Resilience Challenges
and Solutions for
Extreme-Scale
Supercomputing

Christian Engelmann

System Software Team Lead

Computer Science Research Group
Computer Science and Mathematics Division
Oak Ridge National Laboratory

SOS Workshop, Park City, UT, 3/2-5, 2015.

U.S. DEPARTMENT OF

ENERGY

*_a OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF ENERGY



Why is Resilience a Challenge?

 Smaller and smaller process technology
— Unknown aging effects
— Increased variability
— Increased soft error vulnerability
* Near-threshold voltage to achieve energy efficiency
— Increased soft error vulnerability
— Decreased noise immunity
 System MTTI decreases as component count increases
» Can not offset component growth with reliability improvements anymore
* System software complexity
* Most failures are due to system software (e.g. parallel file system)
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Why is Resilience a Challenge?

* NO: It’s a cost problem

* This isn’t NASA’s Moon Program ($25.4 billion in 1973 Dollars -
$170 billion in 2005 Dollars - over an 11-year period)

* The challenge is to build a reliable system within a given
cost budget that achieves the expected performance
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Key Areas of HPC Resilience Research
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Full/iIncremental Checkpointing with
BLCR
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Proactive Fault Tolerance using

Migration

* Relies on a feedback-loop control mechanism
— Application health is constantly monitored and analyzed
— Application is reallocated to avoid failures
— Closed-loop control similar to dynamic load balancing

» Real-time control problem
— Need to act in time to avoid imminent failures

* No 100% coverage

— Not all failures can be anticipated
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VM-level Migration with Xen

Single migration overhead
— Live :0.5-5.0%
Double migration overhead
— Live : 2.0-8.0%

Migration duration
— Stop & copy : 13-14s
— Live : 14-24s
Application downtime
— Stop & copy > Live

Node eviction time
— Stop & copy < Live
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NPB runs on 16-node dual-core dual-processor
Linux cluster at NCSU with AMD Opteron and
Gigabit Ethernet
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Process-Level Migration with BLCR

Single migration overhead
— Stop & copy : 0.09-6.00%
— Live :0.08-2.98%

Single migration duration

— Stop & copy : 1.0-1.9s
— Live . 2.6-6.5s

Application downtime
— Stop & copy > Live

Node eviction time
— Stop & copy < Live
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Process-level Redundancy atop MPI for

Soft Error Resilience

« Transparent redundant execution

of MPI apps. (redMPI)

* Interposition library between MPI

and the app.

* App. runs with r* m ranks:

— rranks visible to the app.
— mis the replication degree

* Fault model is fail-stop
* All messages are replicated
* File I/O is unified or replicated
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Using Redundancy for Soft Error
Injection
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HPC System Hardware/Software Co-
Design: Optimizing Trade-offs

Power

Consumption

Performance Resilience

Examples: ECC memory, checkpoint storage, data redundancy, computational
redundancy, algorithmic resilience
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xSim - The Extreme-Scale Simulator

Application

 Combining highly oversub-
scribed execution, a virtual
MPI, & a time-accurate PDES

Virtual MPI

— Execution on native processor

— Processor and network model

* Support for C/Fortran MPI

* Easy to use:

16-16-X Twisted Torus - 128x

~d=16-core 1/1  ==128-core 1/8

1024-core 1/64

— Compile with xSim header 1 |
— Link with the xSim libra = lEos
. Y £ b — - -
— Execute: mpirun -np <np> g 1600
<application> -xsim-np <vp>
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Resilience Simulation Features

° SImU|ated M Pl process fal | ure Table 1: Varying the checkpoint interval and system MTTF

* |njection, propagation and de- M 0 ZHR i
. . 1000 5248 s — -

tection in modeled architecture 6000 300 52585 79575 1 39785

. o 6000s 250 6,377s 7,074s 1 3,537s

e Simulated MP| app||Cat|0n 6000s 125 6601s 6750s 1 33755
. 3,000 s 500 5,258s 10,584s 2 3,528
checkpoint, abort, and restart 30005 250 6377s 8618s 2 2872
3,000 s 125 6,601s 7948s 2 26495

* Support for checkpoint/restart
cycles until completion

Virtual MPI Application Time
xSim: ft-shrink-barrier (SAL9000)
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Conclusion

» Resilience is a critical challenge for extreme-scale HPC
» Solutions have been and are being developed

* There are still many open questions
* There is no HPC fault model
» Performance/resilience/power trade-off is not understood holistically
» Coordination across the stack is missing
* End-to-end management of resilience is needed

* Resilient parallel programming models do not
exist

* Operational resilience policies do not go
beyond checkpoint/restart
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Questions
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