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Where can you get help?

+

O & colab.research.go com,

) 07_pytorch_experiment_tracking.ipynb
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~ 07. PyTorch Experiment Tracking LN doubt, ruum, the GOd&"

Note: This notebook uses torchvision's upcoming mul rt AP| (coming.in t v n v0.13).
As of June 2022, it requires the nightly versions of PyTorch and torchvision be installed.

Once torchvision v0.13 becomes the standard (not nightly), the nightly version of torchvision will no longer need to be
installed.

o
We've trained a fair few models now on the journey to making FoodVision Mini (an image classification model to classify images of pizza,
And so far we've keep track of them via Python dictionaries.

Or just comparing them by the metric print outs during training.

What if you wanted to run a dozen (or more) different models at once?

Surely there's a better way...
oy s X IEB

There is.
& colab.research.google.com/gitt nrdbe

Experiment tracking.

o
I y I O I y o U I S e And since experiment tracking is so important and integral to machine learning, you can consider this notebook your first milestone
project.

0Os completed at 13:31
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ier = torch.nn.Sequential(
nn.Dropout (p=0.2, inplac (class) Sequential

. nn.Llinear(in_features=12
out_features=1 )
e A sequential container.
y bias=True).to( X o
Modules will be added to it in the order they are passed in the
constructor. Alternatively, an OrderedDict of modules can be

Base layers frozen, classifier head changed, | passed in. The forward() method of Sequential accepts any
input and forwards it to the first module it contains. It then
“chains" outputs to inputs sequentially for each subsequent module,
rt summar] finally returning the output of the last module.
The value a Sequential provides over manually calling a sequence
he mod)] of modules is that it allows treating the whole container as a
single module, such that performing a transformation on the

anisal oAk,

from torchinfo impo
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Indices and tables

¥ PyTorch is an optimized tensor library for deep learning using GPUs and CPUs.
otes [+

Language Bindings Features described in this documentation are classified by release status:
anguage dings

Python API Stable: These features will be maintained long-term and there
should generally be no major performance limitations or gaps in
documentation. We also expect to maintain backwards

New Top: All » Label ~ Filter ~ compatibility (although breaking changes can happen and notice

will be given one release ahead of time).

Categories Discussions
Beta: These features are tagged as Beta because the APl may

change based on user feedback, because the performance n

Welcome to pytorch-deep-learning Discussions!

ibourke a nceme

to improve, or because coverage across operators is not yet
complete. For Beta features, we are committing to seeing the
feature through to the Stable classification. We are not, however,
committing to backwards compatibility.

Prototype: These features are typically not available as part of
binary distributions like PyPI or Conda, except sometimes behind
run-time flags, and are at an early stage for feedback and testing.

https://www.github.com/mrdbourke/pytorch-deep-learning/discussions



https://www.github.com/mrdbourke/pytorch-deep-learning/discussions

“What is experiment tracking?”

How do | know which of my models has done the best...?



How to approach this course

# 1. Construct a model class that subclasses nn.Module : :
class CircleModelV@(nn.Module): . . - ’\/\c>{:t:c> ié&:g;:
def __init__(self): - ° .
super() _init_ ()

: Vvisualize, visualize, visualize!

self layer 1 = nn.Linear(in_features=2, out_features=5)
self.layer_2 = nn.Linear(in_features=5, out_features=1)

~ ~ ~ |
# 3. Define a forward method containing the forward pass computation |
def forward(self, x):
# Pass the data through both 1z
return self.layer_ 2(se1f 1ayer (x))

# 4. Lreate an 1nstance 'CJV]: the model and send it to target device
model_0 = CircleModelVe().to(device)
model_0

‘
./
1. Code along m‘

Y bt. run the code! : : 3. Visualize what you
Motto #: L Ln dow S experiment : don’t understand

: (tncluding the

. ”dl/(.VVLb” OV\ICS)

4. Ask questions 5. Do the exercises 6. Share your work



“Why track experiments?”



Experiment tracking can quickly
get out of hand...

results
model 1 results

model 2 results
model 1 results v2
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How do | know which one of my
models performs the best?

O results

1T model 1 results

2 model 2 results

3 model 1 results v2 «\\\\\\\\\\\\

4 model_2_results_v2 = - wWhat should L try less of?

5 model 2 results v3 <«

6 model 2 results v3

7 2022-07-07-model 3 results vl

8 2022-07-07-model 3 results vl experiment 5 what should ( try more of?
9 2022-0/7-0/-model 3 results v2 big model 25 epochs

10 2022-0/7-07-model 4 results vl big model 25 epochs 20 percent data

11 2022-07-07-mod
12 2022-0/7-07-moc

13 2022-07-07-mocC

l 4 results vl big model 25 epochs 20 percent data new model
L 4 results v2 big model feature extractor 30 epochs 20 percent data no drac

m M M @d @d M
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=

Python dictionaries, CSV files, print outs.

== w24di;jsh — batch 64 local — batch 6

j2, 5K train)
tch 64 1 GPU

Step Time (hours)

0 10 20 30 40 5 10 15 20 25 30

GPU Utilization (%) val_acc

Showing first 10 ru Showing first 10 rur

= bat €4 local = batch 64 (¥2, 5K train)

batch 64 1 GPU

-= batch 64 1 GPU 31: 0.4206
— batch 64 local 0.4167

joa [ Znuks epock

Weights & Biases
Source: https://wandb.ai/site/experiment-tracking

Search: “track meachine
Learwiwg e)qaerimewts"

Show data download links Accuracy

% Ignore outliers in chart scaling
Accura

Tooltip sorting method: default

2022-06-05/data_10_percent/effnetb0/10_epochs/Loss_test_loss
2022-06-05/data_10_percent/effnetb0/5_epochs/Loss_test_loss
2022-06-05/data_10_percent/effnetb2/10_epochs/Loss_test_loss
2022-06-05/data_10_percent/effnetb2/5_epochs/Loss_test_loss
2022-06-05/data_20_percent/effnetb0/10_epochs/Loss_test_loss
2022-06-05/data_20_percent/effnetb0/5_epochs/Loss_test_loss
2022-06-05/data_20_percent/effnetb2/10_epochs/Loss_test_loss
/effnetb 2022-06-05/data_20_percent/effnetb2/5_epochs/Loss_test_loss

/effnetb2/5
effnetb0/1
ffnetb0/1

/effnetb2/1

TensorBoard

Smoothed
0.465
0.5689
0.5879
0.7087
0.271
0.3913
0.3909
0.447

Value
0.465
0.5689
0.5879
0.7087
02771
0.3913
0.3909
0.447

Step Time

)
4
)
4
9
4
9
4

Mon Jun 6, 09:29:50
Mon Jun 6, 09:29:12
Mon Jun 6, 09:30:16
Mon Jun 6, 09:29:26
Mon Jun 6, 09:31:27
Mon Jun 6, 09:30:36
Mon Jun 6, 09:32:02
Mon Jun 6, 09:30:53

Different ways to track experiments

Relative
21s

8s

22s

30s

Source: https://www.tensorflow.org/tensorboard

MLfLow

Source: https://miflow.org/docs/latest/tracking.htm]



https://www.tensorflow.org/tensorboard
https://mlflow.org/docs/latest/tracking.html
https://wandb.ai/site/experiment-tracking

What we’re going to build

oodVision Mini Experiment Tracking

Experiment Results tracked in TensorBoard
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‘ [ ] Show data download links Accuracy
. Ignore outliers in chart scaling
Accuracy
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b el Name Smoothed Value Step Time Relative
orizontal Axis
. 2022-06-05/data_10_percent/effnetb0/10_epochs/Loss_test_loss 0.465 0.465 9 Mon Jun 6,09:29:50 21s
‘ m RELATIVE . 2022-06-05/data_10_percent/effnetb0/5_epochs/Loss_test_loss  0.5689 0.5689 4 Mon Jun 6,09:29:12 8s
2022-06-05/data_10_percent/effnetb2/10_epochs/Loss_test_loss 0.5879 0.5879 9 Mon Jun 6,09:30:16 22s
2022 06 05/data 10 percent/effnetb2/5 epochs/Loss test_loss 0. 7087 0.7087 4 Mon Jun 6, 09: 29 26 105
EEEEN EEEEEEEEEEEEEEEEEEEEEEEEEEN
~ o 2022 06 05/data 20 percent/effnetbO/‘IO epochs/Loss test_loss 0.2771 0.2771 9 Mon Jun 6, 09: 31 27 305 '
v EEESEEEEEEEESSESEEESEESEEEEESEEEEEEEEEEEEEEEEEEEEES
. 2022 06 05/data_20_percent/effnetb0/5_epochs/Loss_test_loss  0.3913 0.3913 4 Mon Jun 6,09:30:36 15s
. _ e+ v ‘ 2022-06-05/data_20_percent/effnetb2/10_epochs/Loss_test_loss 0.3909 0.3909 9 Mon Jun 6,09:32:02 31s
\ - O 2022-06-05/data_20_percent/effnetb2/5 2022-06-05/data_20_percent/effnetb2/5_epochs/Loss_test_loss  0.447 0.447 4 Mon Jun 6,09:30:53 13s
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0_epochs/Loss_test_loss
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~" 0_epochs/Accuracy_test_acc
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. . 0_epochs/Loss_test_loss
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What we’re going to cover

(broadtg)
Getting setup (importing previously written code)

Introduce experiment tracking with PyTorch

Building several modelling experiments for FoodVision Mini € &
Evaluating modelling experiments with TensorBoard

Making predictions with the best performing model on custom

data

(we'll be cooking up lots of code!) €8

How:




Let’s codel




model = torchvision.models.efficientnet bO(..)

torchinfo.summary (model, input size=(32, 3, 224, 224))

lwangagms

000 —
_.:llllll.%=4— p ( )
Layer (type (var_name)) Input Shape Output Shape Param # :Trainable: l/LV\thaLV\/abLe frozew
== ——
EfficientNet = = - = Partial ®
| Sequential (features) [32, 3, 224, 224] [32, 1280, 7, 7] - = False .
L_ConvNormActivation (0) [32, 3, 224, 224] [32, 32, 112, 1121 ~—- = False o
LConv2d (0) [32, 3, 224, 224] [32, 32, 112, 112] (864) " False .
L_BatchNorm2d (1) [32, 32, 112, 112] [32, 32, 112, 112] (64) = False .
LsiLu (2) [32, 32, 112, 112] [32, 32, 112, 112] ~—- . .
_Sequential (1) [32, 32, 112, 112] [32, 16, 112, 112] —- = False =
LMBConv (@) [32, 32, 112, 1121 [32, 16, 112, 112] (1,448) = False n
—Sequential (2) [32, 16, 112, 112] [32, 24, 56, 56] S - False =
L MBConv () [32, 16, 112, 112]  [32, 24, 56, 56] (6,004) " False .
LmBConv (1) [32, 24, 56, 56] [32, 24, 56, 56] (10,710) =False .
—Sequential (3) [32, 24, 56, 56] [32, 40, 28, 28] - = False -
L mMBConv (0) [32, 24, 56, 56] [32, 40, 28, 28] (15,350) = False =
LMBConv (1) [32, 40, 28, 28] [32, 40, 28, 28] (31,290) = False o
L_Sequential (4) [32, 40, 28, 28] [32, 80, 14, 14] - " False -
LMBConv (@) [32, 40, 28, 28] [32, 80, 14, 14] (37,130) " False =
LMBConv (1) [32, 80, 14, 14] [32, 80, 14, 14] (102,900) = False |
LMBConv (2) [32, 80, 14, 14] [32, 80, 14, 14] (102,900) = False -
__Sequential (5) [32, 80, 14, 14] [32, 112, 14, 14] — = False .
L MBConv () [32, 80, 14, 14] [32, 112, 14, 14] (126,004) = False o
LMBConv (1) [32, 112, 14, 14] [32, 112, 14, 14] (208,572) " False .
LMBConv (2) [32, 112, 14, 14]  [32, 112, 14, 14]  (208,572) "False =
—Sequential (6) [32, 112, 14, 14] [32, 192, 7, 7] — = False -
L MBConv () [32, 112, 14, 14] [32, 192, 7, 7] (262,492) = False -
mBConv (1) [32, 192, 7, 7] [32, 192, 7, 7] (587,952) « False = ,
BConv (2) [32, 192, 7, 7] [32, 192, 7, 7] (587,952) = False o b
LMBConv (3) [32, 192, 7, 7] [32, 192, 7, 7] (587,952) " False . OV\/Lﬁ LaSt Laaers are tYﬂLV\za Le
—Sequential (7) [32, 192, 7, 7] [32, 320, 7, 7] — " False .
L_MBConv (@) [32, 192, 7, 7] [32, 320, 7, 7] (717,232) = False -
—ConvNormActivation (8) [32, 320, 7, 7] [32, 1280, 7, 7] - = False -
||:Conv2d (0) [32, 320, 7, 7] [32, 1280, 7, 7] (409,600) = False "
BatchNorm2d (1) [32, 1280, 7, 7] [32, 1280, 7, 7] (2,560) s False 0 ’
Lsilu (2) [32, 1280, 7, 7] [32, 1280, 7, 71 — ‘nmmmmus? Funal Lager Db(,t'Pl/Lt (Sa WLE AS
|_AdaptiveAvgPool2d (avgpool) [32, 1280, 7, 7] [32, 1280, 1, 1] — " — % <
- Sequential (classifier) [32, 1280] [32, 3] - =True 5 — bs
LDropout (@) [32, 1280] L «l320. 1280) = S= : V\/‘/LVWbCV Df classes @ LA )
LLinear (1) [32, 1280] « [32, 3] 3,843 “True =
*snunnsnn’ Spsmmnus’ ______
«Total params: 4,011,391 .
=Trainable params: 3,843 - ’
-Non-trainable params: 4,007,548 = S L-CSS JCVQ LV\/abLe Pa Va VVLCtCVS
"Total mult-adds (G): 12.31 .

Input size (MB): 19.27 beaause mawa Laaer‘s are
Forward/backward pass size (MB): 3452.09
Params size (MB): 16.05 ‘fVOZCVb

Estimated Total Size (MB): 3487.41




What experiments should you try?
o ®

torch.nn.Linear(in_features=256, out features=512)
torch.nn.Linear(in_features=512, out features=1024)

@ Number of layers/
¢ hidden units
Model architecture
. Data augmentation
s
torch.optim.Adam(1lr=0.001)
Amount of data torch.optim.Adam(lr=0.0003)
torch.optim.1r_ schedular ()
Epochs

Learning rate

+ any hyperparameter You can think of...


https://pytorch.org/docs/stable/optim.html#how-to-adjust-learning-rate

Experiments we’re running

Experiment Training data Testing data Model Number of

number architecture epochs

Pizza, Steak Sushi 10% training data Pizza, Steak Sushi 10% testing data EffNetBO 5
Pizza, Steak Sushi 10% training data Same as 1 EffNetB2
Pizza, Steak Sushi 10% training data Same as 1 EffNetBO
Pizza, Steak Sushi 10% training data Same as 1 EffNetB2
Pizza, Steak Sushi 20% training data Same as 1 EffNetBO
Pizza, Steak Sushi 20% training data Same as 1 EffNetB2
Pizza, Steak Sushi 20% training data Same as 1 EffNetBO 10

Pizza, Steak Sushi 20% training data Same as 1 EffNetB2 10

Note: All experiments use the same testing data (to keep evaluation consistent). Also notice how the first experiment is the
smallest, and each consecutive experiment increases data, training time and model size.




Inspecting test loss

[ ] Show data download links

Ignore outliers in chart scaling

Tooltip sorting method: default

Smoothing

Horizontal Axis

STEP RELATIVE WALL

Runs

test_

O

O
O

& O

runs

R e

2022-06-05/data_20_percent/effnetb2/5
_epochs/Loss_test_loss

2022-06-05/data_20_percent/effnetb2/5
_epochs/Accuracy_test_acc

2022-06-05/data_20_percent/effnetb0/1
0_epochs/Loss_test_loss

2022-06-05/data_20_percent/effnetb0/1
0_epochs/Accuracy_test_acc

2022-06-05/data_20_percent/effnetb2/1
0_epochs/Loss_test_loss

2022-06-05/data_20_percent/effnetb2/1
0_epochs/Accuracy_test_acc

TOGGLE ALL RUNS

Accuracy

Accuracy
tag: Accuracy

Name Smoothed Value Step Time Relative
‘ 2022-06-05/data_10_percent/effnetb0/10_epochs/Loss_test_loss 0.465 0.465 9 Mon Jun 6, 09:29:50 21s
‘ 2022-06-05/data_10_percent/effnetb0/5_epochs/Loss_test_loss  0.5689 0.5689 4 Mon Jun 6, 09:29:12
2022-06-05/data_10_percent/effnetb2/10_epochs/Loss_test_loss 0.5879 0.5879 9 Mon Jun 6, 09:30:16
2022-06-05/data_10_percent/effnetb2/5_epochs/Loss_test_loss  0.7087 0.7087 4 Mon Jun 6, 09:29:26 10s

. O 2022-06-05/data_20_percent/effnetb0/10_epochs/Loss_test_loss 0.2771 0.2771 9 Mon Jun 6, 09:31:27 30s §
a EEEEEEEEEE SN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEGSR
2022-06-05/data_20_percent/effnetb0/5_epochs/Loss_test_loss 0.3913 0.3913 4 Mon Jun 6, 09:30:36 15s
@ 2022-06-05/data_20_percent/effnetb2/10_epochs/Loss_test_loss 0.3909 0.3909 9 Mon Jun 6,09:32:.02 31s

2022-06-05/data_20_percent/effnetb2/5_epochs/Loss_test_loss  0.447 0.447 4 Mon Jun 6, 09:30:53 13s



Inspecting test accuracy

] Show data download links Q Filter tags (regular expressions supported)

Ignore outliers in chart scaling
Accuracy
Tooltip sorting method: default

Accuracy
tag: Accuracy

Smoothing

Horizontal Axis

STEP RELATIVE

Runs

test_acc

Name Smoothed Value Step Time Relative
Jun05_23-03-28_f652c984d314/Accurac
y_test_acc 2022-06-05/data_10_percent/effnetb0/10_epochs/Accuracy_test_acc 0.9072 0.9072 Mon Jun 6, 09:04:43 18s

O 2022-06-05/data_10_percent/effnetb0/5 2022-06-05/data_10_percent/effnetb0/5_epochs/Accuracy_test_acc  0.8864 0.8864 Mon Jun 6, 09f04f11 8s
_epochs/Accuracy_test_acc 2022-06-05/data_10_percent/effnetb2/10_epochs/Accuracy_test_acc 0.8873 0.8873 Mon Jun 6, 09:05:05 19s
2022-06-05/data_10_percent/effnetb2/5 2022-06-05/data_10_percent/effnetb2/5_epochs/Accuracy_test_acc  0.8873 0.8873 Mon Jun 6,09:04:22 8s
—epochs/Accuracy_test_acc 2022-06-05/data_20_percent/effnetb0/10_epochs/Accuracy_test_acc 0.9072 0.9072 Mon Jun 6, 09:06:13 30s

O 2022-06-05/data_10_percent/effnetb0/1 2022-06-05/data_20_percent/effnetb0/5_epochs/Accuracy_test_acc  0.9176 0.9176 Mon Jun 6,09:05:22 13s

0_epochs/Accuracy_test_acc .I?IllIlllllIllIllllllllIllllllllIllllllllIllIlllllIllIlllllllllllllllllllllll
2

2022-06-05/data_20_percent/effnetb2/10_epochs/Accuracy_test_acc 0.9384 0.9384 9 Mon Jun 6, 09:06:48 30s =

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER?®

a
2022-06-05/data_10_percent/effnetb2/1 2022-06-05/data_20_percent/effnetb2/5_epochs/Accuracy_test_acc  0.9384 0.9384 4 Mon Jun 6,09:05:39 13s

0_epochs/Accuracy_test_acc

2022-06-05/data_20_percent/effnetb0/5
_epochs/Accuracy_test_acc




Inspecting the model architecture

Search nodes (regex)

Fit to screen

Download PNG

Upload file

Run
Tag (2

Graph type

@ Op graph
Conceptual graph

Profile

Node options

) Trace inputs

Legend

colors same substructure

unique substructure

(* = expandable)
Namespace* ?

OpNode ?

Unconnected series* ?
Connected series* ?
Constant ?

Summary ?

Dataflow edge ?

Control dependency edge ?

Reference edge ?

EfficientNet

Sequential[class...

input.423

AdaptiveAvgPoo...

Sequential[featu...




