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Failures are Rising in HPC
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• Titan: 2nd largest in the world at Oak Ridge National Lab 
• More than 17 PFlops with 560640 cores

1.61 Failures/day 
(2014)

Memory Errors 
Machine Check Exception 

Voltage Fault

Exascale machines that are 100 times powerful will have more obstacles.
Commercial vendors unlikely to address resilience issues for HPC market.
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Failures maybe Silent
• Common source of  soft errors 

• Particle induced single event upset 

• Manufacturing fault 

• Data corruption: you may or may not know
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Shrinking chip size
• More energy efficient

• Higher soft error rate
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Memory is Limited
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Memory is Limited
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Read Latency Write Latency

DDR3 .01μs .01μs

PCM .05μs 1μs

NAND 10μs 100μs

DISK 1000us 1000us

It is promising to use new types of memory in HPC.
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Thesis Focus

❖ Develop runtime techniques to protect HPC applications from 
failures 

Hard errors: reducing checkpoint and restart overhead 

Soft errors: detecting and correcting silent data corruptions 

Lack of  memory: how to utilize NVRAM for 
checkpointing and application execution? 
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Part 1 
Protection for Hard Errors
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Application resumes computation after all the nodes have successfully 
saved the checkpoints in their buddy nodes. 
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Limitation of  Checkpoint/Restart
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Semi-Blocking Checkpoint
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NODE 1 

NODE 2 

barrier local checkpoint 
done

remote checkpoint 
done
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✤ Resume computation as soon as each node stores its own 
checkpoint (local checkpoint).  

✤ Interleave the transmission of the checkpoint to buddy with 
application execution (remote checkpoint). 
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Optimistic Scheduling
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Single Checkpoint Overhead
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Part 2 
Detection and Correction of  

Silent Data Corrections
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Replication Enhanced Checkpointing
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Replication Enhanced Checkpointing

replica 1 replica 2

transfer checkpoint for soft error detection

hard 
error

hard error detected by replica 2

replica 2 sends checkpoints 
to replica 1 for recovery

soft error detected, both 
replicas roll back

application 
execution

checkpoint

recovery

Job 
Starts

T1

T2

T3

TIME
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Different Ways to Restart from Hard Errors  
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Utilization vs. Vulnerability
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Optimization: Topology Aware Mapping
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Optimization: Topology Aware Mapping
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Optimization: Topology Aware Mapping
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Optimization: Checksum

• Transfer the checksum of  1 integer instead of  the whole 
checkpoints 

• Floating point round-off  error
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Experimental Results: Checkpoint
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Benchmark Description Configuration
per core

Memory 
Pressure Runtime

Jacobi3D 7-point stencil 64*64*128 High AMPI

LeanMD Short-range non-
bonded force 

calculation in NAMD

4000 atoms Low Charm++
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Experimental Results: Restart
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Checkpoint Overhead
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Part 3 
Memory Limitations
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Checkpointing to SSD

• Hard to fit application data and checkpoints in memory at the 
same time 

• Full SSD strategy: store both local and remote checkpoints in SSD 

• Half  SSD strategy: store only remote checkpoint in SSD
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Checkpointing to SSD
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Asynchronous Checkpointing
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Checkpoint/Restart on SSD

39

 0

 5

 10

 15

 20

 25

 30

0.45 1.34 2.23

Ti
m

in
g 

Pe
na

lty
(s

)

Checkpoint Size/Node(GB)

half−aio
full−aio
half−sio
full−sio

 5

 10

 15

 20

 25

 30

 35

 40

 45

0.45 1.34 2.23

R
es

ta
rt 

Ti
m

e(
s)

Checkpoint Size/Node(GB)

in−memory
half−aio
full−aio

✤

✤


