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gﬁ\gé}‘f‘, define comm. define comm. focus on data-

implicitly explicitly parallelism

——————————————————

SEAFED | strategy list:

1 PS, AllIReduce
T )l 2k :TensorFIow
l
E(SE | gRPC, libRDMA,
1 NCCL
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TensorFlow

TensorFlowBIIANERIAPISE #5122 414951

Training API MirroredStrategy TPUStrategy
Keras API Supported Experimental
support
Custom training Experimental Experimental
loop support support
Estimator API Limited Support Not supported

https://www.tensorflow.org/guide/distributed_training

MultiWorker-
MirroredStrategy

Experimental
support

Support planned
post 2.0

Limited Support

PIURE

oxr

(distributed strategies)

CentralStorage- ParameterServer- :

Strategy Strategy OneDeviceStrategy
Experimental Supported planned

support post 2.0 Supported
Support planned

oost 2.0 No support yet Supported

Limited Support Limited Support Limited Support



TensorFlow

TensorFlowB1ERRZAS(vO.8)FFNIIN T EFSEPR5ZES 'Parameter
Server' 899502k

Bi%: ZworkeriFH{TAMITE, oHILEESH

https://www.tensorflow.org/guide/distributed_training



1 TensorFlow

TensorFlowZ=Z{R55 28
- TENTEE
IBETRIEE (PSworker)
Worker 85" [RIREL"1Z4E
- PFUYTIRE
ISR job_name: ps/worker

iIgEindex: BE2&% )11 ps/worker

P&

https://www.tensorflow.org/guide/distributed_training

tf.train.ClusterSpec({
“worker”: [
“worker@.example

1,

((pS)): [
“ps@.example.com
“psl.example.com

3D

if job_name == “ps”:
server.join()
elif job_name == “worker”:

JComs22227,
“workerl.example.
“worker2.example.

com: 2222,
comi:2222”,

$2222%,
22227,
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https://www.tensorflow.org/guide/distributed_training
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TensorFlow
X = tf.placeholder (tf.float32)
y = tf.placeholder (tf.float32)
z = tf.placeholder (tf.float32)
a=x%*y
b=a+ 2z
c = tf.reduce_sum(b)

grad x,grad y,grad z = tf.gradients(c, [x,y,z])

with tf.Session() as sess:
sess.run([grad z], feed dict=values)
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TensorFlow

@53
FRXIRUE(S Send/Recv
gRPC (TCP/IP)
gRPC (TCP for tensor metadata, RDMA for payload)
ATUIE(S All-Reduce
gRPC (TCP/IP) //CollectiveCommunication.RING
nvidia NCCL (GPUDirect RDMA)
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O PyTorch

PyTorch [&]F=

A

2 RYRBE 5

[0, ]

[ Rank 0

[]

=

/IIIIF

ATUE(E

[]

ez |

[0, ]

Rank 3 }




O PyTorch

PyTorch FAXIRIB(S

o] LASCI
a0

FisERIREIZSsend/recy

rank O send -> rank 1 recv

https.//pytorch.org/tutorials/intermediate/dist_tuto.html

"""Blocking point-to-point communication."""

def run(rank, size):

tensor = torch.zeros(1)

if rank == 0:
tensor += 1
# Send the tensor to process 1
dist.send(tensor=tensor, dst=1)

else:
# Receive tensor from process 0O
dist.recv(tensor=tensor, src=0)

print('Rank ', rank, ' has data ', tensox[0])



O PyTorch

\ — =
PyTorCh ,\ﬁ\yj,\ﬁ\\lé E (Ed/) """Non-blocking point-to-point communication."""

def run(zxank, size):
tensor = torch.zeros(1)

A LASEH B ERERIF 2 send/recy P e
tensor += 1

15!]9” : # Send the tensor to process 1

req = dist.isend(tensor=tensor, dst=1)

rank O Send -> rank 1 ,"eCV print('Rank O started sending')

else:

# Receive tensor from process @
req = dist.irecv(tensor=tensor, src=0)
print('Rank 1 started receiving')
req.wait()
print('Rank ', rank, ' has data ', tensor[0])

https.//pytorch.org/tutorials/intermediate/dist_tuto.html



[tO, t1, t2, t3] [tO, ] [t1,] [t2,] [t3,]

m [RankO] [Rank1] [Rankz] [Rank3]

O PyTorch
chEiE S

[ Rank 0 ] [ Rank 1 } [ Rank 2 J [ Rank 3 }

[to, ] [l (2] [t3,] [t0, t1, t2, 13]

PyTorch &

AT

Scatter Gather

[0, ] [t1.] [2.] [t3, ] [t0,] [.] (2] [t3,]
{ Rank 0 ] [ Rank 1 } [ Rank 2 ] [ Rank 3 } (Ranko] (Rank1 ] [RankZ} ( Rank 3 }

—X§2%: Scatter / Broadcast
gx{r— Gather / Reduce Rank 0 Rank0 | [ Rankt | [ Rank2 | | Rank3 |

23352 All-Reduce / AllGather o

[T =10+ 1+{2+t3] [T =tO+{1+12+t3] [T =10+ 1+2+t3] [T = tO+11+{2+t3]

Reduce All-Reduce
[0, ] [0, ] [t1,] [t2,] [t3,]
Rank 0 [ Rank 0 ] [ Rank 1 ] [ Rank 2 ] [ Rank 3 ]
[ Rank 0 ] [ Rank 1 ] [ Rank 2 ] [ Rank 3 ] [ Ranko] [ Rank 1 ] [ Rank 2 ] [ Rank 3 ]
[tO, ] [tO, ] [tO, ] [tO, ] [t0, t1, t2, t3] [tO, t1, t2, t3] [tO, t1,t2, t3] [tO, t1, t2, t3]

https://pytorch.org/tutorials/intermediate/dist_tuto.html Broadcast All-Gather



O PyTorch
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PyTO ch 5 5]:  All-Reduce

" All-Reduce example."""
def run(rank, size):
" Simple point-to-point communication. """

—X§2%: Scatter / Broadcast

group = dist.new_group([0, 1])

= — tensor = torch.ones(1)
yyr.l- . Gather / Reduce dist.all_reduce(tensor, op=dist.reduce_op.SUM, group=group)
225 All-Reduce / AllGather print('Rank ', rank, ' has data ', tensor[6])

https.//pytorch.org/tutorials/intermediate/dist_tuto.html
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Bl 3 FRTUMNIST

Distributed Synchronous SGD Example

def run(rank, size):

torch.manual_seed(1234)

train_set, bsz = partition_dataset()

model = Net()

optimizer = optim.SGD(model.parameters(),
1r=0.01, momentum=0.5)

num_batches = ceil(len(train_set.dataset) / float(bsz))

for epoch in range(10):
epoch_loss = 0.0
for data, target in train_set:
optimizer.zero_grad()
output = model(data)
loss = F.nll_loss(output, target)

""" Gradient averaging.
def average_gradients(model):
size = float(dist.get_world_size())
for param in model.parameters():

dist.all_reduce(param.grad.data, op=dist.reduce_op.SUM)

param.grad.data /= size

epoch_loss += loss.item()

> loss.backward()
average_gradients(model)
optimizer.step()

print('Rank ', dist.get_rank(), ', epoch ',

epoch, , epoch_loss / num_batches)
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Horovod

"Horovod s a distributed deep learning training framework for
TensorFlow, Keras, PyTorch, and Apache MXNet. The goal of Horovod is

to make distributed deep learning fast and easy to use.”
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Horovod
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Data Store

Training Process

L]

Gradients

Averaged
Gradients

1. Rea.d Data

Training Process

y

Gradients

Averaged
Gradients

Training Process

2. Compute Model
Updates (Gradients)

Gradients

Averaged
Gradients

N L)

3. Average Gradients 4, Updaie Model



# Initialize Horovod
I I d hvd.init()
# Pin GPU to be used to process local rank (one GPU per process)
config = tf.ConfigProto()
config.gpu_options.visible_device_list = str(hvd.local_rank())

—
' I L.
y, TR # Build model...

loss = ...
opt = tf.train.AdagradOptimizer(©.61 * hvd.size())

# Add Horovod Distributed Optimizer

° *Eﬁ:l.l{‘%ﬁgﬂ%aﬁ opt = hvd.DistributedOptimizer(opt)

# Add hook to broadcast variables from rank 8 to all other processes during

opt = DistributedOptimizer(opt) # initialization.

hooks = [hvd.BroadcastGlobalVariablesHook(®@)]

# Make training operation
train_op = opt.minimize(loss)

=TT _—
- TREHAT
= # Save checkpoints only on worker © to prevent other workers from corrupting them.

checkpoint_dir = "/tmp/train_logs' if hvd.rank() == @ else None

mpirun —n <worker number> train.py

# The MonitoredTrainingSession takes care of session initialization,
# restoring from a checkpoint, saving to a checkpoint, and closing when done
# or an error occurs.
with tf.train.MonitoredTrainingSession(checkpoint_dir=checkpoint_dir,
config=config,
hooks=hooks) as mon_sess:
while not mon_sess.should_stop():
# Perform synchronous training.
mon_sess.run(train_op)



Horovod SEIR

181 DistributedOptimizer A gradient allreduceiZ4g
TensorFlow:

{HNIE(E allreduce operator
PyTorch:

HNIB(S allreduce BREY

IEEAR%—HYallreduceTNBERRELR
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Horovod
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« MP]
WA, \JIEA Open-MPI, MVAPICH2, Intel MPI, etc.
« NCCL
GPUBEML, (NIFEPNIBIE
« Gloo

by Facebook
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 https://www.tensorflow.org/quide/distributed training
 https://pytorch.org/tutorials/intermediate/dist tuto.html

« Sergeev et.al., Horovod: fast and easy distributed deep learning in TensorFlow
* https://eng.uber.com/horovod/

« https://www.slideshare.net/AlexanderSergeev4/horovod-distributed-tensorflow-
made-easy



https://www.tensorflow.org/guide/distributed_training
https://pytorch.org/tutorials/intermediate/dist_tuto.html
https://eng.uber.com/horovod/
https://www.slideshare.net/AlexanderSergeev4/horovod-distributed-tensorflow-made-easy
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TensorFlow
X = tf.placeholder (tf.float32)
y = tf.placeholder (tf.float32)
z = tf.placeholder (tf.float32)
a=x%*y
b=a+ 2z
c = tf.reduce_sum(b)

grad x,grad y,grad z = tf.gradients(c, [x,y,z])

with tf.Session() as sess:
sess.run([grad z], feed dict=values)
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