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Databases for Machine Learning 
Infrastructure 

● Utilize Multi-Model for managing 
heterogeneous metadata across 
Machine Learning Pipelines

Multi-Model-Powered Machine 
Learning

● Feature and Model Engineering

Databases and Machine Learning
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Why is machine learning taking off?
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Get 
Data Write intelligent machine learning code Train 

Model
Run
Model

Repeat

What Data Scientist should be doing…
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Sculley, D., Holt, G., Golovin, D. et al. Hidden Technical Debt in Machine Learning Systems

What Data Scientist are doing…
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Challenge: Persona(s)



The Rise of the DataOps Engineer

Combines two key skills:

- Data science
- Distributed systems engineering

The equivalent of DevOps for Data Science

- Build automation software to run machine learning systems
- Operate systems so they’re available, scalable, and performant
- Evangelize tools and best practices among data scientists

13



14Division of Labor 

Configuration

Machine 
Resource 

Management
and

Monitoring

Serving 
Infrastructure

Data Collection

Data 
Verification

Process Management 
Tools

Feature 
Extraction

ML Analysis Tools

Model 
Monitoring

Inspired by “Sculley, D., Holt, G., Golovin, D. et al. Hidden Technical Debt in Machine Learning 
Systems” article

System Admin/ DevOps

Data Engineer/DataOps

Data Scientist



Machine Learning Pipeline
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https://www.tensorflow.org/tfx/guide

TensorFlow Extended

https://www.tensorflow.org/tfx/guide


17https://www.kubeflow.org/docs/pipelines/

Kubeflow Pipelines

https://www.kubeflow.org/docs/pipelines/


Databases I



Databases II



Graphs and Machine Learning



Feature Engineering

Director Number Movies

George_S_Fleming 10

…. …..



Feature Engineering
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● Native Multi Model Database
○ Stores, K/V, Documents & Graphs

● Distributed 

○ Graphs can span multiple nodes

● AQL - SQL-like multi-model query language

● ACID Transactions including Multi Collection 
Transactions



Multi-Model?
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Feature Catalogue

Feature Catalogue 

• Feature Catalogue ⩬ Preprocessing 
Cache + Discovery 

– Uber Michelangelo
– Logical Clocks
– Kubeflow FEAST
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Uber Michelangelo 

“..there were no systems in place to build 
reliable, uniform, and reproducible 
pipelines for creating and managing 
training and prediction data at scale.”

• Feature store 

https://eng.uber.com/michelangelo/
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Feature Store

https://techblog.appnexus.com/lessons-learned-from-building-scalable-machine-lea
rning-pipelines-822acb3412ad

https://techblog.appnexus.com/lessons-learned-from-building-scalable-machine-learning-pipelines-822acb3412ad
https://techblog.appnexus.com/lessons-learned-from-building-scalable-machine-learning-pipelines-822acb3412ad


Multi-Model ML Demo

https://github.com/arangoml/knowlegegraph-demo
https://mybinder.org/v2/gh/arangoml/knowlegegr

aph-demo/master?filepath=movie_data_graph.ipyn

b

https://github.com/arangoml/knowlegegraph-demo
https://mybinder.org/v2/gh/arangoml/knowlegegraph-demo/master?filepath=movie_data_graph.ipynb
https://mybinder.org/v2/gh/arangoml/knowlegegraph-demo/master?filepath=movie_data_graph.ipynb
https://mybinder.org/v2/gh/arangoml/knowlegegraph-demo/master?filepath=movie_data_graph.ipynb


What is next?

https://ieeexplore.ieee.org/abstract/document/4700287

https://ieeexplore.ieee.org/abstract/document/4700287


Databases III



Challenges

https://blog.acolyer.org/2019/09/23/the-secret-sharer/

https://blog.acolyer.org/2019/09/23/the-secret-sharer/


Challenges

● Understand complete provenance of Model
a. Understand Provenance
b. Complete version history
c. Audit

● Find all Models in production derived from dataset x
● Compare performance of different model performance
● Identify reusable steps 
● Is my serving data distribution the same as for training data
● ...



From Data to Metadata….

Common Metadata



Metadata?

https://www.kubeflow.org/docs/components/misc/metadata/

ML Project

Dataset

Feature

Transform

Experiment

Train 
Performance

Test 
Performance

Model Function

Model Serving Performance

Notebook

https://www.kubeflow.org/docs/components/misc/metadata/


ArangoML Pipeline

 “A common extensible metadata layer for ML pipelines which 
allows Data Scientists and DataOps to manage all information 

related to their ML pipelines in one place.”

https://www.arangodb.com/2019/09/arangoml-pipeline-common-metadata-layer-machine-learning-pipelines/

https://www.arangodb.com/2019/09/arangoml-pipeline-common-metadata-layer-machine-learning-pipelines/


Multi-Model Metadata



Multi-Model Metadata

FOR f in featuresets
    FILTER f.name == 'my_feature'
        FOR entity IN 1..3 ANY f featureset_dataset
            RETURN entity



ML Project

Dataset

Feature

Transform

Experiment

Train 
Performance

Test 
Performance

Model Function

ArangoML “Schema”

Model Serving Performance

Notebook



https://github.com/arangoml/arangopipe

Discover

https://github.com/arangoml/arangopipe


https://github.com/arangoml/arangopipe

Visualization

https://github.com/arangoml/arangopipe


https://github.com/arangoml/arangopipe

● Python package
● HTTP API
● TFX Integration [coming shortly]

https://github.com/arangoml/arangopipe


TFX MLMD

https://www.tensorflow.org/tfx/guide/mlmd

https://www.tensorflow.org/tfx/guide/mlmd


Kubeflow Metadata

https://www.kubeflow.org/docs/components/misc/metadata/

https://www.kubeflow.org/docs/components/misc/metadata/


Thanks for listening!
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• @arangodb
• https://www.arangodb.com/
• Demo

https://github.com/arangoml/knowlegegraph-demo

• @arangoml
• https://github.com/arangoml/arangopipe

• Demo
https://github.com/arangoml/arangopipe/blob/master
/arangopipe/arangopipe_examples.ipynb

https://www.arangodb.com/
https://github.com/arangoml/knowlegegraph-demo
https://github.com/arangoml/arangopipe
https://github.com/arangoml/arangopipe/blob/master/arangopipe/arangopipe_examples.ipynb
https://github.com/arangoml/arangopipe/blob/master/arangopipe/arangopipe_examples.ipynb
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Building Adaptive Knowledge 
Graphs

Graphs vs Machine Learning


