Making a Case for
Distributed File Systems
at Exascales

loan Raicu
Computer Science Department, lllinois Institute of Technology
Math and Computer Science Division, Argonne National Laboratory

Third Workshop on Large-Scale System and Application Performance (LSAP), at ACM HPDC 2011
June 8%, 2011



o o

Who am 1?7

Current position:

I Assistant Professor at lllinois Institute of Technology (CS)
A Director of the Data-Intensive Distributed Systems Laboratory (DataSys)

I Guest Research Faculty, Argonne National Laboratory (MCS)
Education: PhD, University of Chicago, March 2009

Funding/Awards:

I NSF CAREER, 201171 2015 ($450K)

i NSF/CRA ClFellows, 2009 i 2010 ($140K)
i NASA GSRP, 2006 i 2009 ($84K)

Over 70+ Collaborators:

I lan Foster (UC/ANL), Rick Stevens (UC/ANL), Rob Ross (ANL), Marc Snir
(UIUC), Arthur Barney Maccabe (ORNL), Alex Szalay (JHU), Pete Beckman
(ANL), Kamil Iskra (ANL), Mike Wilde (UC/ANL), Douglas Thain (ND), Yong
Zhao (UEST), Matei Ripeanu (UBC), Alok Choudhary (NU), Tevfik Kosar
(SUNY), Yogesh Simhan (USC), Ewa Deelman( USC) , and man

More info: http://www.cs.iit.edu/~iraicu/index.html 2



http://www.cs.iit.edu/~iraicu/index.html

Overview

A This talk covers material from the LSAP position paper:

I loan Raicu, Pet e Beckmahlgkindaglase®rost er .
Distributed File Systems at Exascaleo, ACM Wor ks hop
scale System and Application Performance (LSAP), 2011

A Which is based on my NSF CAREER award (2011-2015):

I loan Raicu, Arthur Barney Maccabe, Marc Snir, Rob Ross, Mike
Wilde, Kamil Iskra, Jacob Furst, Mary Cummane. AAvoOl di n
He e | I n Exascale Computing with
CAREER Award #1054974
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Number of Cores

Manycore Computing
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Exascale Compuiing
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I ~1IM nodes (100X)
I ~1B processor-cores/threads (10000X)
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Cloud Compuiing

ARel atively new parad,;
A Amazon in 2009

I 40K servers split over 6 zones
A320K-cores, 320K disks
A$100M costs + $12M/year in energy costs
ARevenues about $250M/year

A http://www siliconvalleywatcher.com/mt/archives/2009/10/meausuring amaz.php

A Amazon in 2018
I Will likely look similar to exascale computing
A100K~1M nodes, ~1B-cores, ~1M disks
A$100M~$200M costs + $10M~$20M/year in energy
ARevenues 100X~1000X of what they are today ;
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Comimon Challenges

A Power efficiency

I WIll limit the number of cores on a chip (Manycore)

I Wil limit the number of nodes in cluster (Exascale and
Cloud)

I WIll dictate a significant part of the cost of ownership

A Programming models/languages
I Automatic parallelization
I Threads, MPI, workflow systems, etc
I Functional, imperative
I Languages vs. Middleware

Making a Case for Distributed File Systems at Exascales 10



Common Challenges

A Bottlenecks in scarce resources

I Memory (Manycore)

A Reliability

I Node-level replication enabled by virtualization
(Exascale and Clouds)

I Hardware redundancy and hardware error correction
(Manycore)

Avoiding Achill esé Heel in Exasca l e Computing wilt h D



State-oi-the-Art Storage Sysiems in HEC

Parallel File Sysiems
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What are the key challenges?

A MTTF is likely to decrease with system size

A Support for data intensive applications/operations

I Fueled by more complex questions, larger datasets,
and the many-core computing era

I HPC: OS booting, application loading, check-pointing
I HTC: Inter-process communication

I MTC: Metadata intensive workloads, inter-process
communication

Rethinking Storage Systetr® for Exascale Computing



10000

—
3
Q
7))

N—r’
c
O

=
S
| -
O
Q

O
| -
O
aQ
S
£

|_

=
o
o
o

100

[HEN
o

©
[HEN

+Directory Create (single dir)

-+File Create (single dir)

4 256 4096 8192
Rethinkind\ipJ493 Byesm<orf RFOCRSSOr S

16384

14



-+ CIO

14000
- GPFS
12000 /,
©'10000 /
Q 100%
= 8000 90%
o
S 6000 80%
S
o 0,
£ 4000 %
60%
P
2000 e 0
@
0 g o 40% ‘\\ —~
4 256 5121-IJ 30% 7+ =-16sec+GPFS(1KB) \
Number 07545049 | <+-16sec+GPFS(16KB)
o | -+16sec+GPFS(128KB) S
10% | +-16sec+GPFS(1MB)
0% . ' '
Rethinking Storage Sgs?ems for Exascaleé omputing 4096 8192 3%368

Number of Processors




Some Challenges
Booiting a IBM BlueGene/P
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Exascale Supercompuiing
Architecture

A Compute
I 1M nodes, with ~1K threads/cores per node

A Networking
I N-dimensional torus
I Meshes
A Storage
I SANs with spinning disks w
I SANs with SSDs might exi st
spinning disk SANs
I SSDs might exist at every node
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Some Challenges to Overcome ai
Exascale Compuiing

A Programming paradigms
I HPC is dominated by MPI today
I Will MPI scale another 4 orders of magnitude?

I MTC has better scaling properties (due to its
asynchronous nature)

A Network topology must be used in job
management, data management, compilers, etc

A Storage systems will need to become more
distributed to scale

18
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