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22.04 rapids/22.04 | gpusingle

Koristenje
Dva su nacina koriStenja dostupna:

1. jedan GPU
2. vise GPU-ova na jednom ¢&voru

U prvom slucaju nisu potrebne dodatne postavke, ve¢ se rapids knjiznice zovu direktno.

U drugom sluéaju je potrebno instancirati lokalni klaster putem Local CUDACIuster naredbe iz knjiznice dask-cuda (primjer se nalazi ispod).

LocalCUDACIuster_primjer.py

from dask. di stributed inport Cient
from dask_cuda i nport Local CUDAC ust er

# pokreni klaster i spoji se klijentom
cluster = Local CUDAC uster (
interface="ib0",
prot ocol ="ucx",

)

client = dient(cluster)

# izradi proraun

# ugasi workere i zatvori klijenta

workers = client.get_schedul er_info()['workers']
client.retire_workers(workers=workers)
client.close()


https://docs.rapids.ai/api/dask-cuda/nightly/examples/ucx.html#localcudacluster-with-automatic-configuration

(D Koristenje vise GPU jezgri
Koristenjem Local CUDACIuster se NE OSIGURAVA automatsko raspodjeljivanje memorije ili izratuna

Pri razvoju multi-GPU aplikacija, treba pripaziti kako je svaka od funkcija implementirana (detalji u tablici ispod):

Knijiznica multi-GPU Poveznice

cuPY X poveznica
cuDF X poveznica
cuML X poveznica
cuGraph X poveznica
cuSignal - -
cuSpatial - -
CLX - -
cuCIM - -
Performanse
Postavke

Ispod se nalazi rezultati nekih tipi¢nih aplikacija na jednoj GPU jezgri:

1. Matri¢ne operacije - cuPy vs. NumPy
2. DataFrame operacije - cuDF vs. pandas
3. K-means clustering - cuML vs. sklearn

U slucaju cuPy-a, matri¢ne operacije su se testirale na matricama veli¢ina:

® 100 x 100 - 80 Kb
® 1000 x 1000 - 8 Mb
® 10000 x 10000 - 0.8 Gb

U slu€aju cuDF-a, dataframe operacije su se testirale na podacima strukture:
® 10 kategorija
® 10 varijabli
® 10**3, 10**5i 10**7 opazanja
U sluc¢aju cuML-a, klasteriranje se testiralo na podacima strukture:
® 2 varijable

® 5 klastera
® 10**8 opazanja

Kod

cuPy


https://docs.cupy.dev/en/stable/user_guide/basic.html#data-transfer
https://docs.rapids.ai/api/cudf/stable/user_guide/10min.html#10-Minutes-to-cuDF-and-Dask-cuDF
https://docs.rapids.ai/api/cuml/stable/api.html#multi-node-multi-gpu-algorithms
https://docs.rapids.ai/api/cugraph/nightly/api_docs/dask-cugraph.html

cupy._test.sge

#$ -cwd

#$ -0 output/
#$ -e output/
#$ -pe gpu 1

# nmodul e
nodul e | oad rapi ds/22. 04

# python
cuda- wr apper.sh python cupy_test. py



cupy_test.py

inport timeit
i mport cupy as cp
i mport nunpy as np

def print_time(function, message):
n =10
t =timeit.tineit( lanbda: function(), nunber=n)
print( '% 9%.10f' % ( nessage, t/n ) )

if __pname__ =="'__main__
# define matrix sizes
sizes = [ 100, 1000, 10000 ]

# create nmatrices
np_nmatrices = [ np.random randon{(size, size)) for size in sizes ]
cp_natrices = [ cp.randomrandon((size, size)) for size in sizes ]

for i, (np_nmatrix, cp_matrix) in enunerate(zip(np_matrices, cp_matrices)):

# print nbytes
print( 'np % nbytes %' % ( np_matrix.shape[0], np_natrix.nbytes ) )

print( '"cp % nbytes %' % ( cp_natrix.shape[0], cp_matrix.nbytes ) )

# fft

print_tine( lanbda: np.fft.fft2(np_matrix), 'np % fft' %np_matri x. shape[0] )
print_tine( lanmbda: cp.fft. fft2(cp_matrix), ‘'cp % fft' %cp_matrix.shape[0] )
# sum

print_time( lanbda: np_matrix.sum(), 'np % sum %np_natrix.shape[0] )
print_time( lanmbda: cp_matrix.sun(), 'cp % sum % cp_matrix.shape[0] )

# std

print_time( |anmbda: np_matrix.std(), 'np % std" %np_matrix.shape[0] )
print_tine( lanmbda: cp_matrix.std(), 'cp % std" %cp_natrix.shape[0] )

# el ementwi se

print_time( lanbda: np.multiply(np_matrix, np_matrix), ‘'np % nultiply' %np_natrix.shape[0] )
print_tine( lanbda: cp.nmultiply(cp_matrix, cp_matrix), ‘'cp % nmultiply' %cp_matrix.shape[0] )
# dot

print_tine( lanbda: np_matrix.dot(np_matrix), 'np % dot' % np_matrix.shape[0] )
print_tine( |lanmbda: cp_matrix.dot(cp_matrix), 'cp % dot' %cp_matrix.shape[0] )
# slice

print_time( lanbda: np_matrix[::10], 'np % slice' % np_matrix.shape[0] )
print_tine( lanbda: cp_matrix[::10], 'cp % slice' %cp_matrix.shape[0] )

# svd

print_tine( lanbda: np.linalg.svd(np_matrix), 'np % svd" %np_matrix.shape[0] )
print_tine( |lanmbda: np.linalg.svd(cp_matrix), 'cp % svd" %cp_matrix.shape[0] )

cuDF



cudf_test.sge

#$ -cwd

#$ -0 output/
#$ -e output/
#$ -pe gpu 1

# nmodul e
nodul e | oad rapi ds/22. 04

# run python
cuda- wr apper.sh python cudf_test. py

cudf_test.py

import tine

i mport cudf

i mport cupy as cp

i mport nunpy as np
i mport pandas as pd
i nport random

def print_time(function, message):
start = time.tinme()
out = function()
end = tinme.time()
print( '% 9%.4e' % ( nessage, end-start ) )
return out

if __nane =="'_min__

# change nunber of rows

ncat = 10

nobs = 10

rows = [ 10**n for n in range(3, 8, 2) ]
for nrows in rows:

# fake dataset
cdf = cudf. Dat aFrane()

cats = cudf. Dat aFranme(
data = cp.randomrandint(0, ncat, (nrows, ncat)),

colums = [ '"c%' %i for i in range(ncat) ],
)
cdf = cudf.concat ([ cdf, cats ], axis=1)
del cats

obs = cudf. Dat aFr ame(
data = cp. random randon(si ze=(nrows, nobs)),
colums = [ '"o%' %i for i in range(nobs) ],
)
cdf = cudf.concat([ cdf, obs ], axis=1)
del obs

pdf = cdf.to_pandas()

print('cdf % nbytes %' % (nrows, cdf.nmenory_usage().sun()))
print('pdf % nbytes %' % (nrows, pdf.menory_usage().sum()))

# groupby
cats = [ colum for colum in cdf.colums if 'c' in colum ]

print_tine( |anbda: cdf.groupby(cats).sunm(), 'cdf % groupby_sum % nrows )
print_time( |anbda: pdf.groupby(cats).sun(), 'pdf % groupby_sunmi % nrows )

print_tine( |anmbda: cdf.groupby(cats).count(), 'cdf % groupby_count' % nrows )
print_tine( |anbda: pdf.groupby(cats).count(), 'pdf % groupby_count' % nrows )



print_tinme( |anbda: cdf.groupby(cats).nunique(), 'cdf % groupby_nuni que' % nrows )

print_tine( |anbda: pdf.groupby(cats).nunique(), 'pdf % groupby_nunique' % nrows )

# descri be

print_time( |anbda: cdf.describe(), 'cdf % describe' %nrows )

print_tine( |anbda: pdf.describe(), 'pdf % describe' %nrows )

# sort

print_tine( |lanbda: cdf.sort_val ues(by=list(cdf.colums), axis=0), 'cdf % sort_values' %nrows )
print_tine( |anmbda: pdf.sort_val ues(by=list(pdf.colums), axis=0), 'pdf % sort_values' %nrows )
# drop_duplicates

print_time( |anbda: cdf.drop_duplicates(), 'cdf % drop_duplicates' % nrows )

print_tine( |anbda: pdf.drop_duplicates(), 'pdf % drop_duplicates' %nrows )

# mask_where

ind =[ "o in col for col in cdf.colums ]

cdf = print_tinme( |anbda: cdf.mask( (cdf > 0.05) & ind, np.nan ), 'cdf % mask_where' % nrows )
pdf = print_tinme( |anbda: pdf.mask( (pdf > 0.05) & ind, np.nan ), 'pdf % mask_where' % nrows )
# query

query ="' | ".join([ '( 0% >0 )" %i for i in range(10) 1)

cdf = print_tinme( |anbda: cdf.query( query ), 'cdf % query' %nrows )

pdf = print_tine( |anmbda: pdf.query( query ), 'pdf % query' %nrows )

# fillna

cdf = print_time( lanbda: cdf.fillna(-1), 'cdf % fillna" %nrows )

pdf = print_time( lanbda: pdf.fillna(-1), 'pdf % fillna" %nrows )

K-means

kmeans_demo.sge

#3$ -cwd

#$ -0 output/
#$ -e output/
#$ -pe gpu 1

# nodul e
nodul e | oad rapids/22. 04

# run python
cuda- wr apper. sh pyt hon knmeans_deno. py

kmeans_demo.py



#
# https://github. confrapidsai/cum /bl ob/branch-21. 12/ not ebooks/ kneans_deno. i pynb
#

i nport sys

i mport cudf

i mport cupy

inport tine

import matplotlib.pyplot as plt

fromcum .cluster inport KMeans as cuKMeans
fromcunl . datasets inmport nake_bl obs

from skl earn.cluster inport KMeans as skKMeans
fromsklearn.netrics inport adjusted_rand_score

# time_it
def tine_it(command, nessage):
start = tinme.tine()
out = conmand()
end = tinme.time()
print('%20s %' % ( nmessage, end-start ))
return out

if __panme__ =="'_ _main__

# paraneters
n_sanples = 10**8
n_features = 2

n_clusters =
random st ate

1 o

# generate data
devi ce_data, device_|labels = nmake_bl obs(
n_sanpl es=n_sanpl es,
n_f eatures=n_features,
centers=n_cl usters,
cluster_std=0.1,
)
devi ce_data = cudf. Dat aFr ame(devi ce_dat a)
devi ce_| abel s = cudf. Seri es(devi ce_l| abel s)

host _data = devi ce_data.to_pandas()
host _| abel s = devi ce_Il abel s. to_pandas()

# scikit

kmeans_sk = skKMeans(
i nit="k-means++",
n_cl usters=n_cl usters,
random st at e=random st at e,

)

tinme_it( |lanbda: kmeans_sk.fit(host_data), 'sklearn fit' )

# cunl

kmeans_cum = cuKMeans(
init="k-neans||",
n_cl usters=n_cl usters,
over sanpl i ng_f act or =40,
random st at e=r andom st at e,

)

tinme_it( |lanbda: kmeans_cunml .fit(device_data), 'cuml fit' )

# conpare

cunl _score = adjusted_rand_score(host_| abels, kmeans_cun .| abels_.to_nunmpy())
sk_score = adjusted_rand_score(host_| abels, kmeans_sk. | abels_)

threshold = le-4

passed = ( cuml _score - sk_score ) < threshold

print('conpare kmeans: cuml vs sklearn labels_ are ' + ('equal' if passed else 'not equal'))



Rezultati
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knjiznica funkcija Vrijeme [s]
sklearn sklearn.cluster.KMeans.fit 1702.17
sklearn.cluster.KMeans.predict = 55.73
cuML cuML.cluster.KMeans.fit 7.43

cuML.cluster.KMeans.predict 1.58
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