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https://arxiv.org/abs/1705.08741
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BERP)NWFHA X ZFEETZET. FBERK T 20N I 2A3THZ 2K
Train longer, generalize better: closing the generalization gap
in large batch training of neural networks

Accurate, Large Minibatch SGD: Training ImageNet in 1 Hour
LARGE BATCH TRAINING OF CONVOLUTIONAL NETWORKS

Don't Decay the Learning Rate, Increase the Batch Size
. SH(FHIMNECAICHEHAHTEA
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https://research.fb.com/publications/accurate-large-minibatch-sgd-training-imagenet-in-1-hour/
https://arxiv.org/abs/1708.03888
https://arxiv.org/abs/1711.00489
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91
92
93
94
95

96

97

print(Using CHrARIS datseets (- format ~NJLFGPUMEIF(C
in, = aset _cifario, _cifag —_—t o
Y T —~FiteratorzZ %

test iter = chainer.1terators.SerialIterator(test, args.batchsize,

repeat=False, shuffle=ralse)

# Make a model.
class labels = 10
model = L.Classifier(models.VGG.VGG(class labels))

PECLj1ed GPU current
master_gpu_id = """PUT YOUR CODE"""
iner.cuda.get_device_from_id("""PUT YOUR CODE""'

# Make optimizer.

— N
optimizer = chainer.optimizers.MomentumsGD(args.learnrate) ’ } \’{ z (:G P U )0)

optimizer.setup(model)

S
optimizer.add_hook(chainer.optimizer.wWeightDecay(5e-4)) IJ 2 h%{fﬁm

# Set up Q=

devices list = {'main': """PUT YOUR CODE"""}

ices list.update({"""PUT YOUR CODE""" for i in range(l, args.n_gpu —Z |\ \\1%-—
print(devices [1sT) j C j
GPUZISE
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updater = training."""PUT YOUR CODE"""

train args.epoch, 'epoch’ Ut=args.out)

evaluator = extensions.Evaluator(test iter, model, devike="""PUT YOUR CODE""")
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https://docs.chainer.org/en/latest/reference/generated/chainer.training.updaters.MultiprocessParallelUpdater.html#chainer-training-updaters-multiprocessparallelupdater
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Chainer®MultiprocessParallelUpdater(c&iFdData Parallelism
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https://github.com/chainer/chainer/blob/v4.0.0/chainer/datasets/sub_dataset.py#L160
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RYUT MOEBER(EX; 1/2)

# Set up a dataset and prepare train/test data iterator.

92 print('Using CIFAR1@ dataset: {}'.format(args.dataset))
LE] train, test = datase ifar1o.load cifarle(args.dataset)
94 train_ite

train_iter=[chainer.iterators.Seriallterator(sub_train, args.batchsize) \

for sub_train \
in chainer.datasets.split_dataset_n_random(train, args.n_gpus)]

L)

162 # ciyied GPU current
1@3 master_gpu id = """PUT YOUR CODE"""
164 iner.cuda.get device from id("""PUT YOUR CODE""'

185

106

msGD(args.learnrate)

master gpu_id=0 eightbecay (se-4))
.get_device_from_id(master_gpu_id).

ODE"""}

devices_list.update PUT YOUR CODE""" for i in range(1l, args.n_gpus)})
114 print(devices list)
115
116 updater = training."""PUT YOUR CODE"""
117 trainer = training.Trainer(updater, (args.epoch, 'epoch'), out=args.out) o

118 evaluator = extensions.Evaluator(test iter, model, device="""PUT YOUR CODE""") 21 ibia | NSTITUTE

110




AVUID MOEEEPR(ZEX; 2/2)

devices_list={'main': master_gpu_id}

devices_list.update({'gpu{}' .format(i): i for i in range(l, args.n_gpus)})

111 # S5el .

112 devices list = {'main': """PUT YOUR CODE"""} }
113 devices list.update({"""PUT YOUR CODE""" for i in range(1l, args.n_gpu

114 print(devices 11sT]

115

116

117 , out=args.out

118 evice="""PUT YOUR CODE""") _J

device=0

updater=training.updaters.MultiprocessParallelUpdater(

train_iter, optimizer, devices=devices list)
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Start a training script using single GPU.
# Minibatch-size: 32

# epoch: 4

Using CIFAR10O dataset: /lustre/gtee/share/lectuPe/20180531_d1_intro/d“+“'"+’{:4f“"19 e S aalaaa
epoch main/loss validation/main/loss main/accuracy validat] y/’])[/GPUIZ-_t

1 3.56997 9.0989 0.107595 0.14101¢ .

(chBg) 51.8image/sec.

4 2.37658 2.14666 9.199119 0.227344 193.16

Throughput: 51.76725472300107 [images/sec.] (10000 / 193.17230657697655)
Start a training script using multiple GPUs.

# GPUs: 2

# Minibatch-size: 32

# epoch: 4

Using CIFAR10 dataset: /lustre/gt@@/share/lecture/20180531 dl intro/dataset//cifarl@ 256px_5p.pickle.gz
{'main': @, 'gpul': 1}
/lustre/app/acc/cuda9/chainermn/ofed4.2/1.2.0/1ib/python3.6/site-
packages/chainer/training/updaters/multiprocess parallel updater.py:141: UserWarning: optimizer.lr is changed to 0.025 by
MultiprocessParallelUpdater for new batch size.

format(optimizer.1r))

epoch main/loss  validation/main/loss main/accuracy validat] Iﬁl%'ffIZ'C‘ZGPU'fE'Bt
1 3.03633 2.34811 0.107813 0.10664] . = —
87.7image/sec.EER(C

(HPES)
4 2.83194 2.33467 #.09375 9. 100781 114.008

Throughput: 87.71081415935855 [images/sec.] (10000 / 114.011026985012)
I
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VI FGPUTDFERITHER

Start a training script using single GPU.
# Minibatch-size: 32

# epoch:

Using CIFAR10 dataset: /lustre/gt@@/share/lecture/20180531 dl_intro/datasat i aisant 228 mn oialda a2
— = =]

epoch main/loss validation/main/loss main/accuracy validat] ‘/\/OJI/GPUO)%'%(I

1 3.69785 2.37116 0.111551 0.100781 v IR »

(B 50epochTHZEALRAL

50 0 _344069 1_94607 A_882A12 A _417578 2394.26

Throughput: 52.20790861389455 [images/sec.] (125000 / 2394.2732685279916
Start a training script using multiple GPUs.

# GPUs: 2

# Minibatch-size: 32

# epoch:

Using CIFAR10 dataset: /lustre/gt@@/share/lecture/20180531_dl intro/dataset//cifarl@_256px_5p.pickle.gz
{'main': @, 'gpul': 1}
/lustre/app/acc/cuda9/chainermn/ofed4.2/1.2.0/1ib/python3.6/site-
packages/chainer/training/updaters/multiprocess parallel updater.py:141: UserWarning: optimizer.lr is changed to 0.025 by
MultiprocessParallelUpdater for new batch size.

format(optimizer.1lr))

epoch main/loss validation/main/loss main/accuracy validati 50epoch|§|§'<‘:2GPU("‘

1 3.08727 4.65611 0.107031 0.09101°" .

() 96.3images/sec.DfJ1.841%
1%) 0.338263 2.01606 0.888622 0.432031 1297.95

Throughput: 96.30540731984837 [images/sec.] (125000 / 1297.9541178290383
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VIWF)—-RTFEBIITERT

UTDEZEZTT TSE3,
run_multi_node_training.shDEITIRIZIEEZ ek

train_cifar_multi_node.py(/C[PUT YOUR CODEl&£WSEIFAA
HdDT, ESHZTIOY ILZTEMEED

AOVTRNOAEIESE T UIEBEST
gsub -j oe run_multi_node_training.sh
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3T AIUT'h

NIVF)— R OSRAHETE

FAR—RREDINGA=HL. LU T %
1021 JXEYI0THEE

« select /—REX

* mpiprocs mpiJdOTAE//—R

« ompthreads ALYRE/JOEX

J—RZEIC2GPUT2)—REEDT
f5]) -1 select=2:mpiprocs=2




AOVUD MOZEEEM(Z3T AIVUTD)

1 #!/bin/sh

2 #PBS -g h-tutorial
#PBS -l XXXXXX

4 #PBS -W group Llist=gtoo
#PBS -L walltime=00:10:00

J— R ERIETE

5
6 #PBS -N multi node training
7/
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AVVU MOZEEEPR(PYTHON; 1/2)

68 # Setup multi-node communicator.

comm = chainermn ate communicator(args.communicator)

70 device = """
71 assert device >= @, "invalid device MPIthZ’l $E€%Iﬂ‘7‘j\ th
72

=
73 if comm.mpi_comm.rank == @: td)GPU%%UDéT%D\}EE
74 print('= === === ====================
75 print('Num process (COMM_WORLD): {}'.format(MPI.COMM WORLD.Get size()))

orint('Using GPUs")

— —
—9(1¥E*E é 0) int('Using {} communicator'.format(args.communicator))
int( 'Num Minibatch-size: {}'.format(args.batchsize))

thxd)aj int('Num epoch: {}".format(args.epoch))
O0— K9 3L 54

if "

Kle dataset: {}'.format(args.dataset))
3in, test = dataset_cifarle.load_cifarie(args.dataset)

%thZ(: asize = len(train) * args.epoch
?\_g%ﬁ@a ost one, None

ainermn.”"""PUT YOUR CODE"
taermn. """ "PUT YOUR CODE"""(test,

""(train, colym, shuffle=True, max_buf len=1024 * 1024 * 1924)
s shuffle=True, max_buf len=1624 * 1824 * 1824)

< e
32 LEARNING
nviDIA  INSTITUTE




AVVUT MOZEEEPR(PYTHON; 2/2)

92

93 train_iter = chainer.iterators.Seriallterator(train, args.batchsize)

94 test _iter = chainer.iterators.Seriallterator(test, args.batchsize,

as repeat=False, shuffle=False)
96

97 class labels = 18

93 model = L.Classifier(models.vaG.VGG(class labels))

if device »= 0

chainer.cuda.get device(device).use()

IVFJ— REIFREIFC
sE{tO0>vo%E5v T

model.to gpu()

Gte TIE =1 = = " Ly

tandard Chainer optimizer.

—_—
optimizer = chainermn.”""PUT YOUR CODE"""(

165 iner.optimizers.MomentumsGD(@.@5

166 optimizer.setup(model)

187 optimizer.add_hook(chainer.optimizer.WeightDecay(5e-4))

108

training.StandardUpdater(train_iter, optimizer, device=device)

oo | x'r . —

7)[/ ’ j_ Fiﬁiﬂt\\ ﬁt}]((_ training.Trainer(updater, (args.epoch, 'epoch'), out=args.out)
— N — —
=\|/ ’
E:F4ﬁh\§b <J:97“J pate a multi node evaluator from a standard Chainer evaluator.

evaluator = extensions.Evaluator(test iter, model, device=device)

evaluator = """PUT YOUR COD 33 r%;\ FI\IIESETEI'T\{IJ'%
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communicator.rank
J—h—ID(JOTXRID)&EUS
communicator.intra_rank
J—RARAOTOLAIDZEYS
/—RR2J0EAT, 2/—-MERADIZE DA
J—R1: rank=0&intra_rank=0, rank=1&intra_rank=1
J—BR2: rank=2&intra_rank=0, rank=3&intra_rank=1
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GPULTOTR: J—

RN270t X, 2.)—ROAl

J—R#0

32GiB DDR4-2400 X 4

r

Vv

|

1B

2.1GHz 18core
=

32GiB DDR4-2400 X 4

Broadwell-EP
2.1GHz 18core

Broadwell-EP

intell inside”
s }
. Xeon

‘ |@ inside”

Xeon

PCle3 x16

PCle3 x16

HCA

J—R#1

32GiB DDR4-2400 X 4

Broadwell-EP
2.1GHz 18core
r ~N

IIIII

Broadwell-EP
2.1GHz 18core

r ~
intell inside

T | FOR 1B x1

aaaaa

32GiB DDR4-2400 X 4

Intra_rank=1
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Forward
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CHAINERMN®API

DEVFEE R DAPI

chainermn.scatter dataset(dataset, comm,
shuffle)

F—5tyMERBILT, &TOERIER

chainermn.create multi node optimizer(actual op
timizer, communicator)

NIVF)—RIRIBETEHET B4, optimizerz3vT

chainermn.create multi node evaluator(actual ev
aluator, communicator)

JIVF)—RIRIBTENEI DL, evaluatorzsv) 37 D B



http://chainermn.readthedocs.io/en/latest/reference/index.html#chainermn.scatter_dataset
http://chainermn.readthedocs.io/en/latest/reference/index.html#chainermn.create_multi_node_optimizer
http://chainermn.readthedocs.io/en/latest/reference/index.html#chainermn.create_multi_node_evaluator
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AU MOEEER(ER; 3T AIUTH)

1
2

i:::%EES -L seLectzz:mplpPocs=2:ompthreaqug_;>

#1/bin/sh #PBS -1 select=2:mpiprocs=2:ompthreads=1
#PBS -q h-tutorid

#PBS -W group L1ST=gtoo
#PBS -L walltime=00:10:00

#PBS -N multi_node training

ChainerMN(Empirund¥> RE{E>TEH)

mpirun \

--mca pml “yalla --mca mtl “mxm --mca coll ~hcoll --mca btl openib want cuda ¢

--mca mpl warn_on_fork o \

./get _lodal rank_ompi.sh \

ain_cifar_multi node.py --no_snapshot --epoch 4 --batchsize 32 --comn
OGDIR}/multi node_log $(date +%s).txt 2>&1




AOVT MNOEEBER(ER; 1/2)

68 # Setup multi-node communicator.

eate communicator(args.communicator)

assert device »= 0, 'invalid de

7 device = comm.intra_rank

73 if comm.mpi_comm.rank ==
74 print('= === === ====================
75 print('Num process (COMM_WORLD): {}'.format(MPI.COMM WORLD.Get size()))
76 print('Using GPUs")
77 print('Using {} communicator'.format(args.communicator))
print( 'Num Minibatch-size: {}'.format(args.batchsize))

epoch: {}'.format(a

train=Chainermn.scatter_dataset
(train, comm, shuffle=True, ...)

N tcst-Chainermn.scatter_dataset

85 orint('Using CIFAR4
86 train, test = dataset_cifarié
. . (test, comm, shuffle=True, ...)
87 datasize = len(train) * args.&
88 else:
89 train, one, None
90 train = ¢hainermn.”""PUT YOUR CODE"""(train, coym, shuffle=True, max_buf len=1024 * 1824 * 1024)
Sl test = } mn."""PUT YOUR CODE"""(test, cerm, shuffle=True, max_buf len=1624 * 1924 * 1824) DEEP

40 LEARNING
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AVUID MOEEEPR(ZEX; 2/2)

93 train_iter = chainer.iterators.Seriallterator(train, args.batchsize)

94 test _iter = chainer.iterators.Seriallterator(test, args.batchsize,

95 repeat=False, shuffle=ralse)
96

87 class labels = 10

optimizer=Chainermn.create multi node optimizery

chainer.optimizers.MomentumSGD(0.05), comm)

# Create e S ainer optimizer.
104 @inermn. """PUT YOUR CODE"""(
165 iner.optimizers.MomentumsGD(@.05) Qg

106 optimizer.setup(model)

optimizer.add hook(chainer.optimizer.WeightDecay(5e-4))

evaluator=Chainermn.create_multi node_evaluator
(evaluator, comm)

# Create a multi node evaluator frog

er, model, device=device)

DEEP
41 LEARNING
NVIDIA.  INSTITUTE

evaluator = """PUT YOUR CODE"""




YIVF/) - RFTOFERITER

[1527482343.161277] [a080:11782:0] sys.c:744 MXM WARN Conflicting CPU frequencies detected,
using: 2600.39
(HPE)

Start a training script using multiple nodes.

Num process (COMM_WORLD): 4
Using GPUs

Using hierarchical communicator
Num Minibatch-size: 32

Num epoch: 4

Using CIFAR10 dataset:

/lustre/gto0/share/lecture/20180531 dl intro/dataset//cifarle A7 ™'

epoch main/loss  validation/main/loss main/accuracy Rk = .

1 2.60504 142.057 0.115625 2/ I\XZGPU_C1734]m§ge/5eC
2 2.7311 2.31962 8.129688 (XF1GPUT3.3515)

3 2.80991 2.37229 0.115132 Lo PO

4 2.8726 2.36062 0.126563 0.1047 57.6684

Throughput: 173.3976045844656 [images/sec.] (10000 / 57.670923563011456)
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http://chainermn.readthedocs.io/en/latest/reference/index.html#chainermn.create_communicator

(FYD) gD BS LSICHB W EE(C

T AICPUERLIINTLSHEN EMES SR, TOI7{ S EIRILN
3

Y>> REnvprof
fEROB]RALIC(E Z{E5

FKITIBIIWRIV RFemd(CXF U, nvprof -o ${resultfile} cmd&
INIFOK

AT23>--profile-child-processes#iBIld 2L FIOTABIBIICES

FIOERmBESEEF. HAT7MIIN&(C%prEDHD (T &(ICTOtXID%E
S8HBD)
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https://developer.nvidia.com/nvidia-visual-profiler

(FYI) TERED BS LSRN EE(C
JOT74 3L 28R4

=/, I
94s 9455 955 9555 96s 9.65s 97 s 9755 98s 9855 99s %1 I

3> )GPUTD

= Thread 3987625792

- Rurtime AP B0 W O 0RO | RN | (W] RN USRS | BNENCTNEN BTN NN N B 0 (|
- Driver AP | . T | BEN | EENE | | N ) (NI

Profiling Overhead

= [0] Tesla P100-SXM2-16GB

= Context 1 (CUDA)

-7 MemCpy (HtoD) | |
=T MemCpy (DtoH)
# Streams

NJLFGPUTD

=/, I
935s 94s 945 5 955 955¢ 96s 9655 a7s 9755 985 985s %1 I

= Thread 3987625792

* Runtime A1 {0000 0NN 0 M1l |
* Driver AP [N (01T OO 0ot OO O [ IR _—nmm

Profiling Overhead |
= [0] Tesla P100-SXM2-16GB

S Context 1 (CUDA)

* 7 MemCpy (HtoD) [ | | N |

=T MemCpy (DtoH)
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= Process eifarTU_2ZSepe_USppicke gz (784] !

= Thread 225441536
* Runtime API
- Driver APl
Profiling Overhead
= [0] TITAN X {Pascal)

= Context 1 (CUDA)

void ReduceKemel<int=256, int=8, FuncSum <float>, float>(KernelArgs<FuncSum<float>>)

Queued n/a
Submitted n/a
Start 532995 s (5,329,951,80...

aul
[1.111

End 5.3557 5 (5,355.703,264...
I Duration 25.75146 ms (25,751,46..,

5355 10.54 5 10545 5
= Process “cifar10_256px_0.5p.pickle.gz” (—
=l Thread 3987625792
* Runtime API
~ Driver API
Profiling Overhead
= [0] Tesla P100-SXM2-16GB

H Contest 1 (CUDA)

=T MemCpy (HtoD) = MemCpy (HtoD)
=T MemCpy (DtoH) =T MemCpy (DtoH)
+ Compute <int=256, int=8, FuncSum <float>, float>(... E Compute
< <
© Properties | Analysis| B GPU Details (Summary) = CPU Details ™ OpenACC Details & Console 7 Settings | T Properties

ReduceKernel <

¢ |7 Analysis B GPU Details (Summary) = CPU Details| ™ OpenACC Details & Console  Settings|
void ReduceKernel <int=128, int=8, FuncSum <float>, float> (KernelArgs<FuncSum <fl¢

Em 1
Duration 7.38688 ms (7,386,880 l

GPURSIE(EDH)

10555

Queued nfa
Submitted n/a (
Start 10.5445 s (10,544,501,8... (& _\_[_

Detault
[4111

Stream
Grid Size

25msec. f2fE

Mo T3
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