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§ Hitachi Vantara Labs, formerly “Pentaho Labs”

§ “Research, development & Innovation” for Pentaho related subjects 

§ Expanding the use cases that Pentaho can solve

§ Making Machine/Deep Learning easier to use

§ Increasing Data Science Productivity

§ Advancing Data Science for Pentaho Users

§ The journey continues…

“What’s Cooking at Hitachi Vantara Labs”
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§ HV Labs has created 3 methods of doing ML with Pentaho
‒ Original Weka integration with Pentaho Data Integration
‒ Bring-Your-Own-Code: R and Python executor steps
‒ Make Machine Learning easier to use: “no coding” with PMI

‒ Continued expansion
‒ C

§ “Plugin Machine Intelligence”
‒ 2014 introduced the Data Science Pack

‒ PMI is Data Science pack – “Volume 2?”
‒ New version coming!

A Different Way of Doing Machine Learning
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Quick Poll!
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The Intersection of 6 Execution Engines

§ The first phase focused on commonality and Supervised ML
‒ Scikit-learn from python
‒ MLR from R
‒ MLlib from Apache Spark
‒ Weka
‒ DL4j – deep learning
‒ Keras/Tensorflow – deep learning

§ This is no longer the case

§ PMI is a framework built to be extensible
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Artificial Intelligence

Supervised Learning

Categorical
Target Variable

Continuous 
Target Variable

ClassificationRegression

Surgical 
Complications

Customer 
Churn

Machine LearningNLP EP Vision Speech Planning Robotics

Deep Learning

Categorical 
Target Variable

Continuous
Target Variable

ClassificationRegression

Automatic 
Speech 

Recognition

Image/Object
Recognition

§ The Subdomain of Machine Learning includes
‒ Supervised Learning*
‒ Unsupervised Learning

‒ Semi-supervised Learning

‒ Reinforcement Learning

‒ Deep Learning*

§ Classical Machine 
Learning vs 
Deep Learning

Artificial Intelligence Has Many Subdomains

** Implemented in PMI
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The Plugin Machine Intelligence Framework

§ All 6 execution engines (libraries) are based on this supervised framework
‒ Scikit-learn from python
‒ MLR from R
‒ MLlib from Apache Spark
‒ Weka from Weka
‒ DL4j - Deep Learning for java
‒ Keras/Tensorflow from Python

§ PMI is a framework built 
to be extensible  
‒ “a plugin of plugins” – more algorithms

‒ “a framework of frameworks” – more ML types

Pentaho Data Integration (Kettle Engine)

PDI Plugin Framework   

Embedded Weka

Weka Evaluation and Orchestration Framework for Data Science & Machine Learning

WEKA
Classification, 
Regression, 
Clustering, 

Association rules,
Feature selection, 

Data prep, 
Visualization,

Evaluation 
framework

WEKA engine R-MLR engine Scikit-Learn 
engine

Spark 
MLlib engine DL4j engine

WEKA Plugin Packages System 

RPlugin
R scripting +

Wrapper classifier for 
supervised ML 

schemes covered by 
MLR

Introduced in 2012

wekaPython
Cpython scripting + 
wrapper classifier 

and wrapper 
clusterer for schemes 

in Scikit-learn
Introduced in 2014

wekaSparkDev
Weka classifiers + k-

means, PCA and 
descriptive stats 

distributed in Spark. 
Mllib supervised

Introduced in 2017

WekaDL4j
Deep Learning for 

image classification 
using convoluted 
neural networks 
zooModel, etc.

Introduced 2018

R Script Executor 
Step Plugin for 

PDI 
2015

CPython Step 
Plugin for PDI

2016

Code From
 W

eka

Code From
 W

eka
PMI steps in PDI

PMI Engine Plugin

Traditional PDI Plugin Steps

PDI Plugin Framework

Weka DS Steps 
for PDI 
2015

Features from
 W

eka

Keras/TensorFlow
engine

Keras/TensorFlow
Deep Learning for image 

classification using 
convoluted neural 

networks zooModel, etc.
Introduced 2019
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§ Domain Experts can use ML

§ Data Engineers can use ML

§ Increase productivity of Data Scientists
‒ DS can focus on the hard problems not 

the mundane tasks

§ Fail Fast, Fail Cheap, Fail Productively
‒ Machine Learning Model Exploration

§ Complexity has now moved from ML to Data Preparation
‒ Putting data in the proper form to ask the right question

When Machine Learning is Easy To Use …
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§ Whatever the algorithm or engine 
combination, the accuracy measurements 
can be compared uniformly 

§ We use this for 
Machine Learning Model Management 
and more

Uniform Performance Metrics
• Scheme name
• Scheme options
• Evaluation mode
• Unclassified instances
• Correctly classified instances
• Incorrectly classified instances
• Percent correct
• Percent incorrect
• Mean absolute error
• Root mean squared error
• Relative absolute error
• Root relative squared error
• Total number of instances
• Kappa statistics
• class TP_rate
• class FP_rate
• class Precision
• class Recall
• class F-measure
• class MCC
• class ROC area
• class PRC area
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§ Extract Transform for Machine Learning – ETML - ETMI

§ Data Integration for Machine Learning - DIML - DIMI
‒ PDIML

‒ PDIMI

‒ PDML

‒ PDMI

§ You get the idea!

§ Add IoT and this really 
changes things

Need of New Industry Term? When Two Worlds Merge
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The Spectrum – Working in 2+ Tools

Good at Data Integration, Data Prep, Collection … Good at Machine Learning
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§ New PMI v1.5 Release for PDI being tested
‒ New Features – more GPU utilization

‒ Deep Learning with Keras/TensorFlow
‒ Transfer learning

‒ eXtreme Boosting Classifier & Regressor
‒ Spark MLib 2.4
‒ Scatter Matrix and 3D visuals for data exploration

§ Demonstrated at NEXT19

§ Target release, before the end of 2019

Hitachi Vantara Labs Update – PMI v1.5
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§ Items we are looking in at the future in no particular order
‒ Unsupervised Machine Learning 

‒ batch clustering
‒ Streaming anomaly detection 

for ML/edge/IoT

‒ Model Server
‒ ML Model Life Cycle Management
‒ Ensembles

‒ eXplainable AI – XAI
‒ Knowledge Discovery 

What Could be Coming – Vision, not Roadmap
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§ Hidden results from Machine Learning models

§ Create your own Deep Learning models vs. zooModel

§ Broad Spectrum Deep Learning Models
‒ What I like to call “Junk Drawer Models”

‒ Decision tree of DL models versus monolithic models

§ Ensemble of models to improve model predictions
‒ Voting models and quorum

§ More Artificial Intelligence for more Machine Intelligence 

PMI Concepts to Consider in the Future
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PMI 1.5: Keras/TF Integration
Technical Deep Dive
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Kettle

Weka

Weka provides the interoperability

Weka Package System

wekaPython
ScikitLearnClassifier

kerasZoo
KerasZooClassifier

Python 
microserver

CPython
keras, tensorflow, scikit-learn, numpy,…

PMI

weka.classifiers.Classifierweka.classifiers.Evaluation

RPlugin
MLRClassifier

distributedWekaSpark2Dev
MLlibLogistic, MLlibSVM, 
MLlibNaiveBayes, etc.

wekaDeeplearning4j
Dl4jMlpClassifier

code generation

R runtime
Mlr, e1074, gbm, nn, randomForest, …

JNI (JRI) + 
code generation DL4J library Spark MLlib library

API call API call
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§ Good for PMI
‒ Single API to talk to

‒ Leverage Weka’s stable evaluation routines

‒ PMI plugin “engines” basically layer metadata on classifiers from Weka 
packages

§ Good for Weka
‒ New integration/interoperability gets realized in OS Weka first

§ Also new in PMI 1.5: xgboost integration via 
ScikitLearnClassifier in Weka

‒ Not actually offered int scikit-learn, but xgboost has a scikit-learn API…

Weka provides the interoperability
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§ Zoo models (Keras applications) to begin with

§ Train network from scratch, or start with 
imagenet pre-trained weights

§ Transfer learning by freezing layers and 
training new top-level dense layers

§ Zoo model-specific image preprocessing

§ Training callbacks for epoch metrics, learning 
rate modification, model checkpoints etc.

§ (Multi) GPU options

PMI Keras/TF features
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Weka

§ Generated code, layer lists and epoch stats dumped to Spoon log

§ Trained network graph saved to file system in hdf5 format
‒ Reload and continue training

§ Serialized Weka wrapper classifier maintains hyperparameter settings 
and file paths

Code generation

kerasZoo
KerasZooClassifier

CPython
keras

network.hdf5

kerasZooClassifier.model

network serialization

Java object serialization

code generation
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Training code (10 Monkeys dataset)

Data generator and 
network definition

Transfer learning 
configuration
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Training code

Training callbacks 
definition:
• Custom epoch timestamp
• Learning rate schedule
• CSV logger

Network save

§ Variables (java props, environment, Kettle)
‒ Network load/save, images location and epoch logging
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GPU

§ Default setting
‒ Training on 1 GPU or CPU if no 

GPUs visible

§ Multi-GPU training/inference
‒ keras.utils.multi_gpu_model

‒ Tensorflow back end only

‒ Train on GPU(s); inference on CPU, 
and vice versa
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§ Supervised heterogenous model ensembles
‒ Vote, Stacking

§ Unsupervised
‒ Batch/Incremental clustering

‒ Streaming anomaly detection

§ DL network graph editor
‒ Translators to write Keras, TF, etc.

§ Model server

PMI Roadmap (tentative)
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§ Collaboration between 
Universities of Waikato, 
Auckland and Cantebury, 
and Beca and NZ 
MetService

§ NZ $13m government 
funding over seven years

§ New ML methods for time 
series and data streams
‒ Big data in real time

‒ Environmental focus

TAIAO



© Hitachi Vantara Corporation 2018. All Rights Reserved© Hitachi Vantara Corporation 2018. All Rights Reserved

Demo Time!
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§ MURA dataset v1.1
‒ MUsculoskeletal RAdiographs

‒ Over 14,000 images

§ More public datasets available
‒ MRI

‒ More x-rays / dental

‒ Skin

Humans vs. the Machine(s)

Injury Detection Only
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§ PDI transformations for building DL Models with PMI

Training DL Models

Deep Learning Model

Body Part Identification

Classes: 
Shoulder, Humerus, Elbow, Forearm, Hand

Deep Learning Model

Injury Detection

Classes: 
Negative, Positive

CVS File 
Inputs

CVS File 
Inputs
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§ What’s the different between these two Apps?

§ Primarily, the Deep Learning Model(s)

Two Deep Learning Apps Using Pentaho

Save 
Image & Analysis

Pentaho DL Server

IoT
Analyze

Tweet

Store
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Interface to iPhone and Function Routing
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Machine Learning Pipeline – X-Ray Analysis 

Data Capture and 
Preparation

Multiple DL Models in a 
Transformation

Results Preparation

Confidence Dialog 
Preparation
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§ Converting “Hey Ray!” to a smart phone with server

“Hey Ray!” Evolved

Raspberry Pi 
with Pi Camera

X-ray Viewing 
Screen

PDI & PMI 
“Server”

Microphone Preview Screen

Speaker & 
Light controller

Original First Attempt at 
Compacting Configuration

Current Version
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”Hey Ray!”
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§ Food-101 Dataset
‒ 101 food classes

‒ 1000 images per class

‒ 101,000 total images

PMI with TensorFlow and Multi-GPU Support
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Pentaho
DS

Training ML 
Model
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Machine Learning Pipeline – Food Identification

Data Capture and 
Preparation

Results Preparation & 
Lookup Preparation

Wikipedia Factoid 
Preparation

DL Model & 
Wikipedia Lookup



© Hitachi Vantara Corporation 2018. All Rights Reserved

“Deep Food!”
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New Data Visualization
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Thermal Imaging and Deep Learning


