MckyccTBEeHHBIN MHTEJLIEKT

2022/23 y4aebHbLit TO/

H>keHepHBIA Ty

O6miag nadopMmanms

Bazaua mpesmoaraeT Co3IaHue ajrOpUTMa, CIOCOOHOIO OTBETUTH Ha BOIPOCHI K BH-
JIe0, 3aJIAHHBIE HA €CTECTBEHHOM (PYCCKOM) SA3bIKE.

AKTyaJIbHOCTDH 3a/1a4u

Permenne moio0HbIX 3387184 CIIOCOOCTBYET PA3BUTHIO TEXHOJIOTUN aBTOMATHIECKOTO aHa-
JIN3a BU3YAJBHBIX JAHHBIX. ABTOMATUIECKU aHAIN3 BU3YAJIbHBIX JAHHBIX B 3HAUNTE b
HOIl cTeleHn coKpalaeT o0beM aHasnu3a 110 CPABHEHUIO ¢ PYUYHOI 00pabOTKOM 1 cO31aeT
BO3MOXKHOCTH JIJIsT aBTOMATH3aIliN PEIeHnsT TAaKUX 3a/1a9, KaK: IMOUCK HY>KHOTO (pparMeH-
Ta BHJIEO 10 3aIpocy (HAIpuMep, Ha KaMepax BHJICOHAOJIIOJIEHNsI), IOUCK B 6a3e JaHHBIX
PasIMIHBIX BUJIEO (HAIIPUMED, KJIacCH(MUKAIS BUJIEO C ONPEIEJTeHHBIMA YIaCTHIUKAMNA)
1 TaK JaJee.

TpGGOB&HI/Iﬂ K KOMaHJd€ U1 KOMIIETECHIINAM YyYaCTHUKOB

MaxkcrnMaJsbHOE YHUCII0 Y4aCTHUKOB B KOMaH/I€ — 2. HpI/I 9TOM MBI HE€ BbLJIC/JIACEM pOHefI
" IIpejijiaracM y4daCTHHUKaM OBITD PaBHOIIpaBHLIMU ITapTHEPpaMM.

B kadecTBe pekomeHJAIMN yYaCTHUKAM IIPEJIarajoch IMPU O0O0beIMHEHUN BBIOMPATD
[IapPTHEPOB TaKUM 00pa30M, YTOOBI BMECTE OHI MOIJIM Ha BHICOKOM YPOBHE 3aKPBITH 00Ib-
IIMHCTBO HEOOXOIMMBIX KOMITETEHITHIA.

ObGopyaoBanue n IIporpaMMHOe obecredeHne

YdaacTHUKaM ObLINA ITPeJI0CTaB/IeHb HOYTOYKM: ollepaTuBHasd namMaTh — 8 ['6, xpamnu-
jmme SSD — 256 I'6, npomeccop — Intel Core i5.

[Ipenycranosiennoe 110:

e Bpayzep Chrome, Bepcus 108.0.5359.95.

e PyCharm, community edition, Bepcua 2021.3.2.

e Jupyter Notebook, u3 gucrpubyrusa Anaconda 3 2020.11.

Python 3.10.

GIT 2.34.1.

e MS Office 2016.

HonoaurebHo it 00ydeHnst Mojiesiell yIacTHUKAM ObLI MPEOCTaBIeH JIOCTYI K

cepucy ML Space, rjie oru mostygasin Bo3MozkHOCTE 00y denus mozesteit na 1 GPU Nvidia
A100 B Teuenue 20 u.



Onucanue 3aa4n

B samade Video Question Answering mosen HeOOXOMMO MTPOAHAJIM3NPOBATH KOPOT-
K¥e Bu1eobparMeHThl U IpeJICTaBIeHHbIe K HUM BOIIPOCHI IO COJIEPYKAHUIO U 3alledaT/IeH-
HBIM COOBITHSM U/UJIN JIEHCTBUSIM, 9TOOBI CTeHEPUPOBATH HAMOOJIEE TIOJIXO/ISIIIE OTBETHI
HA PYCCKOM SI3BIKE.

YuacTHuKaM ObLT IIPeIOCTaB/IeH 00y Jatonuii Habop JTAHHBIX, KOTOPBI BKJIIOYAJ B ce0st
2700+ KOpOTKHUX BUJIEO W COOTBETCTBYIOIIMX UM BOITPOCOB U OTBETOB HA PYCCKOM A3BIKE,
a TakxKe 0a30BOe pelleHne OT Pa3pabOTYMKOB € JIOKEPOM H IPUMEPOM 3arpyrKaeMoro
pereHus.

Tak KaK yIaCTHUKH HE UMEJIN JOCTYIa K IPOBEPSIONIEMY JIaTACeTy, B KAIeCTBe perrre-
HUs Ha IIaTGOPMY HYKHO OBLIO 3aIPy3UTh 00yUIeHHYIO MOJIe/Ib. Peltenns Ha mpoBepsiio-
mieit rraTdopMe 3aIyCKaIuCh B N30JIMPOBAHHOM OKPY2KeHun mpu nomoru Docker. Bpems
U PeCcypcChbl BO BpeMs TECTUPOBAHUsA OI'PAHUYEHBI.

Cucrema orneHuBaHUS

Ornenka pelreHmil MPOU3BOAMIACH aBTOMaTHIecKH Ha ocHoBaHnu mMetpuku BLEU, ko-
TOpad MO3BOJIAET CPABHUTDL STAJOHHBIN U TIpeJickazanublii TekcT. [Ipu srom BLEU onenu-
BaeT HE TOJIbKO COOTBETCTBHUE OTJECJIbHBIX CJIOB, HO W ;-I'PAMM, COJEPKAIIUXCS B TEKCTE.
Merpuka BLEU 6bL1a n3Ha4a/IbHO [IPEI0YKEHa JIJIsd OIIEHKH KavdecTBa MAIIMHHOIO Iepe-
BOJI&, OJIHAKO OHA MOXKET NPUMEHSThCA B JIIOOBIX 3a/la9ax, B KOTOPBIX HEOOXO/IMMO OIle-
HUTH OJIN30CTH JBYX TEKCTOB (IIPH 9TOM JIOIYCKasi BAPUATUBHOCTH TEKCTOB-KAH/IUJIATOB,
9YTO BAyKHO B 3a/1a9€ OIMCAHUSI BUJIEO).

[IpoBepounblit HAOOP JAHHBIX OBLT pa3je/ieH Ha 2 YACTU: IIYOJUYHYIO U IPUBATHYIO.
Pezyibrarhl yuacTHUKOB, c(hOpMUPOBAHHbIE Ha OCHOBAHHMH ITyOJTUYHON YacTU, ObLIN J10-
CTYIHBI B XOJIe Bcero copeBHoBaHus. llocite 3aBepienus npuema pereHuit Obl1 chopMu-
POBAH UTOTOBBIN PEATUHT HA OCHOBAHUU MIPUBATHON YaCTU TPOBEPOYHOrO HAOOPA JAHHDBIX.

[Tocie dopmupoBaHus UTOTOBOrO PEHTHHIA ydacTHUKAM OyJIyT HAYHCJIEHBI OAJLIbI,

paccuuTaHubie 1o popMmyJie:

Result x (RankParticipants + 1 — RankPlace) x 100

Total =
MaxResult x Participants

Y

ryie Total — mToroBbiii 6aJIT 3a peleHne 3a/1a4mn;
Result — pe3ynbrar pereHus 3a/1a4u;
RankParticipants — obIiee KOJIMY€CTBO YYaCTHUKOB B PEUTHHIE;
RankPlace — mecTo y9acTHUKA B PEATHHTE;
MaxResult — MaKCHMAaJILHBIN PE3YILTAT PENIeHUs 3a1a9l CPEIN BCEX YIACTHUKOB;
Participants — obiiee KOJIMIeCTBO YIaCTHHKOB.

YdaacTHEKaM dTala, He 3arPy3UBIIUM pEIIeHuE B CPOKHU ITPOBEJICHUST COPEBHOBAHUS,
ObL10 Hauucsaeno 0 6aJI0B.



Pettenune 3ana4n

PaccmorpuM Mojieib oTBeTa Ha BOIPOC 110 BUJIEO Ha OCHOBE apxXUTeKTypbl CLIP

PREFIX CAPTION, Bktogaiorniyio B cebss CLIP u ruGPT2small.

Yemanosxa 6ubauvuomex
yCTaHaBJII/IBaeM 6I/I6JH/IOTGKI/I, I10], KOTOprMI/I BaHyCKaGTCH JaHHOE pemeHI/Ie.

!pip install wandb

!pip install transformers

!pip install git+https://github.com/openai/CLIP.git
!'pip install nltk

Hnuvuasusdupyem modensv

import torch

import torch.nn as nn

from torch.nn import functional as nnf

from torch.utils.data import Dataset, Dataloader
from transformers import GPT2Tokenizer, GPT2LMHeadModel, AdamW,
< get_linear_schedule_with_warmup

from tqdm import tqdm, trange

import os

import pickle

import sys

import argparse

import json

from typing import Tuple, Optional, Union

from torch.cuda.amp import autocast

import clip

class MLP(nn.Module):

def __init__(self, sizes: Tuplelint, ...], bias=True, act=nn.Tanh):
super (MLP, self).__init__Q)
layers = []

for i in range(len(sizes) - 1):
layers.append(nn.Linear(sizes[i], sizes[i + 1], bias=bias))
if i < len(sizes) - 2:
layers.append(act())
self .model = nn.Sequential (*layers)

#@autocast ()
def forward(self, x: torch.Tensor) -> torch.Tensor:
return self.model(x)

def freeze(
model,
freeze_emb=False,
freeze_ln=False,
freeze_attn=True,
freeze_ff=True,
freeze_other=False,



for name, p in model.named_parameters():
# freeze all parameters except the layernorm and positional embeddings
name = name.lower ()
if 'ln' in name or 'morm' in name:
p.requires_grad = not freeze_ln
elif 'embeddings' in name:
p.requires_grad = not freeze_emb
elif 'mlp' in name:
p.requires_grad = not freeze_ff
elif 'attn' in name:
p.requires_grad
else:
p.requires_grad

not freeze_attn

not freeze_other
return model

class ClipCaptionModel (nn.Module) :
def __init__(self, prefix_length: int, prefix_size: int = 768):
super (ClipCaptionModel, self).__init__()
self .prefix_length = prefix_length

nmnn

T gpts fix, help sometimes

nnn

self.gpt =
— GPT2LMHeadModel.from_pretrained('sberbank-ai/rugpt3small_based_on_gpt2')

self .gpt_embedding_size = self.gpt.transformer.wte.weight.shape[1]
self.clip_project = MLP((prefix_size, (self.gpt_embedding_size *
— prefix_length) // 2,

self.gpt_embedding_size * prefix_length))

def get_dummy_token(self, batch_size: int, device: torch.device) -> torch.Tensor:
return torch.zeros(batch_size, self.prefix_length, dtype=torch.int64,
< device=device)

#0@autocast ()
def forward(self, tokens: torch.Tensor, prefix: torch.Tensor, mask:
< Optional[torch.Tensor] = None,

labels: Optional[torch.Tensor] = None):

embedding_text = self.gpt.transformer.wte(tokens)
prefix_projections = self.clip_project(prefix).view(-1, self.prefix_length,
— self.gpt_embedding_size)

embedding_cat = torch.cat((prefix_projections, embedding_text), dim=1)
if labels is not None:
dummy_token = self.get_dummy_token(tokens.shape[0], tokens.device)
labels = torch.cat((dummy_token, tokens), dim=1)
out = self.gpt(inputs_embeds:embedding_cat, labels=labels,
< attention_mask=mask)
return out

class ClipCaptionPrefix(ClipCaptionModel) :

def parameters(self, recurse: bool = True):
return self.clip_project.parameters()

def train(self, mode: bool = True):
super (ClipCaptionPrefix, self).train(mode)



self.gpt.eval()
return self

Muvyuaasusdupyem modeav CLIP u moxenatizep das mexcma

device = 'cuda:0'
clip_model, preprocess = clip.load("ViT-L/140336px", device=device, jit=False)
tokenizer = GPT2Tokenizer.from_pretrained('sberbank-ai/rugpt3small_based_on_gpt2')

Nuutmam3upyeM KoJi peoopadoTKu TaHHbIX, 00paboTaHHbIE JTaHHbIE COXPAHATHCH
B .pkl, 9TO MO3BOJIUT HE BBIMOJHATEH IIOBTOPHO JIOPOTOCTOSIILYIO OIEPAITUIO TPeodPa3oBa-
HUS.

import io

import os

import PIL

import random

import numpy as np

import torch

import torchvision

import transformers

import more_itertools

import numpy as np

import matplotlib.pyplot as plt

from tqdm import tqdm

import pandas as pd

from torch.utils.data import Dataset

from tqdm import tqdm

from dataclasses import dataclass, field

import torchvision.transforms as T

import torchvision.transforms.functional as TF

import cv2

from PIL import Image

import pickle

from tqdm.contrib import tzip

def image_grid(imgs, rows, cols):
pils = imgs

assert len(imgs) == rows*cols
w, h = imgs[0].size
grid = Image.new('RGB', size=(cols*w, rows*h))
grid_w, grid_h = grid.size
for i, img in enumerate(imgs):
grid.paste(img, box=(ilcols*w, i//colsx*h))
return grid
def read_video(path, transform=None, frames_num=16, window=30):
frames = []
cap = cv2.VideoCapture(path)
fps = int(cap.get(cv2.CAP_PROP_FPS))

length = int(cap.get(cv2.CAP_PROP_FRAME_COUNT))
N = length//(frames_num)

current_frame = 0



for i in range(length):
ret, frame = cap.read(current_frame)

if ret and i==current_frame and len(frames)<frames_num:
size = 196, 196
frame = Image.fromarray(cv2.cvtColor(frame, cv2.COLOR_BGR2RGB))
frame.thumbnail (size, Image.ANTIALIAS)

frames.append (frame)
current_frame += N

cap.release()
return frames

out_path = f'"Features_train.pkl"
video_path = ‘'videos'

import pandas as pd

df = pd.read_csv('ru_train_full.csv')

all_embeddings = []
all_captions = []
i=0
for video_name, question, answer in tzip(df.video_name, df .question, df .answer):
name = f'{video_path}/{video_name}.mp4'
text = f'Bompoc: {question} 7 OrBer: {answer}.'
# obpamume GHUMGHUE, MO C 3MOU “ACMbI CMOUM NOSKCNPEMEHKMUDOE8ams
if os.path.exists(name):
video = read_video(path = name, frames_num=4)
if len(video)>1:
image = image_grid(video,2,2) # moxro nonpobosams menswe/6onbuwe kadpoe

image = preprocess(image) .unsqueeze(0) .to(device)
with torch.no_grad():

prefix = clip_model.encode_image (image) .cpu()
all_embeddings.append(prefix)
all_captions.append(text)

with open(out_path, 'wb') as f:
pickle.dump({"clip_embedding": torch.cat(all_embeddings, dim=0), "captions":
< all_captions}, f)

print('Done')
print("%0d embeddings saved " 7 len(all_embeddings))

OmmieMm KJjacce JaTacera, OH Hacjeayercs u3 torch.dataset.

class ClipCocoDataset(Dataset):
def __init__(self, data_path: str, prefix_length= 50, gpt2_type =
— 'sberbank-ai/rugpt3small_based_on_gpt2',
normalize_prefix=False):
self.tokenizer = GPT2Tokenizer.from_pretrained(gpt2_type)
self .prefix_length = prefix_length
self .normalize_prefix = normalize_prefix
with open(data_path, 'rb') as f:
all_data = pickle.load(f)
print("Data size is %0d" % len(all_datal["clip_embedding"]))
sys.stdout.flush()
self .prefixes = all_data["clip_embedding"]
captions_raw = all_data["captions"]



self.captions = captions_raw

self.captions_tokens = []
self.caption2embedding =
max_seq_len = 0
i=0
for caption in tqdm(captions_raw):
self.captions_tokens.append(torch.tensor(self.tokenizer.encode(caption),
— dtype=torch.int64))
self.caption2embedding.append(self.prefixes[i])
i+=1
max_seq_len = max(max_seq_len, self.captions_tokens[-1].shape[0])

(]

all_len = torch.tensor([len(self.captions_tokens[i]) for i in

— range(len(self))]).float()

self .max_seq_len = min(int(all_len.mean() + all_len.std() * 10),
— int(all_len.max()))

def pad_tokens(self, item: int):
tokens = self.captions_tokens[item]
padding = self .max_seq_len - tokens.shape[0]
if padding > O:
tokens = torch.cat((tokens, torch.zeros(padding, dtype=torch.int64) - 1))
self.captions_tokens[item] = tokens
elif padding < O:
tokens = tokens[:self.max_seq_len]
self.captions_tokens[item] = tokens
mask = tokens.ge(0) # mask is zero where we out of sequence
tokens[“mask] = 0
mask = mask.float()
mask = torch.cat((torch.ones(self.prefix_length), mask), dim=0) # adding
— prefixz mask
return tokens, mask

def len__(self) -> int:

return len(self.captions_tokens)

def __getitem__(self, item):
tokens, mask = self.pad_tokens(item)
prefix = self.prefixes[item]
if self.normalize_prefix:
prefix = prefix.float()
prefix = prefix / prefix.norm(2, -1)
return tokens, mask, prefix

Onuwem pyHruuro obyuerus

import torch

import torch.nn as nn

from torch.nn import functional as nnf

from torch.utils.data import Dataset, Dataloader
from transformers import GPT2Tokenizer, GPT2LMHeadModel, AdamW,
< get_linear_schedule_with_warmup

from tqdm import tqdm

import os

import pickle

import sys

import argparse

import json



from typing import Tuple, Optional, Union
from torch.cuda.amp import autocast

# Hmnopmupyem Heobxrolumeie bubauomekru

import wandb

wandb.login()

wandb.init(project="clip_caption_video", entity="alexwortega')

# Hauunaem onpedeaame PYynkyuw obyuerus modeau
def train(dataset: ClipCocoDataset, model: ClipCaptionModel, args,
warmup_steps: int = 2000, output_dir: str = ".", output_prefix: str = ""):

device =torch.device('cuda:0') # Onpedeasem ycmpolcmeo, Ha komopom 6ydem obyuams
< MoOenb

batch_size = args.bs # 3adaem pasmep narkema
epochs = args.epochs # 3adaem kKoauuwecmso sno0x

if not os.path.exists(output_dir):
os.makedirs(output_dir) # Cosdaem nanky 0as coTpareHrus Modenu

model = freeze(model) # 3Bamopaxueaem caou modeau
model = model.to(device) # Ilepenocum modesb Ha ycmpolcmeo

model.train() # Onpedeasem, umo modenb HazTOOUMCA 6 pexume 06YyweHus
optimizer = AdamW(model.parameters(), lr=args.lr) # Hcnoassyem onmumuzamop Adami
— 0aa obyueHus moloenu

train_dataloader = Dataloader(dataset, batch_size=batch_size, shuffle=True,
< drop_last=True) # Bazpyxaem danusie 6 DatalLoader

scheduler = get_linear_schedule_with_warmup(
optimizer, num_warmup_steps=warmup_steps, num_training_steps=epochs *
< len(train_dataloader)

) # Cosdaem pacnucanue ckopocmu 06Yy4enHus C NPozpesoM

for epoch in range(epochs):

print(£">>> Training epoch {epoch}")

sys.stdout.flush()

progress = tqdm(total=len(train_dataloader), desc=output_prefix) # Omobpakaem

< nosaocy npozpecca

step=0

for idx, (tokens, mask, prefix) in enumerate(train_dataloader):
model.zero_grad() # O6hyasem zpaduermsl
step+=1

tokens, mask, prefix = tokens.to(device), mask.to(device),
— prefix.to(device, dtype=torch.float32) # Ilepenocum OarHble Ha
— ycmpolicmeo

outputs = model(tokens, prefix, mask) # [Toayuwaem ebixod mModenu

logits = outputs.logits[:, dataset.prefix_length - 1: -1] # Ombpacsicaen
< AUWARUE OaHKHble

loss = nnf.cross_entropy(logits.reshape(-1, logits.shape[-1]),
< tokens.flatten(), ignore_index=0) # Buuucasem gynkyul nomeps

loss.backward() # Pacnpocmpansem zpaduexwmst 0bpamuo no mModeau
optimizer.step() # O6rosasem napamempst modenru



scheduler.step()

optimizer.zero_grad() # Ob6ryasem 2paduenmst OnMUMU3amopa
progress.set_postfix({"loss": loss.item()}) # Omobparaem sHauwernue PYHKYUU
< nomepb 8 noaoce npozpecca

wandb.log({"loss": 1loss.item()}) # Jlozupyem snauwenue GyrKyuu nomepe &
—  WandB
progress.update() # Obroeasem nosocy npozpecca

if (idx + 1) % 7000 ==
torch.save(
model.state_dict(),
os.path. join(output_dir, f"{output_prefix}_latest.pt"),
) # Coxzpansem modens

progress.close() # Bakpsieaem nosocy npozpecca
if epoch 7, args.save_every ==0:
torch.save(
model.state_dict(),
os.path. join(output_dir, f"{output_prefix}-{epoch:03d}.pt"),
) # Cozpansem modeab Ha kamkdol snoxre, 3adanHHOU & apzyMeHmaz

return model # Bosepayaem obyuwernnyw modeas
# OnpedenseM KAGCC OAf TPAHEHUS GP2YMEHMO8 KOMAHKOKOU CMpPOKU
class Args():
def __init__(self):
self .backbone = 'sberbank-ai/rugpt3small_based_on_gpt2'

self.data = 'Features_train.pkl'
self.out_dir = 'checkpoints'
self .prefix = 'prefix_small'

self.epochs = 2
self.save_every = 1

self .prefix_length = 50
self.bs =1
self.only_prefix = False
self.1lr = 2e-5

# Onpedensem Pynrkyuw main 0as 3anycka obyueHnusa modenu
def main():
args = Args() # Cosdaem obsexkm kaacca ATgs u 3a0aeM 3HAYEHUS GP2YMEHMOS

wandb.config = {
"learning_rate": args.lr,
"epochs": args.epochs,
"batch_size": args.bs
} # Jlozupyem apzymenmst e WandB
prefix_length = args.prefix_length # 3adaem Oauny npegpurca
dataset = ClipCocoDataset(args.data, prefix_length) # Cozdaem damacem

model = ClipCaptionModel(prefix_length) # Cosdaem modens

print("Train both prefix and GPT")
sys.stdout.flush()

train(dataset, model, args, output_dir=args.out_dir, output_prefix=args.prefix) #
— Obyvwaem modens



MatepuaJibl A1 IIOATOTOBKH

B xome 1-ro srama jurd y9acTHUKOB OBLI IIPOBEJIEH OHJIAWH-UHTEHCUB, KOTOPBII MO3-
BOJIJI B KOPOTKHE CPOKH IOTPY3UTHCA B T€MY HCKYCCTBEHHOI'O HWHTEJIJIEKTA M Pa3BUTH
HeoOXo/InMble 6a30Bble HABBIKU I y4acTHd B COpeBHOBaHMAX. OT/ENBbHO BbIJIEISINCH
TeMBI, CBSI3aHHbIE C KOMIILIOTEPHBIM 3pEHIEM 1 00pabOTKOil ecTecTBEHHOrO s3bIkKa. Mare-
pHUaJIbl UHTEHCHBA, OBLIIN JOCTYIHBI YYaCTHUKAM Ha IIPOTSKEHNN BCEI'O COPEBHOBAHUS 110
ccpuike: https://stepik.org/course/124175.


https://stepik.org/course/124175
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