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Concept Refresh
AI AI 

Data AnalyticsData Analytics
Build a representation, query, or model that 
enables descriptive, interactive, or predictive 

analysis over any amount of diverse data   

Sense, learn, reason, act, and adapt to the 
real world without explicit programming

Perceptual Understanding 
Detect patterns in audio or visual data

Machine Learning
Computational methods that use learning algorithms to build a 

model from data (in supervised, unsupervised, semi-supervised, or 
reinforcement mode) 

Machine Learning
Computational methods that use learning algorithms to build a 

model from data (in supervised, unsupervised, semi-supervised, or 
reinforcement mode) 

Deep Learning
Algorithms inspired by neural networks 

with multiple layers of neurons that 
learn successively complex 

representations

Convolutional Neural 
Networks (CNN)

DL topology particularly 
effective at image 

classification

Training
Iteratively improve model accuracy

Training
Iteratively improve model accuracy

Prediction/Inference/Scoring
Deploy trained model to emit score / class

Prediction/Inference/Scoring
Deploy trained model to emit score / class

RBM

DBN

RNN
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Concept Refresh

http://spark.apache.org/

Apache Spark* 101
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What is BigDL?

BigDL is a distributed deep learning library for Apache Spark* 
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WHY: 
Motivation for BigDL
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Motivation for BigDL

AI: HPC or Big Data?
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Motivation for BigDL

Data Scale Driving Deep Learning Process

Andrew NG, Baidu. 
NIPS 2016 Tutorial
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Production ML/DL system is Complex

Motivation for BigDL
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Motivation for BigDL
Unified Big Data Platform Driving Analytics and Data Science
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Motivation for BigDL
The Missing Piece ?
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BigDL – It is a BIG DEAL! 

https://github.com/intel-analytics/BigDL

Open sourced on Dec 30, 2016
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WHAT:
Architecture, Features and Code
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• Write deep learning applications 
as standard Spark programs

• Run on top of existing Spark or 
Hadoop clusters (No change to 
the clusters)

• Rich deep learning support
• High performance powered by 

Intel MKL and multi-threaded 
programming

• Efficient scale-out with an all-
reduce communications on Spark

Architecture, Features and Code
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Architecture, Features and Code

• Training using synchronous mini-batch SGD
• Distributed training iterations run as standard Spark 

jobs
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Architecture, Features and Code

Distributed Training

• Model Parallelism

• Data Parallelism

A distributed training example,
(Jeff Dean, NIPS 2012)
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“Canonical” implementation on Apache Spark

Driver becomes the bottleneck

• RDD.reduce / aggregate

• RDD.treeAggregate (shuffle)

Architecture, Features and Code



19

Architecture, Features and Code

BigDL distributed training:

• Implement an P2P All Reduce 
Algorithm on Apache Spark

• Spark block manager as 
parameter server (handle 
different APIs of Spark 1.x/2.x)

• Compress float32 parameter to 
float16 parameter

…

Training Set

Block Manager(Parameter Server)

Partition 1 Partition 2 Partition n
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Architecture, Features and Code

Rich deep learning support
– Feature parity with existing DL 

frameworks (e.g., Caffe and Torch) 
– Load pre-trained Caffe or Torch 

model into Spark programs
– Model Snapshot

• Useful in a long training

• Used in inference later

• Share your model with others

• Fine-tune the model

Caffe 
Model File

Torch 
Model File

Storage

BigDL

BigDL 
Model File

Load

Save
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Architecture, Features and Code

Integrates with Spark-ML Pipeline

• Wrapper with Spark ML Transformer

• Plug into Spark ML pipeline

• Support 1.5/1.6/2.0

DataFrame

Transfomer1

Transfomer2

DLClassifer

…
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Spark 
Streaming RDDs

EvaluatorBigDL 
Model StreamWriter

BigDL integrates with Spark Streaming for runtime training and prediction

HDFS/S3

Kafka

Flume

Kinesis

Twitter

Train

Predict

Architecture, Features and Code
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Architecture, Features
and Code

Layers

 90+ Layers (Yiheng)

Criterion

 10+ loss functions

Optimization

 SGD, Adagrad, LBFGS
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Architecture, Features and Code

BigDL provide examples to help developer play with BigDL and start with 
popular models.

https://github.com/intel-analytics/BigDL/wiki/Examples

Models (Train and Inference Example Code):

 LeNet, Inception, VGG, ResNet, RNN, Auto-encoder

Examples:

• Text Classification

• Image Classification

• Load Torch/Caffe model
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Architecture, Features and Code

Model on Data Set Top-1 
Accuracy

LeNet5 on MNIST 99%

Vgg on Cifar10 90%

AlexNet OWT on ImageNet 56%

GoogleNetV1 on ImageNet 68%
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Architecture, Features and Code

• High Single Node Performance

• Powered by Intel MKL.

• Benchmarked best on Xeon E5-26XX v3 or E5-26XX v4

• Efficient Scale-out

• Efficiently scale out to several 10s of Xeon servers on Spark to distributed 
train some deep learning model on ImageNet dataset

For more complete information about performance and benchmark results, visit www.intel.com/benchmarks
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BigDL APIs: 
Tensor
 Multi-dimensional array of numeric types (e.g., Int, Float, Double, etc.)

Module
 Individual layers of the neural network (such as ReLU, Linear, SpatialConvolution, Sequential, etc.)

Criterion
 Given input and target, computing gradient per given loss function

DataSet
 Training, validation and test data
 Transformer: series of data transformations (->)

Engine
 Runtime environment for the training (e.g., node#, core#, spark vs. local, multi-threading, etc.)

Optimizer
 Local & distributed optimizer (synchronous mini-batch SGD)
 OptimMethod: SGD, AdaGrad, etc.

Architecture, Features and Code
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Tensor

 A powerful ndarray data structure

 Generic data type

 Data manipulate / math APIs, model after torch

Architecture, Features and Code
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Architecture, Features and Code
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Build a simple model

Architecture, Features and Code
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A full example
Architecture, Features and Code
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Start with tutorials

https://github.com/intel-analytics/BigDL/wiki/Tutorials

Architecture, Features and Code



33

Architecture, Features and Code

Training LeNet on MNIST

“Hello World” for Deep learning

MNIST dataset (images of handwritten digits)
http://yann.lecun.com/exdb/mnist/

LeNet-5
http://yann.lecun.com/exdb/lenet/
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Architecture, Features and Code
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Architecture, Features and CodeArchitecture, Features and Code
“Hello World” for Deep learning • sc is None for local mode;

• Program will run as either local 
program or Spark program based on sc 
value.
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Architecture, Features and Code
“Hello World” for Deep learning
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Architecture, Features and Code
“Hello World” for Deep learning
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Architecture, Features and Code
“Hello World” for Deep learning
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Architecture, Features and Code
“Hello World” for Deep learning
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WHERE: 
Use Cases
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WHERE CAN I USE BIGDL?

 Analyze “big data” using deep learning on the same Hadoop/Spark cluster where 
the data are stored 

 Add deep learning functionalities to the Big Data (Spark) programs and/or 
workflow

 Leverage existing Hadoop/Spark clusters to run deep learning applications

– Dynamically sharing with other workloads (e.g., ETL, data warehouse, feature 
engineering, classical machine learning, graph analytics, etc.)

 Making deep learning more accessible for Big Data users and Data Scientists.
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FRAUD DETECTION Using BigDL and SparkML
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Product Defect Detection and Classification

(KeyStone ML Pipeline)
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Language Model with RNN

Text Preprocessing RNN Model Training Sentence Generating
 Sentence Tokenizer

 Dictionary Building

 Input Document 
Transformer

Generated sentences 
with regard to trigger 
words.
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RNN Model

See the code at: 
https://github.com/intel-analytics/BigDL/tree/master/dl/src/main/scala/com/intel/analytics/bigdl/models/rnn
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Learn from Shakespeare Poems 
Output of RNN:

Long live the King . The King and Queen , and the Strange of the Veils of the 
rhapsodic . and grapple, and the entreatments of the pressure .

Upon her head , and in the world ? `` Oh, the gods ! O Jove ! To whom the king : 
`` O friends ! 

Her hair, nor loose ! If , my lord , and the groundlings of the skies . jocund and 
Tasso in the Staggering of the Mankind . and 
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Fine-tune Caffe/Torch Model on Spark

BigDL Model 

Fine-tune

Melancholy

Sunny

Macro

Caffe
Model

BigDL
Model

Torch
Model

Load

• Train on different dataset based on pre-trained model
• Predict image style instead of type
• Save training time and improve accuracy

Image source:  https://www.flickr.com/photos/
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Object Detection on PASCAL(http://host.robots.ox.ac.uk/pascal/VOC/)
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Fast-RCNN

 Faster-RCNN is a popular object 
detection framework

 It share the features between 
detection network and region 
proposal network

Ren, Shaoqing, et al. "Faster r-cnn: Towards 
real-time object detection with region proposal 
networks." Advances in neural information 
processing systems. 2015.
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Object Detection with Fast-RCNN
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HOW: 
Get Started with BigDL
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Get Started with BigDL

 BigDL programs
– Run as either local Scala/Java programs, or Spark programs

 Interactive Scala shell (REPL) is a great way to get started
Type:

Scala shell:



53

BigDL Out-of-box run scripts on AWS

https://github.com/intel-analytics/BigDL/wiki/Running-on-EC2

Get Started with BigDL
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BigDL On Github
https://github.com/intel-analytics/BigDL

Community
Mail List

bigdl-user-group+subscribe@googlegroups.com

Report bugs and feature request

https://github.com/intel-analytics/BigDL/issues
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Key Contacts & Additional Resources
• Email: Jason.dai@intel.com (Chief Architect, BigDL)

• O'reilly Podcast/ Jason Dai 
• https://soundcloud.com/oreilly-radar/deep-learning-for-apache-spark

• Databricks Blog
• https://databricks.com/blog/2017/02/09/intels-bigdl-databricks.html

• Spark Summit Talks 
• https://spark-summit.org/east-2017/events/bigdl-a-distributed-deep-learning-library-on-spark/

• https://spark-summit.org/east-2017/events/building-deep-learning-powered-big-data/

• Intel Developer Zone for AI
• Video: https://software.intel.com/en-us/videos/bigdl-distributed-deep-learning-on-apache-spark

• Blog: https://software.intel.com/en-us/articles/bigdl-distributed-deep-learning-on-apache-spark
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Q & A




