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NANG CAO HIEU NANG CUA DEEP LEARNING TRONG
HE THONG TINH TOAN HIEU NANG CAO CRAY-XC40

Ngb Vin Manh !, Nguyén Thi Hién2, Nguyén Xuin Hoai’,
Ping Vin Nam®, Nguyén Viét Huy’

Tém tit: Deep Learning (DL) dang tré thanh mét céng cu quan trong cho nghién ciru va duwoc
vng dung vdao nhiéu linh viee khdc nhau trong cudc séng. Ung dung DL trong bai bdo di bdo, canh
bdo lién quan dén khi tiwong thiyy vin dang la mot huong nghién cuu tiem nang va co nhiéu thach
thive. Vi lwong dir liéu dau vao 16m va yéu cau dw dodn nhanh tirc thoi, tinh chinh xdc cao la nhitng
diém khién cho mang no ron trong DL tro nén phirc tap va bi han ché trong hiéu sudt tinh todn, thoi
gian tinh toan bi kéo dai so voi yéu cau nghiép vu dy bdo, canh bado thuc té. Tinh toan hiéu nang
cao (High Performance Computing - HPC) voi s luwong nut tinh toan lon dwoc su dung dé gidi
quyét cac van dé han ché cia DL trong bai todn dir liéu I6n. Hang Cray dd cung cap mét module
cam (Cray Programming Environments DL Plugin — Cray PE DL Plugin) cho phép lap trinh DL trén
moi truong song song cho tinh toan hiéu nang cao. Trong bai bao nay, nghién ciru trinh bay phuong

phap thiét lgp cau hinh mang no ron trong DL su dung Tensorflow trén nén tang Cray-XC40.

Tw khoa: Cong cu Cray PE DL, hoc sau.

Ban Bién tap nhan bai: 12/12/2019 Ngay phan bién xong: 05/1/2020 Ngay dang bai: 25/01/2020

1. Pit van dé

Tri tué nhén tao (AI) da thay d6i cach thirc
ma cac vién nghién cuou va cac nganh cong
nghiép giai quyét mot loat cac van dé phic tap.
bac bi¢t, Deep Learning (DL) vdi mang no ron
la mdt cong cu manh dé trich xuét thong tin tir b
d@r li¢u 16n thong qua hoat dong phan loai, du
doan va hdi quy. DL ciing ¢ tiém nang trong céc
hoat dong phan tich chii quan, gitp tra vé két qua
tinh toan lai chinh xac hon. Cac mang no ron sau
doi hoi lwong tinh toan rat 1on, c¢6 thé mat vai
tuan néu chi duoc thuc hién trén mot nat CPU
hodac GPU. Day la mot trong nhiing rao can
chinh trong viéc ap dung DL vao thyc té.

Ky thuat giam dan ngau nhién (Stochastic
gradient descent - SGD) 1a k¥ thuat t6i uwu hoa
thuong dugc su dung nhét dé dao tao cac mang
no ron sau. Qua trinh dao tao doi hoi mat tap dir
lidu 16n, cac thong tin ciia mdi mau déu dugc gan
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nhan. Mt bude ciia SGD sur dung mot tap con
ngau nhién ctia bo dit lidu, duge goi 1a mot 16,
dé tinh toan cac dao ham riéng cho mdi tham sb
diéu chinh duoc trong mang. Cac dao ham riéng
nay (hodc cac bién thién riéng), do sy khac biét
giita dau ra cia mang no-ron va cac gia tri quan
sat dugc (nhan). Mdi mau trong tip hop con
ngau nhién lai tao ra cac bién thién dao ham
riéng. T4t ca cac dao ham riéng ciia mdi mau s&
duoc tinh trung binh va gia tri trung binh nay
duoc sur dung dé cap nhat cac tham $6 mang cho
budc SGD tiép theo. SGD thuong thay dbi khi sir
dung céc cong cu t6i vu hoa méi (1a cac phuong
thirc dung dé cap nhat mé hinh dé tinh toan céac
gia tri dao ham riéng).

SGD c¢6 thé duoc song song hoa bang cach
chia d&u mot s6 lugng du 16n cac 16 nhé cho mot
tap cac tién trinh xur 1y. Mdi tién trinh sé& tinh
toan dao ham cuc bd va sau do6 gui két qua dé
tinh toan dao ham trung binh toan cyc. Cac tham
$6 mang no-ron sau d6 dugc cap nhat voi cac gia
tri dao ham tinh duoc nay. Ky thuat nay duogc goi
12 SGD song song dir liéu dong bd (Synchronous
data parallel SGD - SSGD).

C6 thé giam thoi gian ddo tao DL st dung
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SSGD biang cach tiang kich thudc 16 toan cuc
(téng trén tat ca cac tién trinh) va ting kich thudc
budc SGD, con dugc goi la tbc do hoc (learning
rate). Cac 15i trén cac dao ham trung binh toan
cuc s& giam khi dao tao bang nhiéu mau hon. L3i
giam cho phép cap nhat nhidu hon cho mé hinh
tai mdi budc, tir ¢6 dan dén sw hoi tu nhanh hon.
Viéc tang kich thudc cac 16 chi dén mot gidi han
nhét dinh khi d6 sy hdi tu s& cham di hodc khong
hoi tu ntra [1-5].

Module cim Cray PE DL Plugin giai quyét
van dé hoc song song thong qua mot két hop cac
cai tién thuét toan va tdi wu hoa cao hoat dong
giao tiép dua trén giao dién truyén thong diép
(Message Passing Interface — MPI). So véi céac
khung DL tinh toan cac dao ham trung binh toan
cuc chi dya trén mot tinh todan MPI chung Allre-
duce thi Cray PE DL Plugin vuot tréi hon han.
Nghién ctru nay mo ta cac giai phap duogc s
dung trong Cray PE DL Plugin va lam thé nao
cac giai phap nay tao ra hiéu suat toi wu trén nén
tang Cray. Nghién ctru thao luan vé viéc ap dung
Cray PE DL Plugin vao TensorFlow , m¢t khung
DL phd bién va danh gia cac cai tién hiéu suit
trén nén tang Cray-XC40 v6i Bo xur 1y Intel
KNL. Két qua cho thay hiéu suit thoi gian tinh
toan giam khoang 10 (khi st dung 8 nut tinh
toan) cho bai toan du bao tdc do gié sir dung DL
dua trén hdi quy (Long Short Term Memory -

&

=

LSTM).

2. Phwong phap trién khai

2.1. Long Short Term Memory - LSTM

Mang bd nhé dai-ngan (Long Short Term
Memory networks), thuong dugc goi la LSTM -
la mot dang dac biét cia RNN, no6 c6 kha nang
hoc dugc cac phu thuoc xa. LSTM duogc gidi
thiéu bdi Hochreiter & Schmidhuber (1997) [6],
va sau d6 da duoc cai tién va phd bién boi rat
nhiéu ngudi trong nganh. LSTM 1a mot trong
nhiing mang than kinh nhan tao dugc st dung
phé bién trong phén tich dit liéu chudi thoi gian
(time-series).

LSTM duoc thiét ké dé tranh duoc van dé
phu thudc xa (long-term dependency). Viéc nh&
thong tin trong sudt thoi gian dai 13 dic tinh mic
dinh cta chiing, chtr khong can phai dao tao nd
dé o thé nhé duoc. Tuc la ngay noi tai cua n6 da
¢6 thé ghi nhd duge ma khong can bt ki can
thi¢p nao.

Moi mang héi quy déu c6 dang 1a mot chudi
cac mo-dun lap di lap lai cua mang no-ron. Véi
mang RNN chuén, cac mo-dun nay co cau tric
rat don gian, thudong la mot ting tanh. LSTM
ciing c6 kién trac dang chudi nhu vy, nhung cac
mé-dun trong n6 c6 cau trac khac voi mang
RNN chuén. Thay vi chi ¢6 mdt ting mang no-
ron, chiing c6 t6i 4 ting twong tac véi nhau mot
cach dac biét.
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Hinh 1. Mang LSTM

2.2. Nén ting trién khai DL trén Cray

a) Nén tang hé tro DL

Mot s6 nén tang dugc xdy dung san hd trg
cho DL gom:

TensorFlow

TensorFlow 12 mot 16p phin mém ma ngudn
mé cung cap mot bd cac quy tic tinh toan sb hiéu
sut cao. TensorFlow co thé d& dang trién khai
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trén nhiéu nén tang phan ctng, tir cac CPU thong
thuong va cc bo xir Iy d6 hoa GPU cho dén céac
b6 xtr Iy Tensor thiét ké chuyén biét (Tensor Pro-
cessing Units - TPU). Ngoai ra, TensorFlow
cling c6 thé duoc trién khai trén cac cum may
tinh (cluster) bao gdbm cac may chi tinh toan
hiéu sudt cao va cac két ndi ndi bo. Tuy nhién, co
so ha tang phan cling va giao tiép dong mot vai
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tro quan trong trong viéc mo rong TensorFlow
trén mot sb lugng 16n cac ntt tinh toan.

gRPC

gRPC 1a mdt 16p 16p goi thu tuc tr xa ma
ngudn mod (Remote Procedure Call layer - RPC)
ban dau dugc phat trién boi Google. gRPC cung
cAp mot 16p triru tuong dé phat trién cac dich vu
va cac ung dung phén tan va duoc xép 16p trén
giao thire HTTP/2. gRPC ciing cung cap mot loat
cac tinh ning cho phép giao tiép, dong bo hoa va
kiém soat ludng gitra may khach va may chu
trong mot ng dung phan tan. gRPC 1a mdt trong
nhirng giao thirc giao tiép dugc s dung trong
khung TensorFlow cua Google.

Horovod

Horovod 1a mét khung DL phéan tdn, ma
ngudn mé cho TensorFlow ciia Uber. Horovod
sir dung giao dién truyén thong diép MPI dé thiét
1ap mot ha ting phan tan cho TensorFlow. Trong
ndi by, hoat dong giam thiéu toan cuc dugc thuc
hién bang mot cong cu Allreduce dang vong dé
sir dung bang thong truyén tin duoc cung cip boi
mot két ndi cum hiéu sudt cao dién hinh. Cac
phién ban gan day cua Horovod str dung céc 16p
truyén tin NCCL va NCCL2 cta NVIDIA dé tbi
wu hoa hiéu suit truyén tin trén cac hé théng hién
dai v6i nhiéu GPU trén mdi nut.

b) Gidi phdp thiét ké

Nhiéu khung song song hoa cho DL, ching
han nhu gRPC trong TensorFlow, gdm hai 16p
xir Iy. Céc hoat dong xir Iy may chu tham sb (Pa-
rameter Server — PS) thu thap bién thién tir cac
hoat dong xur Iy may tram, tinh toan bién thién
trung binh toan thé, cap nhat cac tham $6 mang va
gui cac gia tri tham s6 méi t6i cac may tram.
Théng thuong nguoi ding c¢6 thé chon sb luong
hoat dong xt Iy PS. Chi c6 mot hodc mot s6 gidi
han cac hoat dong xir Iy PS trén mot s6 luong 16n
may tram s& gip phai cac van dé vé hiéu suit va
han ché quy mo. Cau hinh kiéu nay thiét 1ap mot
mau giao tiép nhiéu-dén-it, gay tic nghén hau hét
cac mang. Mot ) luong han ché cac hoat dong
xur Iy PS ciling s€ gap kho khan trong vi¢c guri cac
gid tri tham sd cap nhat du nhanh dé theo kip nhu
ciu cua may tram. Tang s6 lwong cac hoat dong
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xtt 1y PS ¢6 thé 1am giam cac nat thit c6 chai
trong truyén tin va cap nhat tham sd. Tuy nhién,
st dung qua nhiéu cac hoat dong xur Iy PS lai dan
dén cac mau giao tiép nhiéu-nhiéu, sé khong dap
tmg s6 luong 16n cac nut. Xac dinh sb luong tdi
wu cac hoat dong xur Iy PS s& rit mét cong siic
cua nguoi dung. Dung gRPC trong TensorFlow,
nguoi dung con phai cung cp tén nut va sb cong,
nhu vay lai nay sinh cac van dé vé kha ning st
dung.

Cray PE DL Plugin xt Iy cac van d& vé kha
nangstr dung va hiéu sudt mo rong trong Tensor-
Flow va cac khung DL tuong ty. Khong c6 hoat
dong xur ly PS khi su dung Cray PE DL Plugin.
Mbi xir ly 1a mot may tram, va mot hoat dong
giam thiéu toan thé tiiy chinh thay thé cho hoat
d6ng tinh toan bién thién trung binh cta toan bo
cac hoat dong xir Iy PS. Mdi may tram sau d6 cé
thé d2 dang tinh toan cap nhat tham ) mang, viéc
nay thuong chi tbn mot phan nho cia thoi gian
thuc hién. Thuédt toan trong Hinh 1 mo ta so bd
cach hoc song song dir li¢u sir dung Cray PE DL
Plugin. Giam thiéu tiy chinh dugc t6i wu héa cu
thé cho hoat dong DL va c6 thé thdy hiéu sut cao
hon 35% so v&i MPI Tallreduce() méc dinh c6 sin
trong Cray MPICH khi kich thudc thong diép va
vi tri xir 1y 14 twong duong. Ngoai ra dé cai thién
hiéu sudt truyén tin & mot quy mo 16n hon, thiét
1ap giam thiéu tiy chinh ciing cung cip kha ning
tuyét voi chong 16p truyén tin/tinh toan. Kha
ning tam 4n truyén tin trong pha tinh toan bién
thién trung binh dong vai tro chinh trong viéc cai
thién thoi gian cho dao tao phan tan.

Require: N = total number of epochs

Require: n = total number of training samples

Require: k = number of MPI ranks

Require: b = number of training samples in a baich per process
I: forepoch=1.--N do
L forstep=1--n/(bk) do
] Gstep +Compute_oradients(local_balch.i.,
4 G step +-Me.gradients(g,,.,)
5 loss e, apply gradients(G ;..,)

|

Hinh 2. Code gia lap cho thudt toan dao
taosong song dit lieu. Cray PE DL Plugin duoc
trinh bay bang mc, va ham trung binh dao ham

la ham mc.gradients().
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Trong d6 N 1a tong sb chu ky; n 1a sb luong
mau dao tao; k 1a sb cép MPI; b 1a sé méu dao
tao trong mot 16 dir li¢u trong mot lan xur ly.

Khong can diéu chinh TensorFlow dé sir
dung Cray PE DL Plugin cho song song hoa.
Tinh nang TenorFlow Op duoc sir dung dé thém
cac budce truyén tin can thiét vao dd thi thuc hién
mot cach tdi vu (tai li€u co tai https://www.ten-
sorflow.org/extend/adding_an_op). Nguoi dung
6 thé bat dau voi mot TensorFlow ndi tiép hoac
mot tap 1énh client khung khac 1Ol goi thém cac
thanh phén can thiét dé khoi tao, truyén tin va
két thuc. Di vai cac tinh hudng yéu cau nhiéu
giam thiéu bién thién ciing lic, cac nhom ludng
(thread) giam thiéu duoc st dung dé ting toc doc
lap voi mot vai hoat dong goi don gian. Giao
dién C / C ++ va Python 2/3 c6 san trong Cray
PE DL Plugin.

Cray PE DL Plugin da c6 sin trong goi Cray
Developer Toolkit - CDT dugc cai cho cac hé
théng Cray XC. Ban hién tai CDT 19.09 hd tro
Keras, TensorFlow 1.3.1 va kién trac dua trén
Intel®CPU va GPU NVIDIA.

¢) Bo tap lénh trong Cray PE DL plugin

Céc budc can c6 trong Cray PE DL Plugin
bao gom:

* Khdi tao Cray PE DL Plugin.

» Khoi tao cac gia tri tham s6 mo hinh ban
dau: Chi dinh s6 lwong nhém, ludng, kich thude
mo hinh.

« Str dung Cray PE DL Plugin dé truyén céc
bién thién sau khi tinh toan cac bién thién va thuc
thi mo hinh.

« Két thuc Cray PE DL Plugin.

Trong phan nay s& trinh bay chi tét cho viéc
ap dung cho mot tap 1énh bang Python cho phép
str dung Keras thuc thi cac m6 hinh hoc may DL.

- Khoi tao: Budce dau tién 1a khoi tao Cray PE
DL Plugin. Piéu nay dugc thyc hién bang cach
trude tién import module rdi thiét 1ap méi truong
ban dau nhu hinh 3:

TAP CHI KHI TUQNG THUY VAN

from _ future  import print_function

import keras

keras.datasets import mnist

keras.models import Sequential
keras.layers import Dense, Dropout, Flatten
keras.layers import Conv2D, MaxPooling2D
from keras import backend as K

¥ BO SUNG CHO CRAY

import math

import tensorflow as tf

import dl_comm.keras as cdl

from
from
from
from

config = tf.ConfigProto()
fconfig.gp
fconfig.gpu_:
fconfig.gpu options.per process gpu memory fraction = 0.8
K.set_session(tf.Session(config=config))

¥ EET THUC BO 3UNG CHOQ CRAY

Hinh 3. Khoi tao Cray PE DL Plugin
Cray PE DL Plugin str dung ciu hinh cho ca
CPU va GPU, dé thyc hién st dung GPU cho
tinh toan can thiét 1ap tham s6 cau hinh ban dau
nhu hinh 4:

config = tf.ConfigProta()

u options.allow growth = True

o

ions.visible device list = str(cdl.local_rank())

fconfig.gpu options.allow growth = True
fconfig.qpu options.visible device list = str(cdl.local ramk())

fconfig.gpu options.per process gpu memory fraction = 0.8

Hinh 4. Thiét lp tham s6 cau hinh ban dau

- Khdi tao cac tham so6 mo hinh ban dau: Véi
Keras, can thiét 1ap cac thong s ban dau cua
md hinh s€ sir dung nhu hinh 5:

model = Sequential()

Jmodel.add(Conv2D(32, kernel_size=(3, 3),
activation="relu’,
input_shape=input_shape))

model.add{Conv2D({64, (3, 3), activation="relu'})

model.add(MaxPooling2D(pool_size=(2, 2)))

model.add(Dropout(@.25))

model.add(Flatten())

model.add({Dense(128, activation="relu"))

model.add(Dropout(@.5))

model.add(Dense(num_classes, activation='softmax'))

Hinh 5. Thiét lgp cdc théng sé ban dau

- Téng hop bién thién: Hoat dong truyén tin
va tinh toan chuyén sdu nay duoc téi wu hoa cao
trong Plugin Cray PE DL Plugin. Hoat dong nay
dugc dat gitra hoat dong tinh toan bién thién va
cap nhat mo hinh, dugc cAu hinh nhu hinh 6.

¥ BO SUNG CHOQ CRRY

opt = keras.optimizers.Zdadelta(l.0 * cdl.get_nranks())

¥ Wrap the optimizer to use the Plugin
opt = cdl.DistributedOptimizer (opt)
¥ EET THUC BO SUNG CHO CRAY

Hinh 6. Sir dung t6i wu héa trong Cray
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Mot tap Iénh hoc ndi tiép thuong str dung mot
phuong thirc tdi thiéu hoa minimize() ciia mot
d6i tuong toi wu hoa optimizer. Phuong thirc nay
tinh toan bién thién va cap nhat mo hinh véi cac
bién thién nay. Viéc cap nhét két qua tinh toan
cua cac budc song song dugc thuc hi¢n bdi ham
callback nhu hinh 7:
¥ BO 3UNG CHO CRAY
¥ ndd callback to broadcast initial variables

callbacks = [cdl.BroadcastVariablesCallback(0, E)]

Hinh 7. Cdp nhat ket qua tinh toan song song
Thyc hién hoc may ctia mo hinh va dénh gia
ket qua ciia md hinh dugc thuc hién nhu hinh 8:
model.fit(x_train, y_train,
batch_size=batch_size,
¥ BO SUNG CHO CRAY
callbacke=callbacks,
¥ EET THUC BO SUNG CHO CRAY
epochs=epochs,
verbose=verbose_level,

validation_data=(x_test, y_test))
score = model.evaluate(x_test, y_test, verbose=0)

Hinh 8. Hoc may va danh gia két qua mé hinh
- Két thuc: Budc bat bude cudi cung dé
chuyén ddi mot tap Iénh dao tao ndi tiép 1a két
thuc Cray PE DL Plugin, tuong tu nhu viéc Kkét
thac MPI. Khi rank ctia nut tra vé 1a 0 khi d6 qua

trinh tinh todn song song két thiic nhu hinh 9.
# BO SUNG CHO CRAY

if codl.get_rank() == 0:
loss:"'

acCCuracy.

print({'Te=t , =zcore[0])

print (' Te=t ', score[l])

¥ EET THUC BC SUNG CHO CRAY

Hinh 9. Két thiic Cray PE DL Plugin

d) Trién khai, cai dat Cray PE DL Plugin trén
Cray-XC40

Hiéu suét tot nhét dat duoc véi mot cép MPI
trén mdi nut. Cray PE DL Plugin phai dugc cdu
hinh dé sir dung 2-4 ludng (thread) truyén tin.
Trong vai truong hop véi cac nat GPU, hiéu suat
6 thé duoc cai thién béng cach su dung 1én dén
8 ludng. Pbi v6i dao tao MKL va MKL-DNN,
quan trong la khong dat OMP_NUM_ THREADS
qua cao, néu khong cac core c6 thé bi ding ky
vuot mirc. Vi du: néu ¢ 36 core vat 1y trén mot
nit, hiéu sudt t6i wu dat duoc véi
OMP NUM THREADS=34, nén dé lai 2
core/ludng dé lién lac véi Cray PE DL Plugin.

BAI BAO KHOA HQC

Ngoai ra, voi TensorFlow va vi du
tf cnn_benchmarks, num intra threads nén
duoc dat dé phu hop v6i gia tri

OMP _NUM THREADS, vanum_inter threads
thuong duoc dat tir 1-3 ludng tiy thude vao sb
luong HyperThreads c6 trén mdi core. Dbi voi
cac KNL CPU, tbt nhat dé lai mot HyperThread
ranh trén mdi core. Bién moi truong
KMP_ BLOCKTIME c6 thé gitip cai thién hiéu
suét doi chit néu duoc dit 1a 0 hodc 30.

Déi v6i cac nat GPU, s6 luong ludng CUDA
dugc su dung dé nhé dém dix liéu dén chu thé tinh
toan c6 thé dugc diéu chinh thong qua bién moi
truong ML COMM_NUM CUDA_STREAMS
va sb lugng ban sao ma moi luéng thuc hién co
thé duwoc thay ddi véi bién moi truong
ML COMM CPY PER CUDA STREAM.
Céc cai dat mac dinh 2 va 8, tuong ung, theo thur
nghiém 14 tot nhat cho gan nhu tit ca cac tinh
huéng.

3. Thuc nghiém

Trong thuc nghiém cua nghiém ctu s€ su
dung mang DL long short term memory-LSTM
cho bai toan du doan toc do gi6 trong 18 gio tiép
theo.

Dit lidu thyc nghiém 13 dir liéu quan tric toc
d6 gi6 tir 01 thang 1 ndm 2014 dén 31 thang 12
nam 2019, v&i tin sut quan tric 3h mot 1an, tai
13 tram quan tric: Ha Giang, Cao Bang, Tuyén
Quang, Hoa Binh, Nam Dinh, Ha Dong, Phu
Lién, Lang Son, Bai Chay, Tién Yén, Mong Cai,
Bach Long Vi, Hoi Xuan.

So luong mau hoc 1a 15,200 mau, ) luong
mau kiém tra 1a 500 mau. Thuc nghiém s¢€ thuc
thi LSTM véi cac epoch =500, 800.

Thiét 1ap mo hinh LSTM trén may chu thong
thuong va may chu Cray-XC40 stir dung Cray PE
DL Plugin. Thong s6 may chu thuong CPU (2
Multi cores (28 thread) Intel Xeon E5-2690 v4s),
RAM (64 GB). Béi v6i may Cray-XC40, 1 nut
c6 CPU (2 cores (36 thread), Intel Xeon E5-2697
v4 18C 2.3 GHz), RAM (16 GB). Cau hinh thyuc
thi LSTM trong thuc nghiém trén Cray-XC40 sur
dung 8 nut, mdi nat su dung 34 thread.

TAP CHi KHI TUQNG THUY VAN
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model
model. add(LST

(58, activation="relu’,
return_sequences=True,
batch_input_shape=(None,8, 13)))
model. add(LSTH(58,

return_sequences=ralse,
activation="relu’))

model. add(Dropout

model. add(Uense

model. compile(optinizer="adan’,
loss="mse’,

metrics=["accuracy’])
model. summary()
s 1u

epochTine = 588
model. fit(x_train, y_train, batch_size=3, epochs=epochTime, validation_split=validation_split)
end_time = time time()

Hinh 10. Cdau hinh LSTM trén mdy chii thwong

"“##Xdy dung md hinh LSTM"""
validation split = 8.85 #Ty 1& % téch tdp validation trong tdp Test
#epochTimes = 12.8
epochTimes = 5@@
# CRAY ADDED
epochs = int(math.ceil(epochTimes / cdl.get nranks()))
# END CRAY ADDED
#Stacked LSTM (NhiBu 1dp LSTM)
model = Sequential()
model.add(LSTM(50, activation="relu’,
return_sequences=Trus,
batch_input_shape=(HNone,8, 13)))
model.add(LSTM(5@,
return_sequences=False,
activation="relu'))
model. add(Dropout(@.3))
model.add(Dense(13))
# CRAY ADDED
opt = keras.optimizers.Adadelta(l.e * cdl.get_nranks())
# Wrap the optimizer to use the Plugin
opt = cdl.DistributedOptimizer(opt)
#END CRAY ADDED
model.compile(optimizer = opt,
loss="mse",
metrics=["accuracy'])
model. summary ()
# CRAY ADDED
# Add callback to broadcast initial variables
callbacks = [cdl.BroadcastVariablesCallback(e, K)]

Hinh 11. Cau hinh LSTM trén mdy Cray-XC40

wl $PES 0 WORKDIR

module load craype-network-aries
module load cray-mpich

module load craype-dl-plugin-pyd

CHPOPt UMP_NUM_THHEAS =34
CHpOrt MPLUH_MAK_THHEAL SAFE|Y-multiple
CHPOPT MPLCH_NEMESLS_ASYNL_PROGHESS=HL

beg sers="dale +"Rs"™

echo "START J0B AT" “dale +"SdfaRy BH:BH™

dats

time aprun -n 4 -N 1 -j 1 -d $0MP_HIM_THREADS -cc none pythond.6i feray_home/cntt/ai/code/VNHHE_AT_FINAL .py
date

ccho “lime taken by
dale
enil @

Hinh 12. Cau hinh PBS dé submit job trén
Cray-XC40

5 15 " $wallsecs
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4. Phan tich két qua

Trong phan nay, nghién ctru s& phan tich va
danh gia két qua dat duoc khi thuc thi thuc
nghiém trén may chu thuong va Cray-XC40. Két
qua dy doan voi tinh chinh xac cua LSTM khi
chay trén may chu thuong va Cray-XC40 la
tuong dwong nhau véi khoang sai sb trung binh
gitra may chu thuong va Cray-XC40 khoang
0.03, két qua chi tiét tai bang 1, bang 2 va bang
3 1a két qua sai s trung binh.

Bdng 1. Sai s6 dw bdo ciia LSTM trén

Cray-XC40
STT Station (EpolﬁlA:E 500) (EpOI:/{IAZE 800)

1 48805 - HA GIANG 0.81523 0.9741
2 48808 - CAO BANG 0.77397 0.65291
5 48812-TUYEN

QUANG 0.55088 0.67463
4 48818 - HOA BINH 0.66411 0.52507
5 48823 - NAM DINH 0.73743 0.72945
6 48825 - HA DONG 0.42744 0.72918
7 48826 - PHU LIEN 0.85284 0.71751
8 48830 - LANG SON 0.58352 0.53875
9 48833 - BAICHAY 0.74615 0.74463
10 48837 - TIEN YEN 0.81491 0.86019
11 48838 - MONG CAI 0.85648 0.88636
|, 48839 -BACH

LONG VY 0.89402 0.68479
13 48842 - HOI XUAN 0.82788 0.88395
14 All Station 0.73422417 0.738584

Bdng 2. Sai s6 dw bdo ciia LSTM trén
may chu thuong

STT Station (Epol::/ilA:E 500) (Epol::/ilA:E 800)
1 48805 - HA GIANG 0.81484 0.82883
2 48808 - CAO BANG 0.71858 0.85846
3 48812-TUYEN

QUANG 0.56044 0.66563
4 48818 - HOA BINH 0.58697 0.67589
5 48823 - NAM DINH 0.72503 0.75761
6 48825 - HA DONG 0.46304 0.55307
7 48826 - PHU LIEN 0.83042 0.91817
8 48830 - LANG SON 0.58961 0.53911
9 48833 - BAICHAY 0.82476 0.79877
10 48837 - TIEN YEN 0.84871 0.86146
11 48838 - MONG CAI 0.80696 0.8723
12 48839 - BACH

LONG VY 0.74131 0.73887
13 48842 - HOI XUAN 0.8547 0.97105
14 All Station 0.72041706 0.77225093
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Bdng 3. Sai 56 dw bdo ciia LSTM trung binh
cho tat ca cac tram

. MAE MAE
STT  Machine 0 —'500)  (Epoch = 800)
My chi cimg 070315556 0.77225093

2 Cray-XC40 0.73422417 0.738584

Di véi hiéu suit vé thoi gian thyc thi mo hinh
LSTM thi trén Cray-XC40 cho két qua nhanh
trung binh gip 10 1an so mdi may chu thong
thuong (trong truong hop Cray-XC40 st dung 8
nit, moi nat st dung 34 thread va may chu
thuong co6 28 thread). Két qua chi tiét & bang 4.

Bdng 3. Sai s6 du !)do cua LSTM trung binh
cho tat ca cac tram

STT Céu hinh T}(‘l‘;’;l o
2 Cray-XC40, 8 nut, epoch = 500 34.8
3 Cray-XC40, 8 nut, epoch = 800 54.1
5 May chu cirng, epoch = 500 382.68
6 May chu cung, epoch = 800 577.04

BAI BAO KHOA HQC

V6i két qua vé tinh chinh xac giéng nhau khi
st dung LSTM trén moi truong may chu thuong
va Cray-XC40 va hiéu nang vé thoi gian hoc ciia
Cray-XC40 tot hon hin may chu thuong (giam
10 1an, néu tang sé lugng nut tiép thi thoi gian
tiép tuc giam). Vi thoi gian nhu trong bang 4,
LSTM hoan toan c6 thé duoc su dung dugc vao
trong nghiép vu du bao khi twong thuy van. Day
chinh l1a y nghia khi st dung Cray PE DL cho céac
bai toan DL trong nghiép vu thuc té.

5. Két luin

Nghién ctru da trinh bay vé ung dung cua
cong cu Cray PE DL Plugin trong bai toan DL,
Cray PE DL cho phép m¢ rong quy mo hoc DL
t61i mot s6 lwong 16n cac nat trong hé thdng qua
d6 giam dang ké thoi gian hoc cho mang no ron
va tang tinh hi¢u qua ctia DL khi dua vao ung
dung thuc té trong bai toan du bao lién quan dén
Khi tuong thity van. Nhat 13 trong giai doan hién
nay khi yéu cau ciia xa hoi can cac ban tin canh
béo cuc ngin trong thoi gian 30 phut - 1h.

Léi cam on: Nghién ciru nay duge hé tro boi dé tai “Nghién civu co s6 khoa hoc va gidi phdp
vng dung tri tué nhan tao dé nhan dang, hé tro dir béo va canh bdo mét sé hién twong khi twong thiyy
van nguy hiém trong béi canh bién doi khi hdu tai Viét Nam”, ma sé BDKH.34/16-20",
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IMPROVING THE PERFORMANCE OF DEEP LEARNING IN
HIGH-PERFORMANCE COMPUTING SYSTEMCRAY-XC40
Ngo Van Manh!, Nguyen Thi Hien?, Nguyen Xuan Hoai’,
Dang Van Nam*, Nguyen Viet Huy'
!Center for Hydro-Meteorological Data and Information
2Le Quy Don Technical University
SAl Academy Vietnam
*Hanoi University of Mining and Geology

Abstract: Deep Learning (DL) is becoming an important tool in research and is applied in many
different areas. The application of ML in forecasting and warning bulletins of Meteorology and Hy-
drology is a potential and challenging research field. Due to large input data and requirement for
instantaneous and high accuracy prediction, the neural network in DL becomes complex and lim-
ited in computing performance, thus the calculating time is prolonged compared with requirements
of actual forecasting and warnings. High Performance Computing (HPC) with a large number of
computing nut is used to solve the limitation of DL in big-data subject. Cray has provided a plug-in
module (Cray Programming Environments DL Plugin - Cray PE DL Plugin) that enables DL pro-
gramming in parallization environment for high-performance computing. In this paper, the study
presents the method of configuring neuron network in DL using Tensorflow on Cray XC-40 plat-
form.

Keywords: Cray PE DL plguin, deep learning.
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