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Deploying ML to solve real 
problems isn't easy.
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pipeline jungles lead to data management, 
MLOps, and usability challenges



Sculley et al, 2015

Ideal Real world



How can we make building ML systems 
easier in practical settings?



The Machine Learning Bazaar
A framework for designing and developing ML 
and AutoML systems
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The ML Bazaar

Core framework
- MLPrimitives
- MLBlocks
- BTB

ML applications
- Orion
- Greenguard
- Cardea
- water

AutoML systems
- mit-d3m-ta2
- AutoBazaar

Curated collections
- primitives
- pipeline templates
- tuners
- selectors

Benchmarking
- ML Bazaar Task Suite
- mit-d3m
- d3m-dataset-downloader
- d3m-dataset-manager

Meta-analysis
- ml-pipelines data
- piex library
- ml-bazaar-analysis
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Orion projecT

https://github.com/signals-dev/orion
Alnegheimish, Geiger, Liu, Sala, Veeramachaneni 2020

ML for telemetry data generated by satellites

https://github.com/signals-dev/orion
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● Software component

● Self-contained

● Context agnostic

● Reusable

● Expect some input data

● Produce new data

● May learn from data

● May have hyperparameters

Primitive





Primitive JSON
● Metadata

● Python Primitive

● Inputs

● Outputs

● Hyperparameters



Pipelines

● Collection of Primitives

● Directed Acyclic Graph

● Single computational unit



Pipeline JSON
● Primitives List

● User specified parameters

● Variable Mappings



● Primitives and pipelines repository

● Custom Python primitives and third party tools

● Tunable hyperparameters curated by experts

● Community driven contributions

MLPrimitives

https://github.com/HDI-Project/MLPrimitives,
MLPrimitives v0.2.4

Primitives in the curated catalog of MLPrimitives. Catalogs 
maintained by individual projects may contain more 
primitives.

https://github.com/HDI-Project/MLPrimitives


● Uniform API for any Python library

● Simplify construction of complex Pipelines

● Machine-readable tunable hyperparameters

● JSON language for primitives and pipelines

https://github.com/HDI-Project/MLBlocks,
MLBlocks v0.3.4

https://github.com/HDI-Project/MLBlocks


DARPA D3M Program

design and implement AutoML 
systems that can produce a solution 
to arbitrary ML tasks with minimal 
human involvement

Lippman et al, 2016,
https://gitlab.com/datadrivendiscovery,

https://www.darpa.mil/program/data-driven-discovery-of-models 

https://gitlab.com/datadrivendiscovery
https://www.darpa.mil/program/data-driven-discovery-of-models


DARPA D3M Program

design and implement AutoML 
systems that can produce a solution 
to arbitrary ML tasks with minimal 
human involvement Results from DARPA D3M Summer 2019 

evaluation. Highlight System 6 (Shang et al, 2019) 
and System 7 (Drori et al, 2018) as publicly 
presented comparisons.

Lippman et al, 2016,
https://gitlab.com/datadrivendiscovery,

https://www.darpa.mil/program/data-driven-discovery-of-models 

https://gitlab.com/datadrivendiscovery
https://www.darpa.mil/program/data-driven-discovery-of-models


AutoBazaar

https://github.com/HDI-Project/AutoBazaar



1. ML Bazaar Task Suite
2. AutoBazaar computational performance
3. AutoBazaar AutoML performance
4. Expressiveness of curated primitives and pipelines
5. Case study of ML primitive comparison
6. Case study of AutoML primitive comparison
7. Lessons from 5 applications
8. Evaluation from DARPA D3M program

Evaluation

https://github.com/micahjsmith/ml-bazaar-analysis
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ML Bazaar Task Suite

mlbazaar.github.io



AutoBazaar evaluation

• search and score 2.5 million pipelines on 456 tasks
• independent and parallel execution on heterogeneous cluster 

of 400 AWS EC2 nodes depending on task workload size



opportunities for 
further pipeline-aware 
optimizations

AutoBazaar evaluation
almost zero runtime 
overhead due to ABZ 
in searching for 
pipelines

Execution time of AutoBazaar pipeline search 
attributable to different components. The box plot 
shows quartiles of the distribution, 1.5x IQR, and 
outliers. Ext refers to calls to external libraries 
providing underlying implementations like sklearn 
GaussianProcessRegressor .

Crankshaw et al, 2015; Boehm et al, 2016; Shoumik et al, 2018
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Thank you!

Read our paper: bit.ly/mlbazaar-paper
Browse the project: mlbazaar.github.io
Use our libraries: pip install mlbazaar
Talk to us: mlbazaar@mit.edu

Special thanks to: Plamen Kolev, Laura Gustafson, William Xue, 
Akshay Ravikumar, Ihssan Tinawi, Alexander Geiger, Sarah 
Alnegheimish, Saman Amarasinghe, Dongyu Liu, Stefanie Jegelka, 
Zi Wang, Benjamin Schreck, Seth Rothschild, Manual Alvarez 
Campo, Sebastian Peral, Peter Fontana, and Brian Sandberg.


