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The Status Quo of Benchmarking Deep Learning Optimizers

far from optimal!

Everyone creates their own benchmark Doing proper benchmarks requires time

<~ Repeated work (including bugs) Q Use of rather small test problems (MNIST)
&fe Benchmarks are not comparable (not even the a8 Use only a few test problems
metric) € Own optimizer gets more attention than the

#2% Potential for cherry-picking competition



The Goal of DeepOBS

we are not quite there yet!

1. Run the optimizer on a test problem
2. Compare to the state of the art
3. Plot the results



Running your Optimizer UNIVERSITAT @

...as simple as possible

import tensorflow as tf
from deepobs import tensorflow as tfobs

optimizer_class = tf.train.RMSPropOptimizer
hyperparams = {"learning_rate"”: {"type": float},
"decay": {"type": float, "default”: 0.9}}

runner = tfobs.runners.StandardRunner(optimizer_class, hyperparams)
runner.run()
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Figure: run_rmsprop.py

python run_rmsprop py mnist_mlp - lear

Evaluating after 0 of 100 epochs
TRAIN: loss 353.934
VALID: loss 353.813
TEST: loss 353.447

Evaluating after 1 of 100 epochs
TRAIN: loss 338.48
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Data set Model Description Conv. RNN Drop BN WD
Noisy Beale Noisy version of the Beale function
20 Noisy Branin Noisy version of the Branin function
Noisy Rosenbrock  Noisy version of the Rosenbrock function

Quadratic N-Dimensional 100-dimensional ill-conditioned noisy quadratic
(] Log. Regr. Logistic regression
®  MNIST MLP Four layer fully-connected network
[ ] 2c2d Two conv. and two fully-connected layers v
(] VAE Variational Autoencoder v v
L] Log. Regr. Logistic regression
®  FASHION MLP Four layer fully-connected network
®  MNIST 2c2d Two conv. and two fully-connected layers v
(] VAE Variational Autoencoder v v
[} 3c3d Three conv. and three fully-connected layers v v
® CIFAR-10 VGG 16 Adapted version of VGG 16 v v v
[ ] VGG 19 Adapted version of VGG 19 v v v
(] 3c3d Three conv. and three fully-connected layers v v
[ ] VGG 16 Adapted version of VGG 16 v v v
® CIFAR-100 VGG 19 Adapted version of VGG 19 v v v
[ AII-CNN-C The all convolutional net v 4 v
[} Wide ResNet-40-4  Wide Residual Network v v 7
® SVHN 3c3d Three conv. and three fully-connected layers v v
[ Wide ResNet-16-4  Wide Residual Network v v o/
[ ] VGG 16 VGG 16 v v v
®  IMAGENET VGG 19 VGG 19 v v v
[} Inception-v3 Inception-v3 network v v v 7
® Tolstoi CharRNN Recurrent Neural Network for character-level language modeling v v
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Running your Optimizer UNIVERSITAT

the results
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Tuning your Hyperparameters UNIVERSITAT

...a semi-automated process
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import numpy as np

from torch.optim import SGD

from deepobs.pytorch.runners import StandardRunner
from deepobs.tuner import GridSearch

optimizer_class = SGD
hyperparams = {"1r": {"type": float}}

grid = {"1r": np.logspace(-5, 2, 6)}
tuner = GridSearch(optimizer_class, hyperparams, grid, runner=StandardRunner)

tuner. tune('quadratic_deep', rerun_best_setting=True)



Plotting the Results

deepobs_plot_results results full
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Plotting the Results

deepobs_plot_results result
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P1 Noisy Quadratic

P2 MNIST - VAE

P3 F-MNIST - CNN

P4 CIFAR-10 - CNN
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Plotting the Results

deep

results

Table 2: DEEPOBS benchmark for the baseline optimizers.

‘Test Problem SGD Momentum _ Adam ‘Test Problem SGD Momentum _ Adam
1 Performance [JEE23 Ps Performance 3044
Noisy Speed 45.60 36.90 F-MNIST Speed 93.30
Quadratic  Tuneability ~ a:3.98¢-03 0:3.98¢-04 o: 1.00e01  VAE Tuneability  :398¢:03  0:251e04  a: 1.58e-04
11 0.99 e 1e-08 1:0.99 € 1e-08
£1: 0.9 £1: 0.9
52 0999 Ba: 0999
P2 Performance 5297 P6 Performance [EEE 5434 %
MNIST Speed CIFAR-100 Speed 167.40 194.00
VAE Tuneability  a: 3.98¢03 a: 1.58¢05 a: 1.58-04 ANCNNC  Tuneabiliiy o 1.58¢01 a:3.98¢03  a: 1.00e-03
1:0.99 €: le-0f 99 le-08
0. .
0.999
P3 Performance 92.03 % P7 Performance X
F.MNIST  Speed 51.10 SVHN Speed 40.00
CNN Tuneability  a: 1.58¢-01 a: 1.00e-03  a:251e-04  Wide ResNet Tuneability o 2.51¢-01
12 0.99 e 1e08
09
27 0999
P4 Performance P8 Performance 61.29 %
CIFAR-10  Speed ToLsToI Speed
CNN Tuncability  a: 1.58¢-02 a:3.98¢-04 :251e-04  CharRNN  Tuneability oz 2.51e+00
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BS Stack
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The DeepO

Visualization

Runtime Estimation

Baseline Results

Run Scripts

. tex files of learn-
ing curves for new
optimizer and the
baselines.

Performances re-
sults of the most
popular optimizers.

Optimization perfor-
mance of an opti-
mizer on a specific
test problem.

Losses and ac-
curacy of a deep
learning model.

Pre-processed and
batched data.



The DeepOBS Leaderboard

in progres

deepobs.github.io

Leaderboard
Overview over the current optimizer leaderboard on the DeepOBS test problems. Click on See Full Results to see the plots and tables of the full benchmarking
results.
Quadratic Deep MNIST - VAE F-MNIST - CNN CIFAR-10 - CNN
A 100-dimensional noisy quadratic A basic variational autoencoder for A simple convolutional network for A slightly larger convolutional network
problem with an eigenspectrum the MNIST data set with three the Fashion-MNIST data set, for the Cifar-10 data set, with three
similar to the one reported for deep convolutional and three consisting of two conv and two fully- conv and three fully-connected
neural networks. deconvolutional layers. connected layers. layers.
optimizer  Testloss  Speed optimizer  Testloss  Speed Optimizer  TestAccuracy  Speed Optimizer  TestAccuracy  Speed
s vomenum  ar0s 705 s Agan 24 10 s adam s2aa% 01 s adam wrs% 360
2 adam o 20 n soo s 10 i seo 2219 ws 2 vomemm  saa1o w01
w s 140 su1 w5 womenum 5299 10 5 Momenum  9214% so1 w5 seo sa71% w25
See Full Results. See Full Results { See Full Results | See Full Results |
F-MNIST - VAE CIFAR-100 - All CNN C SVHN - Wide ResNet 16-4 Tolstoi - Char RNN
Abasic variational autoencoder for Variant C of the All Convolutional  The Wide ResNet 16-4 for the Street Arecurrent neural network for
the Fashion-MNIST data setwith  Network from Striving for Simplicity ~ View House Numbers data setusing  character-level language modeling on
three convolutional and three for the CIFAR-100 data set consisting  the variant with 16 conv layers and a the novel War and Peace by Leo
deconvolutional layers. solely of convolutional layers. widening factor of 4. Tolstoy using two LSTM layers.
Optimizer  Testloss  Speed Optimizer  TestAccuracy  Speed Optimizer  TestAccuracy  Speed Optimizer  TestAccuracy  Speed
s Acan 207 10 £ Momemum  6033% 728 # Momemum  9553% 108 s sco 6207% w7
w2 se 280 10 n soo sross 1287 w2 soo 98375 3 2 Momemm  6130% w0
w5 womenum 58z 10 5 Adam s615% 1526 5 Adam 9525% 121 w5 adam w1239 a8
See Full Results. See Full Results ( See Full Results | See Full Results |
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The DeepOBS Leaderboard R
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Overview Table

Final Final Best
BestTest Trai

Test h Tran  Final Best Final Best
Rank Optimizer Accuracy Accuracy Accuracy Accuracy

Test Test Train Train
Loss Loss Loss Loss Seesd

1 Momenum 60.33%  6083%  69.25%  7025% 229 224 179 175 728
2 sep 57.06% 57779  68.48%  69.31% 230 236 174 170 1287
3 Adam 5615%  56.41%  60.89%  6152% 213 212 183 181 1526
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The DeepOBS ecosystem

lots 0 participate

_ Install DeepOBS

pip install deepobs

© PyTorch

Tensor Coming soon

© Check out Github for the Beta of DeepOBS
1.2.0

fsschneider.github.io/DeepOBS


fsschneider.github.io/DeepOBS
deepobs.github.io

