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Intoroduction

 Sorting is a Key Building Block for Big Data Applications
v’ e.g., Database Management Systems Programming Frameworks,
Supercomputing Applications, etc.
v’ Large Memory Capacity Requirement

* Towards Future Computing Architectures
v' Dropping Available Memory Capacity per Core for Achieving Efficient Bandwidth H 1l H H il H

by Increasing in Parallelism, Heterogeneity, Density of Processors - W

» e.g., Multi-core CPUs, Many-core Accelerators I ] ] ]
»  Post Moore Era

v’ Deeping Memory/Storage Architectures

»  Device Memory on Many-core Accelerators,

Motivation:
»  Host Memory on Compute Nodes v PRSP
>  Semi-external Memory connected w/ Compute Nodes How to overcome memory capacity limitation:

such as Non-volatile Memory(NVM), Storage Class Memory (SCM) v' How to offload bandwidth oblivious operations
onto low throughput devices?

Proposal: xtr2sort (Extreme External Sort)

e Sample-Sort-Based Out-of-core Sorting Approach!!!l2l for Deep Memory Hierarchy Systems w/ GPU and Flash NVM

* ]/O Chunking to fit GPU Memory Capacity in order to exploit Massive Parallelism and Memory Bandwidth of GPU

v’ Employ Asynchronous Data Transfers using CUDA Streams and cudaMemCpyAsync() between CPU and GPU
v’ Page-locked Memory (a.k.a. Pinned Memory) Volumes required

* Pipeline-based Latency Hiding to overlap File I/O between Flash NVM and CPU using Linux Asynchronous 1/0O System Calls

v'  Pros: Fully-overlapped READ/WRITE File I/O 5 Stage Pipeline Approach
v’ Cons: Direct I/O required, e.g., O DIRECT Flag, Aligned File Offset Memory Buffer, Transfer Size v' 3 CUDA Streams for H2D, EX, D2H
1. Unsorted records are v' Asynchronous /0O for RD, WR
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3. Then, sort the chunks on GPU in ST g
the pipeline w/ data transfers In-core GPU sorting
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 Future work includes performance modeling, power measurement, etc. RD R2H  H2D  EX  D2H  H2W  WR
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