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https://github.com/NVIDIA/apex/tree/master/apex/amp
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from apex.fpl6é utils import FP1l6 Optimizer

N, D in, D out = 64, 1024, 512

x = torch.randn(N, D _in ).cuda() .half()

y = torch.randn(N, D out).cuda() .half()

model = torch.nn.Linear(D_in, D_out) .cuda() .half()

optimizer = torch.optim.SGD (model.parameters(), lr=le-3)
optimizer = FP16 Optimizer (optimizer, dynamic loss_scale=True)

for t in range(500):
y_pred = model (x)

loss = torch.nn.functional.mse loss(y_pred, y)
optimizer.zero grad()

optimizer.backward (loss)
optimizer.step()
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from apex import amp

N, D in, D out = 64, 1024, 512

x = torch.randn(N, D in ) .cuda()

y = torch.randn(N, D out).cuda()

amp handle = amp.init()

model = torch.nn.Linear(D_in, D out) .cuda()

optimizer = torch.optim.SGD (model.parameters (), lr=le-3)

for t in range (500):
y_pred = model (x)

loss = torch.nn.functional.mse loss(y _pred, y)

optimizer.zero grad()

with amp handle.scale loss(loss, optimizer) as scaled loss:

scaled loss.backward()
optimizer.step()
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RRINZER - EliRiR5!

ILSVRC12 classification top-1 accuracy

______ Model | FP32

AlexNet 56.77% 56.93%

VGG-D 65.40% 65.43%
GooglLeNet (Inception v1) 68.33% 68.43%
Inception v2 70.03% 70.02%
Inception v3 73.85% 74.13%

Resnet50 75.92% 76.04%
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EIESER - BRIEETERSE

32bit = float, single precision 16bit = half, half precision

1 8bit 23Dbit 1 Sbit 10bit
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TENSOR CORES

Tensor CoresZA] LATEfp16AYHINE L THRIRIEMESE iz B 45 HI B4R TT
HEECTHESEfp16 , Tensor CorestIEESEERIRNN

HEECTESEfp32 , Tensor CoresR] LURMS(EIEREIRTT
EmREFIERIYFH A E A p16BT B afEATensor Cores

FAF a3 E S & kiEFCUDA , CUDNN , CUBLAS API
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TENSOR CORES

Throughput through matrix operation

D =

FP16 or FP32

FP16 or FP32
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TENSOR CORES
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CONVERT TO FP16

N, D in, D out = 64, 1024, 512

x = torch.randn(N, D _in ) .cuda()
Y torch.randn(N, D out) .cuda()

model = torch.nn.Linear (D in, D out) .cuda()

optimizer = torch.optim.SGD (model.parameters(), lr=le-3)

for t in range(500):
y_pred = model (x)

loss = torch.nn.functional.mse loss(y pred, y)

optimizer.zero grad()
loss.backward ()
optimizer.step()
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CONVERT TO FP16

N, D in, D out = 64, 1024, 512

x = torch.randn(N, D in ) .cuda() .half()
Y torch.randn (N, D out).cuda() .half()

model = torch.nn.Linear(D in, D out).cuda() .half()

optimizer = torch.optim.SGD (model.parameters(), lr=le-3)

for t in range(500):
y_pred = model (x)

loss = torch.nn.functional.mse loss(y pred, y)

optimizer.zero grad()
loss.backward ()
optimizer.step()
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CONVERT TO FP16

N, D in, D out = 64, 1024, 512

x = torch.randn(N, D in ) .cuda()[half()
Y torch.randn (N, D out).cuda().half()

model = torch.nn.Linear (D in, D out).cuda()[half()

optimizer = torch.optim.SGD (model.parameters(), lr=le-3)

for t in range(500):
y_pred = model (x)

loss = torch.nn.functional.mse loss(y pred, y)

optimizer.zero grad()
loss.backward ()
optimizer.step()
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FEEN MR EEIRN P16 , BEEERRERLEATEFP165ER
WA [ f(x)] >> x B ENAEFP32 RiHIT
exp, square, log, and cross-entropy loss

HREEFP16 T~ 2EUERER
RelLU, Sigmoid, Tanh

ot
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HRLY1E Rkt

= t h.cuda.HalfT |(4094).f'll (16.0)
:.Sumcil):'c cuda.Ha ensor ill ‘ 65,504

b = torch.cuda.HalfTensor|(4095)|.£i1l1 (16.0) ‘ . f
b.sum() 1n

a = torch.cuda.HalfTensor|(4095)[.£ill (16.0) ‘ 65 520
)

a.sum(dtype=torch.float32)

Reductions like normalization overflow if > 65,504 is encountered.
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HRLY1E Rkt

N, D in, D out = 64, 1024, 512

x = torch.randn(N, D in ) .cuda() .half()
Y torch.randn (N, D out).cuda() .half()

model = torch.nn.Linear(D in, D out).cuda() .half()

optimizer = torch.optim.SGD (model.parameters(), lr=le-3)

for t in range(500):
y_pred = model (x)

loss = torch.nn.functional.mse loss|(y pred.float(), y.float())

optimizer.zero grad()
loss.backward ()
optimizer.step()
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REDNNELERLRE
1+ 0.0001 =7

FP32:

param = torch.cuda.FloatTensor ([1.0]) ‘ 1 . 0001

print(param + 0.0001)

FP16:

param = torch.cuda.HalfTensor ([1.0]) ‘ 1

print|(param + 0.0001)

When update/param < 2-1, updates have no effect.
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N, D in, D out = 64, 1024, 512

x = Variable(torch.randn(N, D _in )) .cuda() .half()
y = Variable(torch.randn(N, D out)) .cuda() .half ()

model = torch.nn.Linear(D in, D out).cuda() .half()

optimizer = torch.optim.SGD|(model.parameters ()|, lr=le-3)

for t in range(500):
y_pred = model (x)

loss = torch.nn.functional.mse loss(y pred, y)

optimizer.zero grad() Z@XUL{E /J \Elfg FP1 6;‘;215%%}?%

loss.backward ()
optimizer.step()

JNREMERX
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EaE e 22 FP32 MASTER WEIGHTS

4. Apply
FP32 Master FP32 Master
Weights
FP16

3.
Gradients Q
5. Co
pyl Gradients

G—
P16 mEmMMm)  FP16 Loss /\(\Q(OQ

Weights 2C
1.9

1. Forward Pass

33 <INVIDIA.



FP16|a)gi2 : & it ( UNDERFLOW )

Percentage of all activation gradient values
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FP16 Representable range
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-4 -

FP16 denorms

>
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RafEEMREE : LOSS SCALING

Weights

FP32 Master _

5. Remove scale,

6. Apply

/. Copy

FP16
Weights

FP32 Gradients

—

1. Forward Pass

FP32 ‘
Loss

2. Loss Scaling

(+clip, etc.)

—

Scaled
FP32
Gradients

Scaled FP32
Loss

<.

Q

Scaled
FP16
Gradients
of
VO
ac
2.9
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https://github.com/NVIDIA/apex/tree/master/apex/amp

FP16 Optimizer

N, D in, D out = 64, 1024, 512

x = Variable (torch.randn(N, D _in )) .cuda() .half()
y = Variable (torch.randn(N, D out)) .cuda() .half()
model = torch.nn.Linear(D_in, D_out) .cuda() .half()

optimizer = torch.optim.SGD (model.parameters (), lr=le-3)

True

for t in range(500):
y_pred = model (x)

loss = torch.nn.functional.mse loss(y_pred, y)

optimizer.zero grad()

optimizer.step()



FP16 Optimizer

from apex.fpl6é utils import FP16 Optimizer

N, D in, D out = 64, 1024, 512

x = Variable(torch.randn(N, D in )).cuda() .half()
y = Variable (torch.randn(N, D out)).cuda() .half ()
model = torch.nn.Linear(D_in, D out).cuda() .half()

—_—

optimizer = torch.optim.SGD (model.parameters (), lr=le-3) . #IEaitmaster weight
optimizer = FP16 Optimizer (optimizer, dynamic loss scale=True) 2. <optimizerf§@&Bmaster weightfd
fp16_optimizer
for t in range(500):
y_pred = model (x)

loss = torch.nn.functional.mse loss(y_pred, y)

optimizer.zero_ grad()

scaled_loss = loss*loss_scale

EWERHITscaled_loss.backward(), itE & EEREFERkscaled gradientsfFA.grad
tuBgradients@ S Limit

Exmt, FitE R p16 SEER M fp32F - ffidownscale

optimizer.backward (loss)

AWN -

o 1. SR MEISEE RS , BE RS AR
optimizer.step() 2. BT, Ffp32SfE it p32iiE-- T REBAIfp32_optimizer.step()
3. BEHEMpIAEENFHEERRMIP16 , f2Amodel.parameters() BT F—5Iig



AMP

from apex import amp

N, D in, D out = 64, 1024, 512

X = Variable (torch.randn(N, D in )) .cuda()
y = Variable (torch.randn(N, D out)) .cuda()
amp handle = amp.init()

model = torch.nn.Linear(D_in, D _out) .cuda()

optimizer = torch.optim.SGD (model.parameters (), lr=le-3)

for t in range(500):
y_pred = model (x)

loss = torch.nn.functional.mse loss(y_pred, y)
optimizer.zero_grad()

with amp handle.scale loss(loss, optimizer) as scaled loss:
scaled loss.backward()

optimizer.step()



AMP (Z2HEiRSHRETR)

import torch

from apex import amp Conceptual operation:

for func in whitelist:
def wrapped func(input):
amp.init() return torch. func( )
patch torch. func to wrapped func

amp handle

for func in blacklist:
def wrapped func (input)
return torch.func(input.float())
patch torch. func to wrapped func

2 FF/R: https://github.com/NVIDIA/apex.git
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AMP LISTS (TORCH OVERRIDES)

FP32 Functions

Pointwise (range)
* exp, log, log10, pow, sqrt... and many more

Reduction (error accumulation)
« cumprod, cumsum, mean, norm, std, sum, var

FP16 Functions

Tensor Core Functions

« conv1d, conv2d, conv3d

« conv_transpose1d, conv_transpose2d, conv_transpose2d
« addmm, addmyv, addr, matmul, mm, mv

https://github.com/NVIDIA/apex/tree/master/apex/amp/lists

42 NVIDIA.






APEX

ApexZPyTorchflUFRREY B , EERNVIDIAFA
EZIHEe |, FEMAEFOSE , BB = rE S wak
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https://github.com/NVIDIA/Apex
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Paulius Micikevicius's talk “Training Neural Networks with Mixed
Precision: Theory and Practice” (GTC 2018, S8923).

"Mixed Precision Training” (ICLR 2018).

"Mixed- Precision Training of Deep Neural Networks"™ (NVIDIA Parallel
Forall Blog).

"Training with Mixed Precision” (NVIDIA User Guide).

46 <ANVIDIA.


https://openreview.net/pdf?id=r1gs9JgRZ
https://devblogs.nvidia.com/mixed-precision-training-deep-neural-networks/
https://docs.nvidia.com/deeplearning/sdk/pdf/Training-Mixed-Precision-User-Guide.pdf
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