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Hcnoab3oBanue 6mdanorexn flow matching past peanuzanmum ajaropurmon
COMOCTABJIEHHUSI IOTOKOB

Anuwkosa Anacmacus Cepeeesna
TIpuamypckuii cocyoapcmeennwiii ynueepcumem umernu Lllonom-Anetixema
Cmyoenm

AHHOTALIUA

[{enb cTaThyl — IOKA3aTh MpakTHUYecKoe nmpuMeHenune ouommoreku flow _matching
JUTSL pEIISHUS 3aJ1ad COIOCTABJICHUS TIOTOKOB, HAYMHAS C TOJTOTOBKU JIAHHBIX W
3aKaHYMBas BU3YyaIH3alliel pe3yabTaTOB padoTh Mojenn. PaboTa BBITONHSIIACH B
obmaunoit cpene Google Colab ¢ ucnonp3oBanmem s3pika Python, uto obGecreunsio
yI0OCTBO M THOKOCTH B IPOBEACHHH 3KcmepuMentoB. Flow matching — »sto
MOIIIHBI MHCTPYMEHT JJIsS MCCIEAOBAaTCIIeH M pa3pabOTUYMKOB, pabOTAIONIMX B
00JIacTU MAIIMHHOTO OOYy4YeHHMS M TJIyOOKOro OOydeHHs, OCOOCHHO B 3ajiauax,
CBSI3aHHBIX C FeHepalell JaHHBIX ¥ MOJICIMPOBAHUEM CJIOXKHBIX paclpe/IeIcHUN.
Pe3yapTaT MOXKeT OBITh MPUMEHEH B ITMPOKOM CICKTPE 3a7ad — OT I'CHEpaIllHH
JAHHBIX ¥ ONTHUMU3AIMHK O HAyYHBIX HUCCIICIOBAHUA U 00pabOTKH €CTECTBEHHOIO
s3pika. E€ tubkocth u wuHTerpamuss ¢ PyTorch nemairor e€ ymoOHOM st
HKCIICPUMEHTOB U BHEJIPCHUS B pEaIbHBIC IIPOCKTHI.

KiroueBble ciaoBa: Google Colab, flow_matching, peammsanust airopuTmos,
COIIOCTABJICHUS IIOTOKOB.
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Abstract

The purpose of the article is to show the practical application of the flow_matching
library for solving flow matching tasks, starting with data preparation and ending
with visualization of the results of the model. The work was performed in the Google
Colab cloud environment using Python, which provided convenience and flexibility
in conducting experiments. Flow_matching is a powerful tool for researchers and
developers working in the field of machine learning and deep learning, especially in
tasks related to data generation and modeling of complex distributions. The result
can be applied in a wide range of tasks, from data generation and optimization to
scientific research and natural language processing. Its flexibility and integration
with PyTorch make it convenient for experimentation and implementation in real
projects.

Keywords: Google Colab, flow_matching, implementation of algorithms, flow
matching.
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1 BBenenne

1.1 AKTyaJIbHOCTH

CorocraBiieHHEe TIOTOKOB JaHHBIX SBIIACTCS BAKHOM 3a7a4ucii B COBPEMEHHBIX
NPUIOKEHHUSX, TaKUX KaKk aHajJH3 BPEMEHHBIX pPsJIOB, 00pabOTKa COOBITHH,
MOHHMTOPDHHI CHCTeM H jpyrue. bubauoreka flow matching npemocrasmiser
UHCTPYMEHTHI /11 3P PEKTUBHOTO PELICHUS TAKKX 3aj1a4, 4To JejaaeT e u3yueHue
Y IPUMEHECHUE aKTyaJIbHBIM IS HCCIIEA0BATENCH U pa3paboTIYNKOB.

1.2 O630p ucciaenoBanmi

C. Nmambu, K. b. Ilpakam, I'.P. Kanaraummambapecan paccMoTpen
KIIIOYEBbIE MOMEHTHI OMOMMoTeka Juia mporpamMMm Ha Python, xoTopast ympoimaer
paboTy c mporpamMMamu sl TiyOOkoro oOydeHus [1], mpakTUYeCKUE aCHEKThl
BHEJIPEHUSI PEIICHUH Ha OCHOBE TIIyOOKOro oOyueHuss ¢ nomompto PyTorch,
UCIIOJIb3YsI MPAKTUYECKUN MOAX0/l K MOHUMAaHUIO TeOpuu U npakTtuku M3yunn H.
Ketkap [2], O. C. HoBak mnpencTaBiuil aHadu3 BaXKHBIX aCIIEKTOB, BO3HUKAIOIINX
npu pa3paboTKe MNPUIOKEHUM Ha OCHOBE HEHpoHHBIX cered [3], Habop
UHCTPYMEHTOB C OTKpPBITBIM MCXOJHBIM KOJOM moJ Ha3BanueM MMRotate,
KOTOpBI 00ECIEeYUBAET COIJIACOBAHHYIO CTPYKTYpy @JIrOpUTMOB OOyuY€HUs,
BbIBOJIa U OLIEHKH Ul MOMYJSIPHOTO aIropuTMa OOHApYKEHHs BpalIarOIIMXCS
00BEKTOB, OCHOBAHHOT'O Ha riIy0okoMm oOyudenuu npencrasmi W. Wxoy [4], FOanb
Jlxeil mpoaHanu3upoBan 3(PPEKTUBHOCTh 3a7a4 pPaCIO3HABaHUS M300paKEHUU C
TIOMOIIIBIO AJITOPUTMOB IITyOOKOTO 00y4eHust Ha ocHoBe PyTorch [5].

1.3 ean ucciaegoBanus

Llenp cTaThbu — TMOKa3aTh MPAKTHYSCKOEC MPUMEHEHHE OHMOIMOTEKH
flow_matching mns pemieHuss 3amgad  CONMOCTABIICHUS TIOTOKOB, HayuHAs C
MOJITOTOBKY JAHHBIX U 3aKaHUMBAas BU3yaU3allueil pe3ybTaToB pabOTHl MOJICIIH.

2 MarepuaJjibl U METO/bI
B manmHom wmcciaemoBanue wucmonb3yercs cpega Google Colab u s3Ik
nporpammupoBanus Python.

3 Pe3yJbTaThl
YcraHoBuM  OuOJIMOTEKH, HeoOXxoaumbie st pabotel ¢ PyTorch,
BU3yaJIM3allMeil JaHHBIX U aJITOPUTMaMHU COTIOCTaBJIEHUs TOTOKOB (puc.1).
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7 @ !pip install torch torchvision matplotlib flow_matching

S~ Requirement already satisfied: torch in fusr/local/lib/pythons.11/dist-packages (2.5.1+cul2l)
rRequirement already satisfied: torchvision in Jusr/local/lib/python3.11/dist-packages (8.28.1+cul
rRequirement already satisfied: matplotlib in fusr/local/lib/pythonz.11/dist-packages (3.10.8)
rRequirement already satisfied: flow _matching im fusr/local/lib/python3.11/dist-packages (1.8.18)
rRequirement already satisfied: filelock in fusr/local/lib/pythen3.11/dist-packages (from torch) (:
rRequirement already satisfied: typing-extensions»=4.8.@ in fusr/local/lib/python3.11/dist-package
rRequirement already satisfied: networkx in fusr/local/lib/pythen3.11/dist-packages (from torch) (:
rRequirement already satisfied: jinjaz in fusr/local/lib/python2.11/dist-packages (from torch) (3.
rRequirement already satisfied: fsspec inm fusr/local/lib/pythonz.11l/dist-packages (from torch) (28
rRequirement already satisfied: nvidia-cuda-nvrtc-cul2==12.1.185 in fusr/local/lib/python3.11/dist
rRequirement already satisfied: nvidia-cuda-runtime-cul2==12.1.185 in fusr/local/lib/python3.11/di
rRequirement already satisfied: nvidia-cuda-cupti-cul2==12.1.185 in fusr/local/lib/python3.11/dist
Requirement already sati vidia-cudnn-cul2==9.1.8.78 in fusr/local/lib/python3.11/dist-pack
rRequirement already satisfied: nvidia-cublas-cul2==12.1.3.1 in Jusr/lecal/lib/pythen3.11/dist-pac
rRequirement already satisfied: nvidia-cufft-cul2==11.8.2.54 in Jfusr/lecal/lib/pythen3.11/dist-pac
rRequirement already satisfied: nvidia-curand-cul2==18.3.2.186 in Jusr/local/lib/python3.11/dist-p
rRequirement already satisfied: nvidia-cusolver-cul2==11.4.5.187 in fusr/local/lib/python3.11/dist

Pucynok 1. YcranoBka 0ubnamoreku
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NmMnoptupyeM HeoOXoauMble OMOJIMOTEKH U MOAYJU Juisl paboTsl ¢ PyTorch
U BU3yanm3aiuei maHHeix (puc.2): torch (ocHoBHas OuOJMOTEKa aiss pabOTHI €
TEH30paMH U HEWPOHHBIMHU ceTssMu), torch.nn (Moaysb /Ui CO3/MaHUsT HEHPOHHBIX
ceTel, BKJIOYas ciiom W (GYHKIMK akTuBammu), torch.optim (momymp uis
ONTHUMH3ALIUU MOJIeNel, Hampumep, ¢ wucnonb3zoBanueM SGD wmm Adam),
DatalLoader u TensorDataset (uHCTpyMeHTBI A y100HOW pabOTHI C JaHHBIMH,
TaKue Kak 3arpyska, oaruu u urepanus), a takke matplotlib.pyplot (6ubanoreka
JUTSL BU3YAIM3alluU JJAHHBIX, BKIIIOYAsl IOCTPOCHUE IPaUKOB U TUATPAMM ).

v (O import torch

s import torch.nm as nﬂ
import torch.optim as optim
from torch.utils.data import Dataloader, TenscrDataset
import matplotlib.pyplot as plt

Pucynok 2. Umnopt 6ubnunorex

CrenepupyeM CHHTETUYECKUE JTAHHBIC M MOJATOTOBUM WX JJISI UTEPATUBHOMN
00paboTKH B mipoiiecce o0ydeHus mojienu (puc.3).

< (’ # FEHEPAUMA CHHTETHMECKHX OaMHBIX
o num_samples = laae
data_dim = 2
X = torch.randn{num_samples, data_dim) # MNpumep OQ3HHEX W3 HOPMAaNLHOro pacnpegeneHwa

# Cosganwe DataLoader
dataset = TensorDataset(X)
dataloader = DataLoader(dataset, batch_size=32, shuffle=True)

Pucynok 3. [ToaroroBka qaHHbIX

OnpenenuM apXuTEKTypy HEUPOHHOM CETH, co3/aBasg €€ SDK3EMIUIIp U
HACTpauBaeT ONTUMM3ATOP Uil 00yueHus (puc.4).
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/ ° & ONpenensHne moaenn
o class Simplerlomodel(nn.Mmodule):
def __init__(self, input_dim):
super(SimplerlowModel, self)._ init
self.net = nn.Sequential(
nn.Linear(input_dim, 128),

nn.ReLU(),
nn.Linear(128, 128),
nn.ReLU(),

nn.Linear(128, input_dim

def forward(self, x, t):
return self.net(x

& MHAUMAANSAUAR MOSEAN W ONTHAM3SATOPA
model = SimplerlowModel(input_dimsdata_dim
optimizer = optim.Adam(model.parameters(), 1rsle-3

PucyHok 4. ApxuTekTypa HEUpOHHOU CeTH

Boeruucium notepro st Flow Matching, cpaBHMBast ipeicka3anusi MOJIETH C
1EJIeBBIMU 3HAUYCHUAMHU (pHUC.S), KOTOPBIE MPEJICTABISIOT PA3HOCTh MEXKIY IIIYMOM
Y UCXOJIHBIMH JIAaHHBIMHU.

{ © odef r".:.»,_ma?:rlﬂg_'.:i—:-‘.,ncael, X):
can # Chy4annoe spema t
t = torch.rand{x.shape[@], 1, devicesx.device)

# Wym Ana RolaBneHns K RarHoM
neise = torch.randn_like(x)

# NPpOMEXYTONHDIE AaHHue

XxXt=(1-t) *x+t * noise

# NPEACK33aHNE MORENN
pred = model(x t, t)

# UeNes0e 3HaYeHWE (PE3HOCTE MEXAY WYMOM W OaHHsIMA)
target = noise - x

# NoTeps (MSE mexay NPEACKA3aHWEeM W USNEBoiMm 3HAYSHAEM)
loss = torch.mean((pred - target) ** 2)

return loss

Pucynok 5. CpaBHuBaHKE TIpEICKa3aHUI

OO0yuuM Mojenb, OOHOBIISIA €€ TapaMeTpbl Ha KaKJIoM Oarde JaHHBIX, U
BBIBE/IEM 3HAUCHHE MOTEPh MOCIE KaXA0u 3110xu (puc.6).
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7 @ # obyuenwe monenw
B num_epochs = 188
for -epoch- in-range(num_epochs):
- «for- batch- in- dataloader:
X-=-batch[e]
--loss = -Flow_matching_loss(model, x)

# ONTHMA3aUMa
optimizer.zero_grad()
loss.backward()
optimizer.step()

print(f“Epoch-[{epoch+1}/{num_epochs}], Loss: - {loss.item():.af}")

- Epoch [43/188], Loss: 1.8835
—  Epoch [44/188], LoSs: 1.837%
Epoch [45/188], Loss: 1.4778
Epoch [46/188], Loss: 1.4775
Epoch [47/188], LoSS: 2.5912
Epoch [48/1e@], Loss: 3.2733
Epoch [49/188], LosS: 1.3477
Epoch [58/18@], Loss: 2.5213
Epoch [51/188], Loss: 1.3915
Epoch [52/188], Loss: 2.8828
Epoch [53/188], Loss: 1.2428
Epoch [54/188], Loss: 2.4722
Epoch [55/188], Loss: 2.3995
Epoch [56/188], LoSS: 3.8264
Epoch [57/188], LoSS: 2.2299
Epoch [58/188], Loss: 1.9432
Epoch [59/188], Loss: 1.3892
Epoch [&e8/188], LoSS: 2.43%96
Epoch [&1/18@], Loss: 1.87%92
Epoch [62/188], Loss: 2.2187
Epoch [63/18@], Loss: 1l.8462
Epoch [&4/188], LoSS: 1.2995
Epoch [65/188], Loss: 2.%17@
Epoch [66/188], Loss: 2.4788
Epoch [&67/188], LoSS: 1.5582
Epoch [&68/188], LoSS: 2.5547
Epoch [&69/188], LosSS: 1.4797
Epoch [7e/188], Loss: 2.8633
Epoch [71/188], Loss: 1.389%9
Epoch [72/18@], Loss: 1.6883
Epoch [73/188], LoSS: 3.1549
Epoch [74/188], Loss: 3.422@
Epoch [75/188], Loss: 2.4747
Epoch [7&/188], Loss: @.9352
Epoch [77/188], Loss: 2.3441
Epoch [78/188], Loss: 2.3837
Epoch [79/188], Loss: 1.3812
Epoch [8e/188], Loss: 1.2238
Epoch [81/188], Loss: 2.3487

Pucynoxk 6. O0y4yeHnue moaenu

CoznanuM HavalbHbIE TOUKH (pUC7), TEHEPUPYS CllydyallHble 3HAUEHUS Z U3
HOPMAaJIbHOTO pacIpeIeIeHUs, 3aTeM IIPOIyCKaeT UX uepe3 00yUeHHYI0 MoJIeib Oe3
BBIUUCIICHUS TpaaueHToB (¢ wcmosb3oBanuem torch.no_grad()) u BosBpamaer
Cr€HEpUPOBAaHHBIC TaHHbIE.



[Toctymat. 2025. Nel ISSN 2414-4487
O adef

i
i

nerate_samples(model, num_samples, data_dim):
HEYANbHNE TOYKH W3 NPOCTOro pPacnNpeleneHMA (HanpWmep, rayccoso)

= torch.randn(num_samples, data_dim)

4 % oma
m

# NpoXo4 4Yepes MoAeNb
with torch.no_grad():
generated_data = model(z, torch.ones(num_samples, 1))

return generated_data

# MEHEPAUAA AAHHBX
num_generated_samples = 188
generated_data = generate_samples(model, num_generated_samples, data_dim)

Pucynoxk 7. I'enepanuio TaHHBIX C TOMOIIBIO OOYYEHHOU MOJICIIH

OtoOpasumM scatter-rpaduk I BH3yaln3allid CTCHCPHPOBAHHBIX JIAHHBIX
(puc.8).

* (: # BM3YaNM3aUMA - CreHEePUROBaHHBX - A3 HHBX
Ck. plt.scatter{generated_data[:, -@], generated_data[:, 1])
plt.title("Generated:-Data"™}

plt.show()
el
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Pucynok 8. I'paduk
bubaunorpagpuyeckuii cnucox
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