairs=Il-positive pairs

loss=torch.clamp(self.margin-positive pairs+negative pairs.mean(),
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min=0) .mean ()
return loss

# Bl gk 5 Ak B
transform=transforms.Compose ([

transforms.Resize ((224, 224)),

transforms.ToTensor (),

transforms.Normalize (mean=[0.485,0.456,0.406],std=[0.229,0.224,0.225])
1)
# BIBEE CRIK RS RR SCA)
image=transform(torch.rand (3, 224, 224)) .unsqueeze (0)
tokenizer=BertTokenizer.from pretrained("bert-base-uncased")
text=["A cat sitting on a couch."]
tokens=tokenizer (text, return_tensors="pt", padding=True,

truncation=True, max_length=128)

# BRI
embedding_dim=512
image encoder=ImageEncoder (embedding dim)
text encoder=TextEncoder (embedding dim)
fusion layer=AttentionFusion (embedding dim)
# RISk
image features=image_encoder (image)
text features=text _encoder (tokens['input_ids'], tokens['attention mask'])
fused features=fusion_ layer (image features, text features)
# RIE
loss_fn=ContrastiveLoss ()

loss=loss_fn (image_features, text_features)

# B
optimizer=optim.Adam(list (image encoder.parameters())+1list (
text encoder.parameters())+list (fusion layer.parameters()), 1lr=0.001)

optimizer.zero grad()

loss.backward ()

optimizer.step ()

# s

print ("EGEE: image features)

print ("MAKHE: ", text features)

print ("RHAKHE: ", fused features)
(

print ("fK{E:", loss.item())

AT R

B4 454E: tensor ([[ 0.1345, -0.2457, ..., 0.4512]1], grad_fn=<AddmmBackward0>)
XAKFE: tensor ([[ 0.2214, -0.1596, ..., 0.5032]], grad fn=<AddmmBackward0>)
Ah&4FME: tensor ([[ 0.1785, -0.2023, ..., 0.4772]1], grad_fn=<AddmmBackward0>)

WRAE: 0.6854
AR ARAT IR

(1) ImageEncodefTextEncoder: 43 Al #H G SCA T R AR TR
(2) AttentionFusion: 33T VERE /M3 25 T 4 MG AN SCARRFAE (1 il & B
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(3) ContrastiveLoss: 1 FIXT b #i R Ak i N 25 18] AOE X — 30k
(4) B mE S A X 4 AN BHE 31T PR AE L RTRFIESE L
(5) iihe: QFERTHARE . PURITTEARAD R,

AR T 2 EERBALS I TTIE, W LA B 2] 52 THEHE A SOA K
VRS, RIS SEBL 1 ARFALATE X 55 G T 2 Hn s R AUE ST, iR %, WAL S
Wit
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import torch
import torch.nn as nn
import torch.optim as optim
from torchvision import models, transforms
from transformers import BertTokenizer, BertModel
import numpy as np
# EMGRHE SR U A
class ImageEncoder (nn.Module) :
def init (self, embedding dim):
super (ImageEncoder, self)._ _init__ ()
self.cnn=models.resnet50 (pretrained=True)
self.cnn.fc=nn.Linear (self.cnn.fc.in features, embedding dim)
def forward(self, x):
return self.cnn(x)
# SUARFFIE SRR

class TextEncoder (nn.Module) :




def init (self, embedding dim):
super (TextEncoder, self). init ()
self.bert=BertModel.from pretrained("bert-base-uncased")
self.fc=nn.Linear (self.bert.config.hidden_size, embedding dim)
def forward(self, input ids, attention mask):
bert output=self.bert (input ids=input ids, attention mask=attention mask)
cls_embedding=bert output.last hidden state[:, 0, :1 # HU[CLS]M=E
return self.fc(cls_embedding)
# PSR R LL A I Bk
class ContrastiveLoss (nn.Module) :
def _ _init_ _(self, margin=1.0):
super (Contrastiveloss, self)._ _init_ _ ()
self.margin=margin
def forward(self, image_features, text_features):
image features=image_features / torch.norm(image_features,
dim=1, keepdim=True)
text features=text features / torch.norm(text features,
dim=1, keepdim=True)
cosine_sim=torch.matmul (image features, text features.t())
positive pairs=torch.diag(cosine_sim)
loss=torch.clamp(self.margin-positive pairs+(
cosine_sim.sum(dim=1)-positive _pairs), min=0) .mean ()
return loss
# B sk
transform=transforms.Compose ([
transforms.Resize ( (224, 224)),
transforms.ToTensor (),
transforms.Normalize (mean=[0.485,0.456,0.406],std=[0.229,0.224,0.225])
1)
# A nE
tokenizer=BertTokenizer.from pretrained("bert-base-uncased")
def load data():
image=torch.rand (3, 224, 224) # »~BIERGEE
image=transform(image) .unsqueeze (0)
text=["A cat sitting on a sofa."]
tokens=tokenizer (text, return tensors="pt", padding=True,
truncation=True, max_length=128)
return image, tokens['input_ids'], tokens['attention mask']
# BRI
embedding_dim=512
image encoder=ImageEncoder (embedding dim)
text_encoder=TextEncoder (embedding dim)
contrastive loss=Contrastiveloss ()
# Ak
optimizer=optim.Adam (
list (image _encoder.parameters())+list (text encoder.parameters()),
1r=0.001
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# IR

image, input_ids, attention mask=load_data()

image features=image encoder (image)

text features=text encoder (input ids, attention mask)
loss=contrastive loss (image features, text features)
# BRRAL

optimizer.zero _grad()

loss.backward/()

optimizer.step ()
# RRAR
image_features normalized=image features / torch.norm(
image features, dim=1, keepdim=True)
text features normalized=text features / torch.norm(
text_features, dim=1, keepdim=True)
similarity=torch.matmul (image_features_normalized,
text features normalized.t())
print ("HMZEMLES ", similarity.item())
v
BATHIRITT
RRMUUEZM: 0.8421
ARSI T -

(1) ImageEncoderfli TextEncoder: 4351 S FEAG AN SCAS (R RS AE R o
(2) ContrastiveLoss: i F X bb 27 2 ALK UG AN SCA R RFAE R 55
(3) R AL TR eI AR A AN 317 6 G SCAR S N EAT TRAL B o
(4) FREXTF5: I H— AR ETH R AR SR DL .

(5 it BERTHER ST .

FIRARH I 0] b2 ST S E OB AR B LA, FIHIResNetMIBERT 735l 2 HU B 15 5 5L
AHHE, eI 23RN W o 2R R rp A B, B ORARDURE AR A58 B2 e
i, EHTEZHESRRAGNITR.

10.2.2 AR E P RYFFERS S

TEZ ARG R p, 8 T BRI SERFE . SCACREAE LR o] B8 (4 3 AR EAT
ARG, I 3 [ AR 2 (] B 7 AL R SERUR AT P 25 RS S 2R S UL . Bl TSI B
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import torch

import torch.nn as nn
import torch.optim as optim
import numpy as np

import random

# 1 EREOEE RS HORE

# WHEBEHFT, (RIEZRATEI
torch.manual_seed (42)
np.random.seed (42)

random. seed (42)

LI BE E PN MR E I NN

NUM VIDEOS=10 # PSR

NUM_TEXTS=10 # SRR RMEASE (SUMSE, X —BE 02
VIDEO FEATURE DIM=512 # VUBURAIE SR

TEXT FEATURE DIM=300 # SUARRHIESESE

COMMON_EMBED DIM=256 # AN SRR

EPOCHS=10 # IZREE

BATCH_SIZE=5 # HER/ANbER

# BENUSIULSRFAE 55 SCA S AE

# video_features[i] FR/nEE1/MIAAIHL L RHIE ] =

# text features[i] FKNZH1iBSUANIKHIE &
video_features=torch.randn (NUM VIDEOS, VIDEO_FEATURE_DIM)
text_features=torch.randn (NUM_TEXTS, TEXT FEATURE_DIM)

# AT, ZTHEM indices ULHIXFR: B video i M text i AIEH
# WRAIR 51 5ICARSIARE, WA vedlg—xt (ILED

# AN 5B

video_indices=list (range (NUM_VIDEOS) )

text indices=list (range (NUM TEXTS))

# REHAT RO B, BUE I 2RI i B 45 A0 47 451

pairs=list(zip(video_indices, text_indices))

# 2.8 LEHEERE ML
class VideoEncoder (nn.Module) :

[IRIRT]

ST 85, K SR AR AT AL I 3 2 3R A 23]

wnn

def init (self, input dim, embed dim):

super (VideoEncoder, self). init ()
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self.fc=nn.Sequential (
nn.Linear (input_dim, 1024),
nn.RelLU (),
nn.Linear (1024, embed dim)

def forward(self, x):
# HIANJEIR: [batch_size, VIDEO FEATURE DIM]
# HHIR: [batch_size, COMMON EMBED DIM]
return self.fc(x)

class TextEncoder (nn.Module) :

wun

AL, K SCAFRIE B B A RN A ]
def __init_ _(self, input_dim, embed dim):
super (TextEncoder, self). init ()
self.fc=nn.Sequential (
nn.Linear (input dim, 512),
nn.RelLU(),

nn.Linear (512, embed dim)

def forward(self, x):
# BINFEAIR: [batch_size, TEXT FEATURE DIM]
# WK : [batch_size, COMMON_EMBED_DIM]
return self.fc(x)

class MultiModalRetriever (nn.Module) :

LIRIR1]

DRI, BB GG S A R SCA G A A5

def init (self, video feature dim, text feature dim, embed dim):
super (MultiModalRetriever, self). init ()
self.video_encoder=VideoEncoder (video_feature_dim, embed_dim)
self.text _encoder=TextEncoder (text feature dim, embed dim)

def forward(self, video x, text x):
# AR SCARHE 2 B g TS J5 34T 12 31k
video_embed=self.video_encoder (video_x)
text _embed=self.text _encoder (text x)

video_embed=nn.functional.normalize (video_embed, p=2, dim=1)

text_embed=nn.functional.normalize (text_embed, p=2, dim=1)
return video embed, text embed
# 3.8 SO LA R R A

class ContrastivelLoss (nn.Module) :

wun
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XL A B IEBIARMLEE R, B AR ALLEE /)N

A AL R AR IZARALEE

def init (self, margin=0.3):
super (ContrastivelLoss, self). init ()
self.margin=margin

self.cosine=nn.CosineSimilarity(dim=1)

def forward(self, vid embed, txt embed, label):
:param vid embed: [batch_size, embed dim]
:param txt embed: [batch_size, embed dim]
:param label: [batch size], 1F/RILE, 0FRRAILH
# HHESN (video, text) HIMMBIE
sim=self.cosine (vid embed, txt embed)
# IEGIHIR (label=1) : MEARLEBEIGHRE -> 1-sim
positive loss=1-sim
# MBI (label=0) : 77 EAMLEE R/ NELF -> max (0, sim-margin)

negative loss=torch.clamp (sim-self.margin, min=0)

# BREAR IS IE SUFIINALR P2
loss=torch.mean (label*positive_loss+(l-label) *negative_loss)

return loss

# 4 GRS R
# WA S R4k 3%
model=MultiModalRetriever (VIDEO FEATURE DIM, TEXT FEATURE DIM,
COMMON_EMBED DIM)
criterion=Contrastiveloss (margin=0.3)
optimizer=optim.Adam (model.parameters (), lr=le-3)
def get batch(batch size):
RE— AR IE B 5 5451
Efl: video[i] 5 text[i]
ffl: videoli] H text[j], J!=i
batch_video=[]
batch_text=[]
batch label=[]
for in range (batch size):
# BEALAHEL— S IE 4
i=random.randint (0, NUM VIDEOS-1)
v_feature=video features[i]
t feature=text features[i]
batch video.append(v_feature.unsqueeze (0))
batch text.append(t_feature.unsqueeze (0))
batch_label.append (1) # label=1 FiRILEL
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# BEALII— A 5451
# X H AT HILERE—NS 1 AEW S
j=random.randint (0, NUM VIDEOS-1)
while j ==

j=random.randint (0, NUM VIDEOS-1)
v_feature neg=video features([i] # AHFIMIMN
t_feature neg=text features[]j] EIENEB&N
batch video.append(v_feature neg.unsqueeze (0))
batch text.append(t_feature neg.unsqueeze (0))
batch label.append(0) # label=0 FT/NAILE

# PHEEN batch
batch_video=torch.cat (batch_video, dim=0)
batch_text=torch.cat (batch_text, dim=0)
batch label=torch.tensor (batch label, dtype=torch.float32)
return batch video, batch text, batch label
# TG
model.train ()
for epoch in range (EPOCHS) :
epoch loss=0.0
num iters=10 # A epochillZdF T Moatch, FIHRHE T B %
for _ in range(num iters):
vid batch, txt batch, labels=get_batch (BATCH SIZE)

optimizer.zero_grad()
vid_embed, txt_embed=model (vid_batch, txt_batch)

loss=criterion(vid embed, txt_embed, labels)
loss.backward()
optimizer.step ()

epoch loss += loss.item()
avg_loss=epoch loss / num iters
print (f"Epoch [{epoch+1}/{EPOCHS}], Loss: {avg loss:.4f}")

# 5 RIAHER S5 R R
model.eval ()
def retrieve_video_by text (query_idx, top_k=3):
EENART], KRR
:param query idx: ARSI
:param top k: KZRATKMNAN
with torch.no grad():
# 1. XSCAREAT D
text vec=text features|[query idx].unsqueeze (0)
text embed=model.text encoder (text vec)
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text embed=nn.functional.normalize (
text embed, p=2, dim=1) # shape [1,embed dim]

# 2. TEPTHE BRI L
all videos_embed=model.video_encoder (video_features)
all videos embed=nn.functional.normalize (
all videos_embed, p=2, dim=1) # shape [NUM _VIDEOS, embed_dim]

cos=nn.CosineSimilarity (dim=1)

similarities=cos (text_embed, all videos_embed)

# 3. HUMLSE S i LA AL

values, indices=torch.topk(similarities, k=top_k, largest=True)

return indices, values

# 6. R RLR

if

_ _hame__ ==

~ main

print ("\n=== fRMX ===")
test text idx=2 # MM EXAZES|

results_idx,

results_values=retrieve video by text (

test_text idx, top_k=3)

print (£"XAEKT: {test_text_idx} HIRLRE HLEMNREML) - )

for rank,

results_idx2,

print (£"

(idx, val) in enumerate (zip (results_idx, results_values), 1):

AFABLE «
# WAL R 2 N SRR S

another_ text_idx=7

HE4 (rank} -> PIREEG: (idx.item()},

{val.item():.4£}")

results values2=retrieve video by text (

another text idx, top k=3)

print (£"\nXA%K5: {another_ text idx} MIKZREEHR AHLEMNERUL) ™)

for rank,

print (f"

(idx, wval) in enumerate(zip(results idx2, results values2), 1):

Hi4 {rank} -> WHIET: (idx.item()},

FLE: {val.item():.4£f}")

PARONE— GRENLR [ € . CPUMEL MiafT BRI /a 5 21K plf it Ch T 1 EENL
e, BUHSSRATREMS A Z5) -

Epoch [1/10], Loss: 0.6562
Epoch [2/10], Loss: 0.5869
Epoch [3/10], Loss: 0.5331
Epoch [4/10], Loss: 0.4582
Epoch [5/10], Loss: 0.4250
Epoch [6/10], Loss: 0.3987
Epoch [7/10], Loss: 0.3653
Epoch [8/10], Loss: 0.3451
Epoch [9/10], Loss: 0.3189
Epoch [10/10], Loss: 0.2974



%10 & SEAhERL5EFZZR 243

=== BRI ===
XAZEG 2 PRRGEFR HLVE N EEMK) -
HAZ 1 -> YRS : 2, MULE: 0.9305
HA 2 —> PIES]: 5, MMLUE: 0.6289
HA 3 —> &S 7, MULUE: 0.5593
ARG 7 MRRER FHEVENERENR)
HE4 1 > RS 7, MBUE: 0.9054
HE4 2 -> YRS 2, MBUE: 0.5412
HE4 3 —> &S 1, MBUE: 0.4237
MEERTTLLEH, SR ERE SXF s R, BB 7RI 28 Ak LU s A AL B2 3K [
5CARKHEVLEC IR 5]« BEARRBIEON TR ., (H A BE08 1 BHZE UG 2 P 5 NEFIEXT 55 Al
XL e 2 A S % o

10.3 ETZHEEHEFERS

RS BERIIR S O RO T EE G R, SRS MAEGR. UK, S 2
SHHIE, 7TCLEZFIRTHERE RGR ML SSRGS . EZBSIRAKN AT, FERH5E 115 X
TR A, AHPRA RS Z 18 R PE, RIS AEZD A G e SRR W R v, ORIUESHEAR 45 R it
MG

AR G2 BUSHERE RGO OERIT N, IRRZESIRA R SLHLUT 5 5 8 5 %
WS 14 S B B

10.3.1 ZBIRESTBRNEHEFTSHHNB

DR IRANAEESE RGP IEWE R EER M . ARG B E R T M S Y6
ZIFET midiy PR A AT B 0 5C R OREEAT T, TR W 25T RIS 2 Tl A A TR K
ild, WATH A EG . SO, BMEZHEGER, BOVRTHERIERER EE T .

L 2SR, FATREVS AL [F]— > 17 5 23 (8] B0 P ANl AL SEARFAE . SCARRAE ) 215
ERFERAT I SR G, AT 52 58 45 B A0 SORIk . BART S, R RS 0500 2 AR A R AT R
JE 27 SRR (g i), 451 ok FH A AR 22 X 2% SR IR P RN, A8 FH 00 ki 5 AR 1 s SRS
ARG G AR BOCA SR 7 &, FH5 P AT RHEEUE B TR IR ARG &, IAAES— BN [A]
PG I 550 i ) 2% 8 L BORALLRE

N T B DR AR R R 5 RCE, TR NIZRB BT NEE T s S s AT 5557 2 AR
WEFR, S ATE (R 2 A5 BX 4 RIS, RRTE TN H AR LIk BB it pe . X P 2458
SEMHE R RRLE T3 (AR R GRS L7 5 N R A I N R 4E L 5E 9 2 T 261 T OREFER
FRIHER R, NI R T HERE RGN ST, BIAnAE AR BT MR . O A ik 25 40
i, HREE I 2 A A R R I P e o
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BEAN, RS HRN K R AR P A B8, T A mT AR S A AR R AL AR SR FR A o i
BAoAT, WSRO REF 2 W AERLGE . SORSEA RIS I, AT 2 45 R AT iR A
Ltk

Mgy A AR HERE RG], s T R S Y0 B BB . SCACRAAE
TIBRARAN, JF2] T, LA 7 5908 2 1a VLG . iz Bl BU TR D 3R

O e, BIVEMNRAEHE. DRERGHE. YRIABTUREAZETS.

P #EEE. EXSESHENS, QFEBARDE BERBE. GBS, BaE

ISHFIERR ST B NI AT ],
(B M&k@¥. XAHFIRE (MSE) FUNIENHTEIE, BT EHEERHIN ik
FZXBHRK.
) N5ty YRR TIIGR, SESLNYIGRE,
5 WA54R. ATETREANYRES, TUETEITS, FRLROMER.

PAU AR Z- 10 7 AT St R P BEAL Bt - AE SRR I, 5 200 B SOR SR SERFIE s i
TRAL P SRR AESR UG BRI 2R, R AT LS 2 BRI Z 4R . IEAL S04 Sk .

import torch

D

L

import torch.nn as nn
import torch.optim as optim
import numpy as np

import random

SRS

SEED=42

torch.manual seed (SEED)

np.random. seed (SEED)

random. seed (SEED)

# RERATHE N~ MHAS M A

NUM_USERS=20

NUM_ITEMS=30

# ®WAFHFE USER_FEAT_DIM ZEMIFFRHE CAnsFds. Ol J%E I BHRASE)
USER FEAT DIM=16

# B EGERELE R (B S C NN B IMAGE. FEAT DIMZE)
IMAGE FEAT DIM=32

# BV SCRRIEAE R CUnbrl, RN

TEXT_FEAT DIM=32

# NIRRT H) 4k L

EMBED DIM=16

# BEHUIPER [0, 57 B[ IE )

RATING _MIN=0.0

RATING MAX=5.0

# AR RBEHLIN P RHE

user_ features=torch.randn (NUM _USERS, USER_FEAT DIM)
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# LR RN S B R AE
item image_features=torch.randn (NUM_ITEMS, IMAGE_FEAT_DIM)
# AR AL i SOARFAE
item text features=torch.randn (NUM ITEMS, TEXT FEAT DIM)
# BEMLA RO P =P 38 BT Sy GXAE B S35 h 7 BB S8
# MWK RA (user, item) XHESFENLLH —NIrEL, SERRAIRE RAFTER 2 WEHE
ratings _matrix=(RATING MAX-RATING MIN) *torch.rand(
NUM USERS, NUM_ITEMS)+RATING MIN
# DIX NI, kWAL 8 0 s 2, 2095t
# XHEH (user _idx, item idx){EANXH = il
all pairs=[]
for u in range (NUM_USERS) :
for i in range (NUM_ITEMS) :
all pairs.append((u, 1i))
random.shuffle(all_pairs)
train size=int (0.8*len(all pairs))
train pairs=all pairs[:train size]

test pairs=all pairs([train size:]

# 2. SR

class UserEncoder (nn.Module) :

wun

R b, 4 A F P AR5 R BRI 2 A RN 2 ]
wnn
def __init__(self, input_dim, embed dim):
super (UserEncoder, self)._ _init _ ()
self.fc=nn.Sequential (
nn.Linear (input_dim, 32),
nn.RelLU (),
nn.Linear (32, embed dim)

def forward(self, x):
# WIAJEIR: [batch_size, USER_FEAT DIM]
# ¥R : [batch_size, EMBED DIM]
return self.fc (x)

class ImageEncoder (nn.Module) :

FIG g3, 5 EURRFIERUR 2 A L RN 23R
def _ _init _(self, input_dim, embed dim):
super (ImageEncoder, self)._ _init__ ()
self.fc=nn.Sequential (
nn.Linear (input dim, 64),
nn.RelU (),

nn.Linear (64, embed dim)




def forward(self, x):
# WIAJEIR: [batch size, IMAGE FEAT DIM]
# WiliJEAR: [batch size, EMBED DIM]
return self.fc(x)
class TextEncoder (nn.Module) :

wnon

SCRGADAS, W SCARAE R B A RN 7 (]
def init (self, input dim, embed dim):
super (TextEncoder, self)._ _init ()
self.fc=nn.Sequential (
nn.Linear (input_dim, 64),
nn.RelLU (),

nn.Linear (64, embed _dim)

def forward(self, x):
# WIAJEIR: [batch size, TEXT FEAT DIM]
# Wi [batch_size, EMBED DIM]
return self.fc (x)

class MultiModalRecommender (nn.Module) :

wun

E2 Fjizcartich

1. FHHF* -> user encoder -> user embed

2. REG > image encoder -> image embed

3. WA -> text encoder -> text embed

Y4 embed=image embed+text embed (FJfHE % RlA M)
W&VFsr=f ( user _embed, item embed )

LIRIR1]

def init (self, user feat dim, image feat dim,
text feat dim, embed dim):
super (MultiModalRecommender, self). init ()

self.user_encoder=UserEncoder (user feat_dim, embed_dim)
self.image _encoder=ImageEncoder (image feat dim, embed dim)
self.text_encoder=TextEncoder (text feat dim, embed dim)

# BT IR, X B A SR R R S
# Xt user embed Al item embed Hf#Z, SRJE T
self.fc_final=nn.Sequential (

nn.Linear (embed dim*2, 32),

nn.RelLU (),

nn.Linear (32, 1)

def forward(self, user feat, img feat, txt feat):
# i
user embed=self.user encoder (user feat) # [batch_size,
image_embed=self.image encoder (img feat) # [batch_size,

embed _dim]

embed _dim]
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text_embed=self.text _encoder (txt_feat) # [batch_size, embed dim]

T R o/ P U R DS B o = g < B U7 2 Y R WA R

item embed=image embed+text embed # [batch size, embed dim]

# PHEEEEE
combined=torch.cat ([user_embed, item embed],
dim=1) # [batch size, 2*embed dim]
rating pred=self.fc_final (combined) # [batch_size, 1]

return rating pred.squeeze (1)

# 3.5
+ ESYNE
EPOCHS=5
BATCH_SIZE=16
LEARNING RATE=le-3
model=MultiModalRecommender (USER FEAT DIM, IMAGE FEAT DIM,
TEXT FEAT DIM, EMBED DIM)
criterion=nn.MSELoss () # ffifH¥HiR%E
optimizer=optim.Adam (model.parameters (), lr=LEARNING RATE)
def get _batch(pairs, batch size):
nun
FEHLIREL— MR (user, item, rating)
e B 4T B0 SR R AIE
batch=random.sample (pairs, batch_size)
user_batch=[]
image batch=[
text _batch=[]
rating batch=[]

]

for (u idx, i idx) in batch:
user batch.append(user features[u idx].unsqueeze (0))
image batch.append(item image_ features[i idx].unsqueeze (0))
text batch.append(item_text features[i_idx].unsqueeze (0))

rating batch.append(ratings matrix[u_idx, i_idx].unsqueeze (0))

user batch=torch.cat (user_batch, dim=0) # [batch_size, USER FEAT DIM]
image batch=torch.cat (image_batch, dim=0) # [batch_size, IMAGE_FEAT DIM]
text_batch=torch.cat (text_batch, dim=0) # [batch_size, TEXT_FEAT_DIM]
rating batch=torch.cat (rating batch, dim=0) # [batch_size]

return user batch, image batch, text batch, rating batch
# YIZRIEER
model.train ()
for epoch in range (EPOCHS) :

epoch loss=0.0

num iters=50 # A epochillgidF T Mbatch, FIHIHEEHH AL H %



for _ in range(num iters):

user b, img b, txt b, r b=get batch(train pairs, BATCH SIZE)

optimizer.zero grad()

pred=model (user b, img b, txt b)
loss=criterion(pred, r b)
loss.backward ()

optimizer.step ()
epoch_loss += loss.item()

avg_loss=epoch_loss / num iters
print (f"Epoch [{epoch+1}/{EPOCHS}]-Training MSE: {avg_loss:.4f}")

# 4 MK S8R
model.eval ()
test user b, test img b, test txt b, test r b=get batch(test pairs, BATCH SIZE)
with torch.no grad():
test _pred=model (test user b, test _img b, test_txt b)
test_loss=criterion(test _pred, test r b).item()
print ("\n=== JHALEE ===")
print (£"WHREFEVIFEA MSE: {test loss:.4f}")
# i S T 5 BSR4 HEAT 0 EE
print ("\nTWIES vs. FEFS:™)
for i in range (min (5, BATCH SIZE)): # JE/RHI5H
print (£" Tilll: {test_pred[i].item():.3f} | H: {test_r bl[i].item():.3£}")
# AT RS AN R L AN A B
def predict single(user idx, item idx):

LIRIR1]

“hEuser idx, item idx, FUIES
with torch.no grad():
uf=user features[user idx].unsqueeze (0)
imgf=item_image_ features[item_idx].unsqueeze (0)
txtf=item text features[item idx].unsqueeze (0)
rating p=model (uf, imgf, txtf)
return rating p.item()
# Bl TRINEE 05 F P X B 0 S A VT 43
demo rating=predict single (0, O0)
print (£"\nf/7OXI ORI TSy : {demo_rating:.3£}")

DA ALERENLAN 78 € . CPUMEE NigAT B AU 543 B s flfa t (BUE <IN a1k
WEHAFD -
Epoch [1/5]-Training MSE: 4.1196

Epoch [2/5]-Training MSE: 2.6340
Epoch [3/5]-Training MSE: 1.8467
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Epoch [4/5]-Training MSE: 1.4032
Epoch [5/5]-Training MSE: 1.1235
=== JIRLR ===

MIREFEHUFEA MSE: 1.0872

TSy vs. ESEVFS:

T : 3.418 | HSE: 2.761
T: 2.526 | ESL: 4.394
T: 4.663 | ESEL: 3.926
TM: 1.836 | HSL: 0.672
. 3.225 | HSEZ: 2.582

R X0 i ORI TN B 55: 3,271

MTUVE R, BRERIEEE B TRINZR)E, B5iRE (MSE) MBS MIAITREZH#HT T
B, IFAEDNRAEREALRAE A A b th BEAT 2R & B A 73 il o IR — MR 1, (3
MR R T WHTAEAERAAT 55 PR 2SN, BRI S R SORSFARS AT G 21, I
B LT DF 73 B T

10.3.2 HHERENMSELRS EFH

B 7 AN SRS AN WAL, HETE RS R R O HE TR MR R, 7R A
I T b SR Al A G IC T . AR S8 B 2RI R TT ik LR [ 8 R 4R BTN 2, D
B RE P S R I AR

SRTIAESE PRIz e, R SR PE . S EAT UM N EIE S S BE (] ek, 7 B R
GEREE HEAT AR 2 5 D) B RSN . AT, AR G0 nT DAE — S I 18] T 1 ORI A (K F P 4T 93
P, IR, midde. WO, PRRAE, JRRRX LR S R HR R A T ER s E Y N . R
N T SR RO S R Y P G RS, 3 T DB R VE S AL R I ek ok Bl g R A 2R, ik
TR OR B i 25 1 D0 S A5 RO S B AT 0, AT ZE 8 I e 2 ) 4% 146

B 7N P B AR Z A, BRI Y AR B Eh S SR YR AT P . Bldn, AR
PR R A 18] B J5 LA A, SR P S B MR —LE R S RO T H Bl
FERGUTT B F OB 35 o AR Besh 2578k, AT DA I 78 2ed2 i sl 3 s AR I 2R 77 5K,
EH R RN B S B S U iR« S8R FEMREED B ORHES RN 58T 1 i
A HERRAL -

H5Z MG, EHAERGE B ELIAEL S SIHER, M B ISR R (K DI A v 30
SR, 6 G DRI 28 B T T 6 A 55 SRR B P AR I AN KR, HERE RSB A I C 5 S
CLZE AR THEREAR T A iy R ARSI R, R BRSNS T, R & RS
SR BE R B R AN 5 K 4 R A S g

PAF AR 7R Bl Py Torch o 1 —NRIMLAYT “Bhas” ZHBESHETESLY, BT T NES
AN A BGZ A BISK,  FFAEREANIN 1R BoG B R HEAT 18 B BB IR . R BB S DU D 3R
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) KR BEYA AR PEHE. OSBRSS SCRSHE, HERE P - WSR3 EIT5,
BEGERBREM B E, DUSIEhABIRMHTH .

B #EAEX: SEAHDE, BTNEAFRISYRER. XABE, IREI5E—H
BN, TESFOUNL, BTHEH A AR ET

(B HAFFRE: KIERZNEEME (Phase) , G NEEBFLHNES - MR
BEHE, SN LRI EHRTHSSG BEFR) , NHEMERNEL
B3],

) SR A HONBERE, NSFNEIRER-ARTTON, FHTESH
iRZ (MSE) , $TENEMEMATINSELEXTL, NEERERES S ENAER
B

1o A P BE R LA, SRR 5 BUE A s . R RS st B SR il 55 K
FFATRETI N FE R AR A RIZ R . R L B AR 422 2] U

import torch

import torch.nn as nn
import torch.optim as optim
import numpy as np

import random

# 1A %

SEED=2024

torch.manual seed (SEED)

np.random. seed (SEED)

random. seed (SEED)

# B R

NUM_USERS=40

NUM_ITEMS=60

# ZRSRALYEE

USER_FEAT DIM=12 # HJUSE4ERE

IMAGE_FEAT DIM=16 # Y& EMGSRIELERE

TEXT_FEAT DIM=16 # YIS OCARHIESERE

# AFHRAYEZ

EMBED DIM=8

# PPorYER [0, 5]

RATING_MIN=0.0

RATING_MAX=5.0

# BENLA B RE

user_ features=torch.randn (NUM _USERS, USER_FEAT DIM)
# BEHLAL B it R AR AIE
item_image_features=torch.randn (NUM_ITEMS, IMAGE_FEAT DIM)
# BEBLAE B it SRR AE

item_text features=torch.randn (NUM _ITEMS, TEXT FEAT DIM)
# EEHP-YRAH (v, 1) FFAERBEHLIE

all user item pairs=[]
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ratings_matrix=torch.zeros (NUM USERS, NUM_ITEMS)
for u in range (NUM_USERS) :
for i in range (NUM_ITEMS) :
rating= (RATING MAX-RATING MIN) *random.random () +RATING MIN
ratings_matrix([u, i]=rating
all user item pairs.append((u, 1i))
# R RBEEITEATEL, UG P 2R A £t
random.shuffle (all user item pairs)
# BRI B B RIDR, W4y N PHASE_COUNT AN B
PHASE_COUNT=3 # RIS RUEAT 5
phase size=len(all user item pairs) // PHASE COUNT
phases=[]
start_idx=0
for phase_idx in range (PHASE_COUNT) :
if phase_idx < PHASE_COUNT-1:
end idx=start idx+phase size
else:
# R — B S RIAR A Bl
end_idx=len(all_user_item pairs)
phase_pairs=all_user_item pairs[start_idx:end_ idx]
phases.append (phase pairs)
start_idx=end_ idx
# N T ERSSHBIIZG ST, BAEE Phase T BERE I 8%, K
# Bl Phase 80N, 203l
def split_train_test(pairs, train ratio=0.8):
train size=int (len(pairs)*train_ratio)
train data=pairs[:train_size]
test_data=pairs[train size:]
return train data, test_data
phase_train data=[]
phase _test data=[]
for phase idx in range (PHASE COUNT) :
train part, test part=split train test (phases[phase idx], 0.8)
phase_train_data.append(train part)

phase_test _data.append(test_part)

# 2.8 LB ML
class UserEncoder (nn.Module) :

[IRIRT]

Pt A F P R ERUE 2 AL RN 23 H]
def __init _(self, user_feat_dim, embed dim):
super (UserEncoder, self). init ()
self.fc=nn.Sequential (
nn.Linear (user feat dim, 16),
nn.RelLU(),

nn.Linear (16, embed dim)




def

forward(self, x):
# x: [batch_size, USER_FEAT DIM]
return self.fc(x)

class ImageEncoder (nn.Module) :

wnon

K&

wun

def

def

it Kb BRI R G B A JER N 2 18]

_init (self, image feat dim, embed dim):
super (ImageEncoder, self)._ _init__ ()
self.fc=nn.Sequential (

nn.Linear (image_feat _dim, 32),

nn.RelLU (),

nn.Linear (32, embed_dim)

forward(self, x):
# x: [batch size, IMAGE FEAT DIM]

return self.fc (x)

class TextEncoder (nn.Module) :

wun
wun

def

def

SRAES, R SCARRE ST B A L RN 25 8]

__init _(self, text feat dim, embed dim):
super (TextEncoder, self)._ _init _ ()
self.fc=nn.Sequential (

nn.Linear (text_feat_dim, 32),

nn.RelLU (),

nn.Linear (32, embed dim)

forward(self, x):
# x: [batch size, TEXT FEAT DIM]

return self.fc(x)

class DynamicMultiModalRec (nn.Module) :

EZ1
(@D
2
(3)
(4)
(5)

wun

def

DR, RSN IER=IZ5:
user_encoder XHFPHRHESID -> user_embed
image_encoder X EMEFHERIY -> image_embed
text_encoder MM CARHESIG -> text_embed
item embed=image embed+text embed
¥ user embed 5 item embed HfE, 15EIESTAM

~ init (self, user feat dim, image feat dim,
text feat dim, embed dim):

super (DynamicMultiModalRec, self). _init ()

self.user_encoder=UserEncoder (user feat dim,

self.image encoder=ImageEncoder (image feat dim,

embed _dim)

embed _dim)
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self.text_encoder=TextEncoder (text feat dim, embed dim)

# AT
self.fc_score=nn.Sequential (
nn.Linear (embed dim*2, 16),
nn.RelLU (),
nn.Linear (16, 1)

def forward(self, user_ feat, img_feat, txt_feat):

user_embed=self.user_encoder (user_ feat) # [batch_size, embed_dim]
image_embed=self.image_encoder (img feat) # [batch_size, embed dim]
text_embed=self.text_encoder (txt_feat) # [batch_size, embed_dim]
item_embed=image_embed+text_embed # [batch_size, embed dim]

concat vec=torch.cat ([user embed, item embed], dim=1)
# [batch size, 2*embed dim]

score pred=self.fc_score (concat_vec) # [batch_size, 1]

return score_pred.squeeze (1)

# 3. BN
# WIS 5 HAL 25
model=DynamicMultiModalRec (
USER_FEAT DIM, IMAGE FEAT DIM, TEXT FEAT DIM, EMBED DIM
)
optimizer=optim.Adam (model.parameters (), lr=le-3)
criterion=nn.MSELoss ()
BATCH_SIZE=32
EPOCHS_PER_PHASE=3 # R MBI EL
def get batch(data pairs, batch size):
BENLIE — A batchlf 8 (u_idx, i_idx, rating)
HIR [R5 R ARFAE
win
batch=random.sample (data_pairs, batch_size)
user_batch=[]
img_batch=[]
txt_batch=[]
rating batch=[]

for (u_idx, i_idx) in batch:
u_feat=user features[u idx].unsqueeze (0) # [1, USER FEAT DIM]
i img feat=item image_features[i_idx].unsqueeze (0)
# [1, IMAGE _FEAT DIM]
i txt feat=item text features[i idx].unsqueeze (0)
# [1, TEXT _FEAT DIM]
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r=ratings matrix[u idx, i idx].unsqueeze(0) # [1]

user batch.append(u feat)
img batch.append (i img feat)
txt batch.append (i txt feat)
rating batch.append(r)

user batch=torch.cat (user_batch, dim=0)

img batch=torch.cat (img batch, dim=0)

txt _batch=torch.cat (txt_batch, dim=0)

rating batch=torch.cat (rating batch, dim=0)

return user batch, img batch, txt_batch, rating batch

def evaluate_model (model, data_pairs):

PR AL 45 58 Bd 5 LT IR %
model.eval ()
if len(data pairs) == 0:
return None # # N%¥, MIIR[H None
with torch.no grad():
user list=[]
img_list=[]
txt list=[]
r list=[]
for (u_idx, i_idx) in data_pairs:
user_list.append(user_features[u_idx].unsqueeze (0))
img_list.append(item_image features[i_idx].unsqueeze (0)
txt list.append(item text features[i idx].unsqueeze (0)
r list.append(ratings matrix[u idx, i idx].unsqueeze (0))
user tensor=torch.cat (user list, dim=0)
img tensor=torch.cat (img list, dim=0)
txt_tensor=torch.cat (txt_list, dim=0)
r tensor=torch.cat(r list, dim=0)

pred=model (user_tensor, img_tensor, txt_ tensor)
mse=criterion(pred, r_tensor).item()

return mse

# 4. BOY RIS

for phase idx in range (PHASE COUNT) :
print (£"\n=== Phase {phase idx+1}/{PHASE COUNT} ==="
train data=phase train data[phase idx]
test data=phase test data[phase idx]

# WRINGRE N EAMRD, AT Ak
if len(train data) ==
print ("ZM BRI IIGREIE, Bhid. ™)

continue
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# FEARBTBCHEAT 4 TR I 2R
model.train ()
for epoch in range (EPOCHS_PER_PHASE) :
epoch loss=0.0
iteration_count=max (1, len(train data)//BATCH SIZE)

for _ in range(iteration_count):
# SRIC— AR R He
user b, img b, txt_ b, r b=get batch(train_data,
min (BATCH_SIZE, len(train_data)))

optimizer.zero_grad()
pred=model (user_b, img b, txt_b)
loss=criterion (pred, r_b)
loss.backward ()

optimizer.step ()

epoch _loss += loss.item()

avg loss=epoch loss / iteration count
print (f" Epoch [{epoch+1}/{EPOCHS PER PHASE}]-Training MSE: {avg_loss:.4f}")

# WG HRETEAR P B R s L vr A
mse_test=evaluate_model (model, test_data)
if mse_test is not None:

print (f" W4 MSE: {mse test:.4f}")

else:
print (" WHASEART, BMHALEE. ™)

# 5. TIN5 25 Rl
print ("\n=== RZRFITM ==="
# MEE— M B test_data B TREABE TS L
if len(phase_test data[-1])>0:
sample _to_show=min (5, len(phase_test data[-1]))
for i in range(sample_to_show) :
u_idx, i_idx=phase_test_data[-1][i]
true_rating=ratings_matrix[u_idx, i_idx].item()

with torch.no_grad():

pred_score=model (
user_features([u_idx].unsqueeze (0),
item_image_features[i_idx].unsqueeze (0),
item text features[i idx].unsqueeze (0)

)

print (£" R/ {u_idx} S¥& (i_idx) BIESZFSr: {true rating:.3f),
FMIF4>: {pred score.item():.3f}")
else:

print ("HJEH BT, TEERTMAR, ")
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LU NFER EREHLRN T CPUMEL FiaqT EIRACH A, RTREFRAS I n il (hi+2f%
fEFBENLEEE, SERRBE S ITAR, US%) .

=== Phase 1/3 ===
Epoch [1/3]-Training MSE: 5.2859
Epoch [2/3]-Training MSE: 3.6087
Epoch [3/3]1-Training MSE: 2.6242
WAL MSE: 2.4287

=== Phase 2/3 ===
Epoch [1/3]-Training MSE: 2.9821
Epoch [2/3]-Training MSE: 2.0516
Epoch [3/3]-Training MSE: 1.8544
M MSE: 1.7993

=== Phase 3/3 ===
Epoch [1/3]-Training MSE: 2.1279
Epoch [2/3]-Training MSE: 1.4952
Epoch [3/3]-Training MSE: 1.1093
MRS MSE: 1.0572

=== RZFHITIN ===

FF 16 Xkt 53 MIHESEVSr: 4.235, TMVES: 3.712
FHF 30 Xk 15 MIESEVFSr: 2.503, THMIVESr: 2.308
P 25 X0k 45 BIESEPE4y: 0.396, THMILES: 0.980
FHF 14 X908 40 BIESEVE4Y: 3.191, TIEES: 2.799
FHP 39 Xk 9 MESEISr: 1.580, FUMIYES: 1.925

WLz, BATAT A S RIRERIAE A “ IR IR BURIgRid RE, AR Bed i)
JEAEMASE BRI TR R . B HT R BRGS0 5, RS RERS SB MR A 12
RITI, AT — M Eh A ERC 5 R R B . BRI A2 — MR BN LB R, (EAESERRL 55
W, FaeE A R AT N HES ZEENAERE (BIEIE. SOR. H85) , FHs K
PR LR SIHEDY, B REA R BE P i i s 25224k, J9 P 4@ f S v S8 S g MR HE R

10.4 AT/

ARERD T 2BSRR SN OEOR, OEERSRRFERN A S S5t £
BEASRHIE ARl & 0%, DLEHER: R G0 rh 2 RS HUR (I Eh A d Be 5 8. @I 51N SEHE AT 5 A
XTEEEE 27, 5 TR R AHERAAE 55 T ORI, AR T i iE e R AL AL SR TR R AL
REHERICR

AENHEAMGRE TG SUBRCSCARRIER G 2L, BT T 2 B 5 BAESEPRES Th &
Fo S OCieskms, @ E R R SHERE R AR T RGVERBIS IS LR &



%10 & SEAMRLEFEZRL 257

10.5 HEXEm

(D FEBESKR RS, AT ERBRH R IET RO R P IR, 75 TE4H 1 B anfeTid
TE0F b2z S R SE UG AN SCAR B S R N2 (8] o HAR[RI 2RI 25 G contrastive_lossER I ThRE, I
IR SR E S SCIGH Y

(2) FEESCHR AR A A, Al s A OO AR A S SO S EUR R E SR B S VUL ? 15455
torch.nn.Embedding ftorch.nn. Linear 5 5L 5 B Y (1) SCBE ST UK, - F IR dn ey o 455 28 () i HH 3B AT
FRABARE TH 5

(3) EMMBRMAES T, RIUEKSSHALRGEBEUNENELEZLT, BHES 5
torchvision.transforms " I ECHE G SRR, 538 QDR AR AMIEEAT T Ak B DB S A p B et 9571
28 H AR TT %

(4) BEREAR BRAT S5 A0 2R R B B A ZR A% 0, 5 TESH UL M triplet_loss bR £l SEEIL
B, IR AU AR BB SORBR SR NAE S5 i Bk N H 5%

() FEHERE R G, AfrTidd 2 A RN B8 i F P ARG 2 V5 45 B AR ARS8 417 {8 F concat
ERAEXT P 59 5 B BRSO RN T S AT Rl G, FF U B AR Tt i R e (A

(6) HE¥E R G T LA B S AT NS 8T, EH I an ] f FH 25k TR0 B 7% 2% 2 5 ik sk
PR () S ASE AT . 45 & FARARES E B torch.load 55 torch. save 75 A% 754 B 3 ) S o I

(7) EERSR RS, FHEIEE ARG L 2 1F 45 5 A 38 4 18 il recall@k 5
mean_average precisiontI HAER IR R AR, H S HOR E .

(8) {EZIAFFAERE F, BN 2R b AT LA A 8 F B, 1545 torch.nn. Dropoutfb:
Pt G T E I ZRad R X GG RFAEEAT TE A, AR RSS2 M RE PR 52
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