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Opis

PyTorch je python knjiznica namijenjena razvoju aplikacija temeljenih na dubokom ucenju koja se oslanja na ubrzanje grafickim procesorima. Glavne
prednosti koje PyTorch knjiZznica pruza su imperativni pristup programiranju na "python" nacin, kroz sucelje koje omogucuije lak$e otkrivanje greSaka i koje
je prilagodeno postojec¢im python znanstvenim knjiznicama.

Verzije
verzija modul python Supek Padobran
1.8.0 scientific/pytorch/1.8.0-ngc 3.8

1.14.0 scientific/pytorch/1.14.0-ngc = 3.8

2.0.0 scientific/pytorch/2.0.0 3.10

Qdd0Q

scientific/pytorch/2.0.0-ngc  3.10

1. Koristenje aplikacije na Supeku
Python aplikacije i knjiznice na Supeku su dostavljene u obliku kontejnera i zahtijevaju koriStenje wrappera kao $to je opisano ispod.
Vise informacija o python aplikacijama i kontejnerima na Supeku mozete dobiti na slijede¢im poveznicama:

® Python, pip i conda
® Apptainer

Dokumentacija

Sluzbena stranica - https://pytorch.org/
Priruénik - https://pytorch.org/docs/stable/index.html
distributed - https://pytorch.org/docs/stable/distributed.html
torchrun
O API - https://pytorch.org/docs/stable/elastic/run.html
O primjeri - https://pytorch.org/tutorials/intermediate/dist_tuto.html
® accelerate
O API - https://huggingface.co/docs/accelerate/index
O primjeri - https://huggingface.co/docs/accelerate/usage_guides/training_zoo

Supek


https://upload.wikimedia.org/wikipedia/commons/thumb/c/c6/PyTorch_logo_black.svg/2560px-PyTorch_logo_black.svg.png
https://pytorch.org/
https://en.wikipedia.org/wiki/Deep_learning#Deep_neural_networks
https://wiki.srce.hr/display/NR/Arhitektura+Supeka#ArhitekturaSupeka-GPUradniposlu%C5%BEitelj
https://arxiv.org/pdf/1912.01703.pdf
https://pytorch.org/
https://pytorch.org/docs/stable/index.html
https://pytorch.org/docs/stable/distributed.html
https://pytorch.org/docs/stable/elastic/run.html
https://pytorch.org/tutorials/intermediate/dist_tuto.html
https://huggingface.co/docs/accelerate/index
https://huggingface.co/docs/accelerate/usage_guides/training_zoo
https://wiki.srce.hr/x/BoWNBw
https://wiki.srce.hr/x/MALABw

Ispod se nalaze primjeri pozivanja naredbi i aplikacija unutar kontejnera i aplikacija umjetnog benchmarka koji testira performanse na modelu Resnet50.

Pozivanje naredbi unutar kontejnera

test.sh

[ kori sni k@3000c0s25b0n0] $ nodul e |1 oad scientific/pytorch/1.14.0-ngc
[ kori sni k@3000c0s25b0n0] $ run-conmmand. sh pip3 |ist
I NFO underlay of /etc/localtime required nore than 50 (95) bind nmounts
I NFO underlay of /usr/bin/nvidia-sm required nore than 50 (474) bind nounts
13:4: not a valid test operator: (
13:4: not a valid test operator: 510.47.03
Package Ver si on

absl - py 1
accel erate 0
apex 0
appdirs 1.
argon2-cffi 2
argon2-cffi-bindi ngs 2
astt okens 2

lzvrSavanje PyTorch koda na jednom grafickom procesoru


https://pytorch.org/vision/main/models/generated/torchvision.models.resnet50.html

singlegpu.py

# source
# - https://github. com horovod/ hor ovod/ bl ob/ mast er/ exanpl es/ pyt or ch/ pyt or ch_synt heti c_benchmar k. py

i nport os
import tine

inport torch
import torch.nn as nn
import torch.optimas optim

fromtorch.utils.data inport Dataloader

fromtorchvision. nodel s inport resnet50
fromtorchvision.datasets inport FakeData
fromtorchvision.transforns inport ToTensor

def main():

# vars

batch = 256
sanpl es = 256*100
epochs =1

# nodel

nmodel = resnet 50( wei ght s=None)

nodel . cuda()

optimzer = optim SE( nodel . paraneters(), |r=0.001)
loss_fn = nn. CrossEntropylLoss()

# data
dat aset = FakeDat a(sanpl es,
num cl asses=1000,
transformrToTensor ())
| oader = Dat aLoader (dat aset,
bat ch_si ze=bat ch,
shuf f | e=Fal se,
num wor ker s=1,
pi n_menor y=Tr ue)

# train
for epoch in range(epochs):
start = time.tinme()
for batch, (inmges, |abels) in enunerate(loader):
i mges = inmages. cuda()
| abel s = | abel s. cuda()
out puts = nodel (i nages)
classes = torch. argnax(out puts, dinrl)
loss = loss_fn(outputs, |abels)
optim zer.zero_grad()
| oss. backwar d()
optim zer.step()
if (batch%d0 == 0):
print('--- Epoch %, Batch 98i / 9%i, Loss = 9%9.2f ---' % (epoch,
bat ch,
I en(l oader),
loss.iten()))
elapsed = tinme.tine()-start
i ngsec = sanpl es/ el apsed
print('--- Epoch % finished: 9%.2f inmg/sec ---' % (epoch,
i mgsec))

if __nane == "__main__

mai n()



singlegpu.sh
#1 / bi n/ bash

#PBS -q gpu
#PBS -1 ngpus=1

# pozovi nodul
nodul e | oad scientific/pytorch/2.0.0-ngc

# pomakni se u direktorij gdje se nalazi skripta
cd ${PBS_O WORKDI R -""}

# potjeraj skriptu kori$Stenjemrun-singl egpu. sh
run-si ngl egpu. sh si ngl egpu. py

torchrun/distributed

1 Torchrun & distributed

Koristenje wrappera t or chun-*. shiili di stri but ed- *. sh je zamjenjivo u slu¢aju da je pytorch kod distribuiran t or ch. di st ri but ed
modulom.

Aplikacija na viSe grafi¢kih procesora i jednom &voru

multigpu-singlenode.py

# source
# - https://pytorch.org/tutorials/intermediate/dist_tuto.htnl
# - https://pytorch.org/vision/ main/generated/torchvision. datasets. FakeDat a. ht m
# - https://tuni-itc.github.io/w ki/Technical - Notes/Distributed_dataparallel_pytorch/#setting-up-the-sane-nodel -
wi t h-di stri but eddat aparall el

inport time

import torch

inport torch.nn as nn

import torch.optimas optim
inport torch.distributed as dist

fromtorch.utils.data inport Dataloader
fromtorch.utils.data.distributed inport DistributedSanpler
fromtorch.nn.parallel inport DistributedDataParallel as DDP

from torchvision. nodel s inport resnet50
fromtorchvision.datasets inport FakeData
fromtorchvision.transforns i nport ToTensor

def nmain():

# vars

batch = 256
sanpl es = 25600
epochs = 3

#init
dist.init_process_group("nccl")
rank = dist.get_rank()

ngpus = torch. cuda. devi ce_count ()

# nodel

nodel = resnet 50( wei ght s=None)

nodel = nodel . t o(rank)

nodel = DDP(npdel, device_ids=[rank])



optim zer = opti m SG( nodel . paraneters(), |r=0.001)
loss_fn = nn. CrossEntropylLoss()

# data
dat aset = FakeDat a( sanpl es,
num cl asses=1000,
transformeToTensor ())
sanpl er = DistributedSanpl er (dat aset)
| oader = Dat alLoader (dat aset,
bat ch_si ze=bat ch// ngpus,
sanpl er =sanpl er,
shuf f | e=Fal se,
num wor ker s=2,
pi n_menor y=Tr ue, )

# train
for epoch in range(epochs):
start = tinme.tinme()
for batch, (inmages, |abels) in enunerate(loader):
i mges = i mages. to(rank)
| abel s = | abel s. to(rank)
out puts = nodel (i nages)
cl asses = torch. argmax(out puts, di mel)
loss = loss_fn(outputs, |abels)
optim zer.zero_grad()
| oss. backwar d()
optim zer.step()
if (rank == 0) and (batch%d0 == 0):

print('epoch: 98d, batch: 9%8d, |oss: 99.4f' % (epoch+1,

if (rank == 0):
elapsed = time.time()-start
i my_sec = sanpl es/ el apsed
print(' Epoch conplete in % seconds [% ing/sec]

# cl ean
di st. destroy_process_group()

if __nane == "__main__

nmai n()

multigpu-singlenode.sh

#!'/ bi n/ bash
#PBS -q gpu
#PBS -1 ngpus=4
#PBS -1 ncpus=16

# pozovi nodul
nmodul e | oad scientific/pytorch/1.14.0-ngc

# pomakni se u direktorij gdje se nalazi skripta
cd ${PBS_O WORKDI R -""}

# potjeraj skriptu koriStenjemtorchrun-singl enode. sh
torchrun-singl enode. sh nul ti gpu-si ngl enode. py
Aplikacija na viSe grafickih procesora i vise évorova

multigpu-multinode.py

# source
# - https://pytorch.org/tutorials/internediate/dist_tuto.htm
#

bat ch,
loss.iten()))

' % (el apsed, ing_sec))

- https://pytorch.org/vision/nain/generated/torchvision. datasets. FakeDat a. ht m



# - https://tuni-itc.github.io/w ki/Technical -Notes/Distributed_dataparallel_pytorch/#setting-up-the-sane-nodel -
wi t h-di stribut eddat aparal | el

i mport os
import tine

import torch

import torch.nn as nn

inport torch.optimas optim
import torch.distributed as dist

fromtorch.utils.data inport Dataloader
fromtorch.utils.data.distributed inport DistributedSanpler
fromtorch.nn.parallel inport DistributedDataParallel as DDP

fromtorchvision. nodel s inport resnet50
from torchvision.datasets inport FakeData
fromtorchvision.transforns i nport ToTensor

def main():

# vars

batch = 256
sanpl es = 256*100
epochs = 3

#init
dist.init_process_group("nccl")

rank = int(os.environ[' LOCAL_RANK' ])
gl obal _rank = int(os.environ[' RANK' ])

# nodel
nodel = resnet 50( wei ght s=None)
nodel = nodel . to(rank)

nodel = DDP(npdel, device_ids=[rank])
optim zer = opti m SG( nodel . paraneters(), |r=0.001)
loss_fn = nn. CrossEntropylLoss()

# data
dat aset = FakeDat a( sanpl es,
num cl asses=1000,
transfor meToTensor ())
sanpl er = DistributedSanpl er (dat aset)
| oader = Dat aLoader (dat aset,
bat ch_si ze=bat ch,
sanpl er =sanpl er,
shuf f | e=Fal se,
num wor ker s=1,
pi n_nmenor y=Tr ue, )

# train
for epoch in range(epochs):
start = tinme.tinme()
for batch, (inmages, |abels) in enunerate(loader):
i mges = i mages. to(rank)
| abel s = | abel s. to(rank)
out puts = nodel (i nages)
cl asses = torch. argmax(out puts, di mel)
loss = loss_fn(outputs, |abels)
optim zer.zero_grad()
| oss. backwar d()
optim zer.step()

if (global _rank == 0) and (batch%d0 == 0):
print('epoch: 98d, batch: %8d/%3d, |oss: 9%.4f"' % (epoch+l,
bat ch,
I en(1 oader),
loss.iten()))
if (global_rank == 0):

elapsed = tinme.tine()-start
i my_sec = sanpl es/ el apsed
print(' Epoch conplete in 9%9.2f seconds [%.2f ing/sec]

% (el apsed, ing_sec))



# cl ean
di st. destroy_process_group()

if __nane__ =="_ main__
mai n()

multigpu-multinode.sh

#!/ bi n/ bash

#PBS -q gpu
#PBS -1 sel ect =8: ngpus=1: ncpus=4

# pozovi nodul e
nodul e | oad scientific/pytorch/1.14.0-ngc

# pormakni se u direktorij gdje se nalazi skripta
cd ${PBS_O WORKDI R -""}

# potjeraj skriptu koriStenjemtorchrun-multinode.sh
torchrun-mul tinode. sh nul tigpu-nul ti node. py

accelerate
Aplikacija na jednom &voru

accelerate-singlenode-run.sh

#!/ bi n/ bash

#PBS -q gpu
#PBS -1 sel ect =1: ngpus=2: ncpus=8

# env
nmodul e | oad scientific/pytorch/2.0.0

# cd
cd ${PBS_ O WORKDI R -""}

# run
accel er at e- si ngl enode. sh accel er at e- si ngl enode. py

accelerate-singlenode.py

# source
# - https://github. com horovod/ hor ovod/ bl ob/ mast er/ exanpl es/ pyt or ch/ pyt orch_synt heti c_benchmar k. py

import torch

inport torch.nn as nn

import torch.nn.functional as F
import torch.optimas optim

fromaccel erate i nport Accel erator

fromtorchvision inport nodels
fromtorch.utils.data inport Dataloader
from torchvision. datasets inport FakeData
fromtorchvision.transforns i nport ToTensor

i nport os
i mport sys
inport time



i nport pprint
i mport nunpy as np

def main():

# settings

epochs = 3

bat ch_size = 256

i mge_nunber = 256*30
nodel = 'resnet50

# accel erator
accel erator = Accel erator()

# nodel
nodel = getattr(nodels, nodel)()
nodel . to(accel erator. devi ce)

# optim zer
optim zer = optim SEX nodel . paraneters(), |r=0.01)
loss_function = nn. CrossEnt ropyLoss()

# | oader

data = FakeDat a(i nage_nunber,
num cl asses=1000,
transformeToTensor ())

| oader = Dat alLoader (dat a,
bat ch_si ze=bat ch_si ze)

# schedul er
schedul er = optimIr_schedul er. Exponenti al LR(opti m zer, ganma=0.9)

# prepare
nodel , optinmzer, |oader, schedul er = accel erator. prepare(nodel,
optim zer,
| oader,
schedul er)
# fit
for epoch in range(epochs):
start = tinme.tinme()
for batch, (inmages, |abels) in enurerate(loader):
optim zer.zero_grad()
i mges = inages.to(accel erator.device)
| abel s = | abel s.to(accel erator. device)
out puts = nodel (i mages)
cl asses = torch. argmax(out puts, di mel)
loss = loss_function(outputs, |abels)
accel erat or. backwar d(1 oss)
optim zer.step()
schedul er. step()
if (batch%d == 0) and (' RANK' not in os.environ or os.environ['RANK'] == "0"):
print('--- Epoch 9%i, Batch %8i: Loss = 9%®.2f ---' % (epoch, batch, l|oss,))
if "RANK' not in os.environ or os.environ['RANK'] == "'0'
end = tinme.time()
i mysec = i mage_nunber/ (end-start)
print('--- Epoch 9%i, Finished: 9%.2f ing/sec ---' % (epoch, ingsec))
if __nane ="'__min__":

mai n()

Aplikacija na viSe €vorova



accelerate-multinode-run.sh

#!/ bi n/ bash

#PBS -q gpu
#PBS -1 sel ect =2: ngpus=2: ncpus=8

# env
nodul e | oad scientific/pytorch/2.0.0

# cd
cd ${PBS_O WORKDI R -""}

# run
accel erate-nul ti node. sh accel erat e-nul ti node. py

accelerate-multinode.py

# source
# - https://github. com horovod/ hor ovod/ bl ob/ mast er/ exanpl es/ pyt or ch/ pyt orch_synt heti c_benchmar k. py

import torch

import torch.nn as nn

inport torch.nn.functional as F
import torch.optimas optim

fromaccel erate i mport Accel erator

fromtorchvision inport nodels
fromtorch.utils.data inport Dataloader
fromtorchvision.datasets inport FakeData
fromtorchvision.transforns inport ToTensor

i nport os

i mport sys

import tine

i nmport pprint

i mport socket
inport numpy as np

def nmain():
# settings
epochs = 10

bat ch_size = 256
i mge_nunber = 256*30
nodel = 'resnet50'

# accel erator
accel erator = Accel erator()

# nodel
nodel = getattr(nodels, nodel)()
nodel . to(accel erator. devi ce)

# optimzer
optimzer = optim SEX nodel . paraneters(), |r=0.01)
loss_function = nn. CrossEnt ropyLoss()

# | oader

data = FakeDat a(i mage_nunber,
num cl asses=1000,
transformToTensor ())

| oader = Dat alLoader (data,
bat ch_si ze=bat ch_si ze)



# schedul er
schedul er = optimIr_schedul er. Exponenti al LR(opti m zer, ganma=0.9)

# prepare
nodel , optimzer, |oader, scheduler = accel erator. prepare(nodel,
opti m zer,
| oader,
schedul er)
# fit
for epoch in range(epochs):
start = time.tinme()
for batch, (images, |abels) in enunerate(loader):
optim zer.zero_grad()
i mges = i mages.to(accel erator. device)
| abel s = | abel s.to(accel erator. device)
out puts = nodel (i nages)
classes = torch. argnax(out puts, dinrl)
loss = loss_function(outputs, |abels)
accel erat or. backwar d(| oss)
optim zer.step()
schedul er. step()
if (batch%d == 0) and (' RANK' not in os.environ or os.environ['RANK'] == "0"):
print('--- Epoch 9%i, Batch 98i: Loss = 9%.2f ---' % (epoch, batch, loss,))
if "RANK' not in os.environ or os.environ[' RANK'] == '0'
end = tine.tinme()
i mgsec = i nmage_nunber/ (end-start)
print('--- Epoch %i, Finished: 9%.2f ing/sec ---' % (epoch, ingsec))
if __pnane__ =="'__main__'
mai n()
VrancCic

Ispod se nalazi primjer aplikacije umjetnog benchmarka koji testira performanse na modelu Resnet50.

Aplikacija na jednom ¢voru

singlenode.sh

#PBS -q cpu
#PBS -1 ncpus=32
#PBS -1 nmenr50CGB

# envi ronnent
nodul e | oad scientific/pytorch/2.0.0

# set thread nunber to the cpu one
export OVP_NUM THREADS=${ NCPUS}

# run
cd ${PBS_O WORKDI R: -""}
pyt hon si ngl enode. py


https://pytorch.org/vision/main/models/generated/torchvision.models.resnet50.html

singlenode.py

i nport os
import tine

torch
torch.nn as nn
torch.optimas optim

i nport
i mport
i mport

fromtorch.utils.data inport Dataloader

fromtorchvision. nodels inport resnet50
fromtorchvision.datasets inport FakeData
fromtorchvision.transforns inport ToTensor

def main():

# vars

batch = 16
sanples =
epochs = 3

16*30

# nodel
nodel = resnet 50(wei ght s=None)
opti m zer = opti m SG( nodel . paraneters(),

loss_fn = nn. CrossEntropyLoss()
# data
dat aset = FakeDat a( sanpl es,
num cl asses=1000,
transfor m=ToTensor ())
| oader = Dat alLoader (dat aset,
bat ch_si ze=bat ch,
shuf f| e=Fal se,
num wor ker s=1,
pi n_nmenor y=Tr ue)
# train

for epoch in range(epochs):

start = time.tinme()
for batch, (images, |abels) in enunerate(l oader):
out puts = nodel (i nages)
classes = torch. argnax(out puts, din¥l)
loss = |l oss_fn(outputs, |abels)
optim zer.zero_grad()
| oss. backwar d()
optim zer.step()
if (batchvd0 == 0):
print('--- Epoch %, Batch %3i / %8i, Loss = 9%®.2f ---'
elapsed = tinme.tine()-start
i mgsec = sanpl es/ el apsed
print('--- Epoch % finished: %.2f inmg/sec ---' % (epoch,
i mgsec))
if _nanme__ =="__main__":
mai n()

Napomene

I r=0.001)

% (epoch,
bat ch,
I en(| oader),

loss.iten()))



@ Apptainer i run-singlenode.sh

Ova knjiznica je dostavljena u obliku kontejnera, zbog opterec¢enja koje pip/conda virtualna okruzZenja stvaraju na Lustre dijeljenim datote¢nim
sustavima.

Za ispravno izvrSavanje python aplikacija ili naredbi koje se u njemu nalaze, potrebno je koristiti wrappere u skriptama sustava PBS:

® ZaizvrSavanje naredbi u kontejneru na samo jednom &voru:
©  run-command.sh
® ZaizvrSavanje skripti python na jednom grafi¢kom procesoru
©  run-singlegpu.sh
® ZaizvrSavanje skripti python na vi$e grafi¢kih procesora (dostupno za PyTorch v1.10+)
O torchrun/distributed
" torchrun-singlenode.sh, distributed-singlenode.sh - jedan &vor
" torchrun-multinode.sh, distributed-multinode.sh - vise ¢vorova
O accelerate
® accelerate-singlenode.sh - jedan ¢vor
B accelerate-multinode.sh - viSe ¢vorova

Nacini pozivanja wrappera opisani su u primjerima iznad.

(D Koristenje viSe grafickih procesora
PyTorch ne osigurava automatsko raspodjeljivanje racuna na vise grafi¢kih procesora.
Pri koriStenju viSe procesora, potrebno je koristiti PyTorch sucelje distributed kako je navedeno u primjerima iznad.

U slu€aju da vam je ova funkcionalnost potrebna, kontaktirajte nas na computing@srce.hr



https://arxiv.org/pdf/2002.06129.pdf
https://arxiv.org/pdf/2002.06129.pdf
https://pytorch.org/docs/stable/distributed.html
mailto:computing@srce.hr?subject=PyTorch distribuirani proraun - wiki
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