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What is the workshop about?

• AutoGluon capabilities

• Development steps

• Tabular data tutorial

• AutoGluon under the hood

• Amazon SageMaker Autopilot

• 5 additional tutorial code examples for self-learning
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What is AutoGluon?
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AutoGluon

• AutoGluon is an AutoML library capable of:

▪ Data preprocessing

▪ Hyperparameter tuning

▪ Model ensembling

• Using built-in and custom models, which enable users to:

▪ Quick ML prototyping

▪ Achieving state-of-the-art results with limited ML knowledge

▪ Simplifying ML training pipeline through methods such as HPO
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Domains

?

Tabular prediction Image prediction Object detection

Text prediction

?

Bimodal prediction Timeseries prediction
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How does it work?
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Methods

• Using pretrained models from a model zoo

• Fine-tuning individual pretrained models based on the provided dataset

• Performing HPO (optional) per model

• Ensemble models for best results
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Model zoo
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Tabular predictor models autogluon.tabular.models

Model Description

LGBModel LightGBM model: https://lightgbm.readthedocs.io/en/latest/

CatBoostModel CatBoost model: https://catboost.ai/

XGBoostModel XGBoost model: https://xgboost.readthedocs.io/en/latest/

RFModel
Random forest model (scikit-learn): https://scikit-

learn.org/stable/modules/generated/sklearn.ensemble.RandomForestClassifier.html

XTModel

Extra-trees model (scikit-learn): https://scikit-

learn.org/stable/modules/generated/sklearn.ensemble.ExtraTreesClassifier.html#sklearn.ense

mble.ExtraTreesClassifier

KNNModel
K-nearest neighbors model (scikit-learn): https://scikit-

learn.org/stable/modules/generated/sklearn.neighbors.KNeighborsClassifier.html

LinearModel
Linear model (scikit-learn): https://scikit-

learn.org/stable/modules/generated/sklearn.linear_model.LogisticRegression.html

TabularNeuralNetTorchModel PyTorch neural network models for classification/regression with tabular data

TabularNeuralNetMxnetModel Class for neural network models that operate on tabular data

NNFastAiTabularModel Class for fastai v1 neural network models that operate on tabular data

VowpalWabbitModel Vowpal Wabbit model: https://vowpalwabbit.org/

https://auto.gluon.ai/stable/api/autogluon.tabular.models.html#autogluon.tabular.models.LGBModel
https://lightgbm.readthedocs.io/en/latest/
https://auto.gluon.ai/stable/api/autogluon.tabular.models.html#autogluon.tabular.models.CatBoostModel
https://catboost.ai/
https://auto.gluon.ai/stable/api/autogluon.tabular.models.html#autogluon.tabular.models.XGBoostModel
https://xgboost.readthedocs.io/en/latest/
https://auto.gluon.ai/stable/api/autogluon.tabular.models.html#autogluon.tabular.models.RFModel
https://scikit-learn.org/stable/modules/generated/sklearn.ensemble.RandomForestClassifier.html
https://auto.gluon.ai/stable/api/autogluon.tabular.models.html#autogluon.tabular.models.XTModel
https://scikit-learn.org/stable/modules/generated/sklearn.ensemble.ExtraTreesClassifier.html#sklearn.ensemble.ExtraTreesClassifier
https://auto.gluon.ai/stable/api/autogluon.tabular.models.html#autogluon.tabular.models.KNNModel
https://scikit-learn.org/stable/modules/generated/sklearn.neighbors.KNeighborsClassifier.html
https://auto.gluon.ai/stable/api/autogluon.tabular.models.html#autogluon.tabular.models.LinearModel
https://scikit-learn.org/stable/modules/generated/sklearn.linear_model.LogisticRegression.html
https://auto.gluon.ai/stable/api/autogluon.tabular.models.html#autogluon.tabular.models.TabularNeuralNetTorchModel
https://auto.gluon.ai/stable/api/autogluon.tabular.models.html#autogluon.tabular.models.TabularNeuralNetMxnetModel
https://auto.gluon.ai/stable/api/autogluon.tabular.models.html#autogluon.tabular.models.NNFastAiTabularModel
https://auto.gluon.ai/stable/api/autogluon.tabular.models.html#autogluon.tabular.models.VowpalWabbitModel
https://vowpalwabbit.org/
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Text predictor models

• Text predictor is an NLP tool based on transformer-based models

• AutoGluon TextPredictor predicts values in a column of a tabular dataset that 
contains text fields

• TextPredictor focuses on fine-tuning deep learning based models; it supports 
transfer learning from pretrained NLP models like BERT, ALBERT, and ELECTRA

https://arxiv.org/pdf/1810.04805.pdf
https://arxiv.org/pdf/1909.11942.pdf
https://openreview.net/pdf?id=r1xMH1BtvB
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Image predictor models

Several models are supported that can be listed using 
autogluon.vision.ImagePredictor.list_models()
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Object detection

• Several object detection models are included in AutoGluon, including Yolo3, 
FasterRCNN, and SSD

• As of version 0.4.0, autogluon.ObjectDetector is being deprecated and is being 
reworked with torch backend – Current version: 0.5.2
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Time series autogluon.tabular.models

Model L/G Data layout Architecture Reference

DeepAR Global Univariate RNN Salinas et al. 2020

DeepState Global Univariate RNN, state-space model Rangapuram et al. 2018

DeepFactor Global Univariate
RNN, state-space model, Gaussian 

process
Wang et al. 2019

Deep Renewal Processes Global Univariate RNN Türkmen et al. 2021

GPForecaster Global Univariate MLP, Gaussian process

MQ-CNN Global Univariate CNN encoder, MLP decoder Wen et al. 2017

MQ-RNN Global Univariate RNN encoder, MLP encoder Wen et al. 2017

N-BEATS Global Univariate MLP, residual links Oreshkin et al. 2019

- AutoGluon uses gluonTS for most neural algorithms (some models listed below); for a 
comprehensive list, refer to https://ts.gluon.ai/stable/getting_started/models.html

- Simpler time series models, such as exponential smoothing or ARIMA, are supported using 
https://www.sktime.org/en/stable/

https://doi.org/10.1016/j.ijforecast.2019.07.001
https://papers.nips.cc/paper/2018/hash/5cf68969fb67aa6082363a6d4e6468e2-Abstract.html
https://proceedings.mlr.press/v97/wang19k.html
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0259764
https://arxiv.org/abs/1711.11053
https://arxiv.org/abs/1711.11053
https://openreview.net/forum?id=r1ecqn4YwB
https://ts.gluon.ai/stable/getting_started/models.html
https://www.sktime.org/en/stable/
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AutoGluon in practice
• Code template
• Tutorial
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What is your current ML workflow?
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Save some time
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1. Imports

2. Data loading

3. Initializing predictor 
and fitting

4. Testing

5. Prediction

import autogluon

import autogluon.core as ag

from autogluon.vision import ImageDataset, ImagePredictor

data_loc = 'https://autogluon.s3.amazonaws.com/shopee.zip'

train_data, _, test_data = ImageDataset.from_folders(data_loc)

param={'model': model, 'batch_size': batch_size}

predictor = ImagePredictor()

predictor.fit(train_data, time_limit=60,

hyperparameters=param)

predictor.evaluate(test_data)

predictor.predict(new_data)

• Integration with pandas and NumPy

• Automatic loading from different sources

• Train/validation/test split

• Default values ➔ just specify the data!

• Full control via hyperparameters

• Model’s complexity control

• By default metrics

• Setting metrics for your application

Solution from AutoGluon
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Examples for different 
datasets/problems
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Tabular data/classification

1. Imports

2. Data loading

3. Initializing and fitting

4. Testing

5. Prediction

✓ Data: Tabular 

✓ Problem: Classification

✓ Minimum code:

✓ Tabular-specific imports

✓ Ex. Data loaded from separate files

✓ Several models are tested automatically

from autogluon.tabular import TabularDataset, TabularPredictor

train_data = TabularDataset(pd.read_csv('tabular_train.csv'))

test_data = TabularDataset(pd.read_csv('tabular_test.csv'))

predictor = TabularPredictor(label='class',sample_weight='class')

predictor.fit(train_data)

predictor.evaluate(test_data, auxiliary_metrics=False)

predictor.predict(new_data)

accuracy: 0.8374
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Image data/classification

1. Imports

2. Data loading

3. Initializing and fitting

4. Testing

5. Prediction

from autogluon.vision import ImageDataset, ImagePredictor

data_location = 'https://autogluon.s3.amazonaws.com/shopee-iet.zip'

train_data, _, test_data = ImageDataset.from_folders(data_location)

models = ag.Categorical('resnet18_v1b', 'mobilenetv3_small', 'vgg19')

hyperparameters = {'model': models}

predictor = ImagePredictor().fit(train_data,

hyperparameters=hyperparameters)

predictor.evaluate(test_data)

predictor.predict(new_data)

accuracy: 0.8625

✓ Data: Images

✓ Problem: Classification

✓ Minimum code:

✓ Reading from archive

✓ Automatic train/test split 

✓ Default model Resnet50

✓ You can set a list of models

✓ AutoGluon selects the best model
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Image data/object detection

1. Imports

2. Data loading

3. Initializing and fitting

4. Testing

5. Prediction

from autogluon.vision import ObjectDetector

data_loc = 'https://autogluon.s3.amazonaws.com/data/tiny_motorbike.zip'

train_data = ObjectDetector.Dataset.from_voc(data_loc, splits='trainval')

test_data = ObjectDetector.Dataset.from_voc(data_loc, splits='test')

detector = ObjectDetector().fit(train_data, hyperparameter={})

detector.evaluate(test_data)

detector.predict(new_data)

✓ Data: Images

✓ Problem: Object detection

✓ Minimum code:

✓ Physical location of train/test specified
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Text data/sentiment analysis

1. Imports

2. Data loading

3. Initializing and fitting

4. Testing

5. Prediction

from autogluon.text import TextPredictor

from autogluon.core.utils.loaders import load_pd

train_data = load_pd.load('text_train.zip')

test_data =load_pd.load('text_test.zip')

predictor = TextPredictor(label='label', eval_metric='acc').fit(train_data)

predictor.evaluate(test_data)

predictor.predict(new_data)

accuracy: 0.9404

✓ Data: Text

✓ Problem: Sentiment analysis

✓ Minimum code:

✓ Evaluation metric specified

✓ Default model electra-base

✓ You can set any model from 

Hugging model zoo

✓ Good accuracy for a difficult problem
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Time series/forecasting

from autogluon.timeseries import TimeSeriesPredictor, TimeSeriesDataFrame

data_loc_df = pd.read_csv("Covid/train.csv")

data = TimeSeriesDataFrame.from_data_frame(data_loc_df, timestamp_column="Date")

test_data = train_data.copy()

train_data = train_data.slice_by_timestep(slice(None, -5))

predictor = TimeSeriesPredictor(target="Cases", eval_metric="MAPE",

prediction_length=5)

predictor.fit(train_data=train_data, presets="low_quality")

predictor.evaluate(test_data)

predictor.predict(new_data)

1. Imports

2. Data loading

3. Initializing and fitting

4. Testing

5. Prediction

✓ Data: Time series

✓ Problem: Forecasting

✓ Minimum code:

✓ Future/past data split

✓ Train different models by default
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Multimodal data/classification

from autogluon.multimodal import MultiModalPredictor

data_loc = ‘./data'

train_data = pd.read_csv(f'{dataset_path}/train.csv', index_col=0)

test_data = pd.read_csv(f'{dataset_path}/test.csv', index_col=0)

predictor = MultiModalPredictor(label='class').fit(train_data)

predictor.evaluate(test_data, metrics=["roc_auc",'accuracy','f1'])

predictor.predict(new_data)

accuracy: 0.69

1. Imports

2. Data loading

3. Initializing and fitting

4. Testing

5. Prediction

✓ Data: all

✓ Numerical

✓ Categorical

✓ Text

✓ Images

✓ Time series

✓ Problem: Classification

✓ Minimum code
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Choosing the best model

• Performance comparison

▪ Mode

– By default for tabular

– On request for others

▪ AutoGluon automatically maximizes the chosen or default metric

– Accuracy for classification

– RMSE for regression 

▪ Other metrics of interest

– Training time

– Execution time

• Saving/loading models
predictor = TabularPredictor.load(save_path)

y_pred = predictor.predict(new_data)
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Run feature importance

Feature importance gives you a better understanding of the predictor and the data
using permutation-shifting
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Tutorial



© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Tutorial structure 

1. Tabular (40 min)

• Demo: classification

• Exercise: regression

2. Image classification (20 min)

• Demo

• Exercise

3. Time series forecasting (20 min)

• Demo

• Exercise

• Timing is approximative

• Goal is to finish the tabular 

exercise

• Solutions will be shown at the 

end of each section
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Tutorial

• Open a notebook in your AWS SageMaker

• Git clone the tutorial

• URL: bit.ly/BOA402

• git clone https://github.com/MichaelDasseville/Autogluon-Workshop.git

Event hash to fill:

bcf2-152b2cc1b4-85 

https://github.com/MichaelDasseville/Autogluon-Workshop.git
https://github.com/MichaelDasseville/Autogluon-Workshop.git
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AutoGluon tabular data
under the hood
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Architecture

• AutoGluon has a modular architecture; you install and include only 
the features your need

▪ autogluon.tabular: from autogluon.tabular import TabularDataset, 

TabularPredictor

▪ autogluon.multimodal: from autogluon.multimodal import MultiModalPredictor

▪ autogluon.vision: from autogluon.vision import ImagePredictor, ImageDataset

• autogluon.core: import autogluon.core as ag

• autogluon.features: from autogluon.features.generators import

AutoMLPipelineFeatureGenerator
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Tabular model features

• Advanced data processing

• Deep learning

• Multi-layer model ensembling

• Automatic recognition the data type in each column
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AutoGluon tabular principles

• Simplicity

• Robustness

• Fault tolerance

• Predictable timing
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The fit API basic process

Prep raw data

- numeric/text/categories?

Pred Problem?

- Regression, 

categorization?

Partition data

- Test/train/val? k-

fold

Fit individual 
models

- trees --- ANN

Optimized 
ensemble



© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

The fit API optional features

• hyperparameter tune = True optimizes the hyperparameters of the 
individual models

• auto stack = True adaptively chooses a model ensembling strategy based 
on bootstrap aggregation (bagging) and (multi-layer) stacking

• time limits controls the runtime of fit()

• eval metric specifies the metric used to evaluate

• predictive performance

• auto stack = True allows resumption of training from the last checkpoint
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Data preprocessing

37

Model agnostic 
(Transforms input to all 
models)

• Categorizing each feature 

• numeric

• categorical

• Text → n-grams

• Date/time → numeric

• Features like userID with 
little prediction are 
discarded

Model specific (Applied 

to data to be used to train 
each model)

• Further processing

• Feed forward ANN

• LightGBM boosted trees

• CatBoost boosted trees

• Random forest

• Extremely randomized 
trees

• k-nearest neighbours
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Data preprocessing
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Feed forward ANN

- Separate embedding layer for each 
categorical feature → Learning each 
variable separately before blending

- Numerical features are embedded 
concatenated with results of 
embedding → Similar to DSSN 
networks enriching the data

- The combined vector passes 
thorough a dense layer as well as a 
3L network→ Speeding up and 
stabilizing the learning + reducing 
overfitting
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Multi-layer stack ensembling

• Stacking

• Bagging or bootstrap aggregation
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Multi-layer stacking

• A “stacker” model is trained using the 
aggregated predictions of the base models 
as its features → Improve upon base models

• Multi-layer stacking sends the output of 
stacker models to another stacker layer 

• AutoGluon implements a novel multi-
stacking mechanism depicted in the 
opposite diagram 
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Multi-layer stacking – AutoGluon contributions

• Unlike traditional models, AutoGluon reuses 
all of its base-layer model types rather than 
adopting to use simpler models; this is 
similar to layer-wise training → Efficiency

• Using original input along with output of 
stackers as higher layer input; this is similar 
to skip layer → Compactness

• Using final layer for ensemble selection in a 
weighted manner  → Reduces overfitting

Same models
Original Data
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Bagging

Fit several independent models and 
average their predictions in order to 
obtain a model with a lower variance 
→ Robustness, so the resulting model 
works better on larger collection of 
datasets

Original data

Bootstrapping

Aggregating

https://en.wikipedia.org/wiki/Bootstrap_aggregating

https://en.wikipedia.org/wiki/Bootstrap_aggregating
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Repeated k-fold bagging

• Randomly partitioning data into 
k disjoint chunks

• Training k copies of the model with 
different data chunks

• AutoGluon bags all the models and 
makes prediction with on a held-out 
chunk called an out of fold (OOF)

• This results in reducing variance in 
resulting predictions, thus helping 
with bias correction
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Putting it all together

start for l=1 to L

for i=1 to n

Chunk data 

to k folds

for j=1 to K

For each model 

type  m in M

L: number of stacker layers

M: Set of base model types

Train the model on all chucks 

and hold out chunk j.

Make predictions on OOF data

Average predictions

Concatenate predictions 

with original data

Multi-layer stacking

Repeated k-fold

k-fold

bagging
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Distillation

• Problem

▪ The final model is too large or two slow and using several submodels such as tree-based and 
ANN-based models

• Distillation

▪ A teacher (large base model) describes a function

▪ A student model (smaller model) approximates the same function, meaning that we train a 
smaller model to produce the same result as the complex model within an acceptable error

▪ Training on lots of data helps closing the gap between student and teacher

• Trade-off

▪ Loss of accuracy
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Distillation for text and multimodal

• fit method of TextPredictor and MultimodalPredictor accepts a 
teacher_predictor parameter

• TextPredictor.fit(train_data=data, 
teacher_predictor=teacher_model, ...)

• TextPredictor focuses on fine-tuning of transformer-based models through 
transfer learning rather than ensembling

• The pre-trained teacher predictor or its saved path are acceptable values; if 
provided, fit can distill its knowledge to a student predictor, i.e., the current 
predictor
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Distillation for tabular data

The Distill() method of TabularPredictor can be explicitly 
called to:

• Distill AutoGluon's most accurate ensemble-predictor into single models that 
are simpler/faster and require less memory/compute; distillation can produce 
a model that is more accurate than the same model fit directly on the original 
training data

• After calling Distill(), there will be more models available in the Predictor, 
which can be evaluated using predictor.leaderboard(test_data)and 
are deployed with: predictor.predict(test_data, 
model=MODEL_NAME)
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AutoGluon in comparison
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Handling of raw data
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Competition

Comparing each AutoML framework against AutoGluon on the 39 AutoML Benchmark datasets (with 4h 

training time). Listed are the number of datasets where each framework produced better predictions than 

AutoGluon (Wins), worse predictions (Losses), a system failure during training (Failures), or more accurate 

predictions than all of the other 5 frameworks (Champion). The latter 3 columns show the average: rank of 

the framework (among the 6 AutoML frameworks applied to each dataset), (rescaled) loss on the test data, 

and actual training time.
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Competition

Comparing each AutoML framework against AutoGluon on the 11 Kaggle competitions (under 4h time 

limit)
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Benchmarking

(A) Performance of AutoML frameworks relative to AutoGluon on the AutoML 

Benchmark (with 1h training time)

(B) Proportion of teams in each Kaggle competition whose scores were beat by 

each AutoML framework (with 4h training time)
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AutoML and SageMaker
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SageMaker Autopilot
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Key features

• Automatic data preprocessing and feature engineering

• Automatic ML model selection

• Model leaderboard

• Feature importance

• Customizable AutoML journey

• Automatic notebook creation
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Automatic data preprocessing
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Automatic ML selection
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Model leaderboard
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Feature importance
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Customize AutoML journey
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Automatic notebook creation
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Thank you!
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Please complete the session 
survey in the mobile app

Cyrus Vahid

cyrusmv@amazon.com

Michael Dasseville

dssvm@amzon.com


