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Agenda

• What’s the GPU Open Analytics Initiative (GOAI)? 
• The GPU DataFrame 
• Scaling Out: Distributed GPU DataFrame
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My Background

• Software Engineer at Anaconda 
• Lead Developer of Numba 
• 6+ years in Python + JIT + GPU
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Contributed to the early  
design and development 
of cudf and dask_cudf



GOAI



”
“ We want to make accelerated, end-to-

end GPU analytics easy.
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Analytic Pipeline Before GPU-ization
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GPU-ization & Silos
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Solution: Share GPU Data
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Solution: Share GPU DataFrame
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Other Needs

• GPU-aware distributed computing frameworks 
• Out-of-core capability in task scheduling 

• GPU memory is limited 
• Smart GPU data transfer 

• PCI-express, NVLINK topology aware
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A Brief GOAI History: 2017

• 2017: 
• Prototyped pygdf, a pandas-like GPU DataFrame 
• Prototyped dask_gdf, a distributed pygdf 
• Ingest data from MapD into PyGDF and do ETL 
• Export feature matrices to H2O GLM
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A Brief GOAI History: 2018

• 2018 
• Nvidia created RAPIDS 

• pygdf evolved into cudf 
• dask_gdf evolved into dask_cudf
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RAPIDS
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GPU DataFrame



What’s a DataFrame?
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• table of data 
• column ~= array 
• python: pandas 
• important ops: 

• read_csv 
• groupby 
• join



GPU DataFrame Design

Start Simple 
• Single machine 
• Single GPU 
• Single process 
• In-GPU memory

!17



GPU DataFrame Design

Start Simple 
• Single machine 
• Single GPU 
• Single process 
• In-GPU memory

!18

Easy to Learn 
• Mirror the Pandas 

API



GPU DataFrame Design

Start Simple 
• Single machine 
• Single GPU 
• Single process 
• In-GPU memory
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Easy to learn 
• Mirror the Pandas 

API

Build on Opensource 
• Apache Arrow data 

format 
• Numba for GPU 

Python JIT



Main DataTypes are Numbers

• GPU very good with numbers 
• Basic: int{1, 8, 16, 32, 64}, float{16, 32, 64} 
• Datetime encoded in int64 + unit [s, ms, us, ns] 
• Strings encoded as Categoricals  
• Bitmask for Missing data 
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Use Arrow

• Use Arrow format to share data 
• in-memory 
• columnar 
• no-copy 
• open-standard 

• spark, hadoop, parquet, impala, etc..
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Using Numba

• Use Numba for GPU functions and GPU arrays 
• JIT user-defined functions as GPU kernels 
• Interactive CUDA programming in notebooks
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Numba CPU Demonstration: 100x speedup in 3 lines
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Simple Groupby

Most of the time, users 
do not need to know 
about the GPU. 

But, we still provide a 
way…(next slide)
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Numba compiles this 
python function as a 
CUDA device function 
that operates on each 
group 

Advanced Groupby
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10x speedup by changing import 
from pandas to cudf  

CPU: Core i7 | GPU: Titan XP



Scale Out



The Need to Scaling Out

• GPU RAM max: 32GB 
• Out-of-core: dataset larger than RAM 
• Multi-GPU 
• Multi-nodes
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How? Dask

• Pure-python 
• Flexible library for parallelism 
• Block algorithms 
• Dynamic scheduling 
• Multi-scheduler 

• threads, processes, 
distributed
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Dask Task Scheduling
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Optimizes for: 
• Data locality, Communication, Parallelism



Dask can handle complicated task graphs
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dask graph from a credit modeling 
system of a large retail bank

reference: http://blog.dask.org/2018/02/09/credit-models-with-dask



Model after dask.dataframe
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cudf



Using dask.delayed for custom operations
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(actual code from dask_cudf)

cudf.DataFrame



Groupby + Aggregation
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part1 part2 part3



Groupby + Aggregation
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groupby_agg groupby_agg groupby_agg

part1 part2 part3



Groupby + Aggregation

!36

groupby_agg groupby_agg groupby_agg

part1 part2 part3

combine



Groupby + Aggregation
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Groupby + Aggregation
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groupby_agg groupby_agg groupby_agg

part1 part2 part3

combine

groupby_agg



Problems Solved by Using Dask 

• distributed, out-of-core scheduling 
• spill-to-disk 
• easy scale out 
• clustering 

• kubernetes, yarn, HPC
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GPU-to-GPU communication

• Dask defaults to use TCP + serialization (pickle) 
• GPU has more efficient ways: 

• CUDA IPC 
• Inter-node RDMA
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GPU Peer Access
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CUDA IPC peer access requires 
- 2 GPUs are connected by NVLINK 
- 2 GPUs are in the same PCIe domain

(image from: https://devblogs.nvidia.com/dgx-1-fastest-deep-learning-system/)

https://devblogs.nvidia.com/dgx-1-fastest-deep-learning-system/


Inter-node Transfer

• Now: 
• Copy to host 
• Send via normal 

network
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• WIP: 
• UCX 

• GPUDirect  
• RDMA over 

InfiniBand



Conclusions



Key Decisions

• Focus on the Data-Scientist experience 
• Mirror Pandas API 
• Don’t let performance drive API design 
• Interactive GPU JIT with Numba 

• Leverage existing OSS ecosystem 
• Arrow, Dask, Numba
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Ongoing + Future works

• Integrate UCX into Python 
• Better GPU memory manager (RMM) 
• Common Python interface to: 

• the CUDA runtime 
• share Array data

!45



Summary

• We talked about… 
• GOAI 
• GPU DataFrame 
• Scale out to Distributed GPU DataFrame 

• I hope you learn a new technique to scale-out your GPU 
workload using Dask.
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Questions?
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rapids:  
https://rapids.ai

goai:  
http://gpuopenanalytics.com

source code:  
https://github.com/rapidsai 

https://github.com/dask 
https://github.com/numba

https://github.com/rapidsai
https://github.com/dask
https://github.com/numba


Extras



Setup Dask Cluster

• Manual: 
• dask-scheduler 

• dask-worker <scheduler ip+port> —nprocs=<nprocs>  

• Other cluster support for kubernetes, yarn, HPC 
• Support scale-up, scale-down
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Setup Dask GPU Cluster

• Manually setup to have 1 GPU per worker 
• So, a 8 GPU server will have 8 workers 
• Each worker will use a different GPU as default
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