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Fault Tolerance

As HPC applications run longer and/or scale
further the incorporation of fault tolerance
technigues becomes a necessity.

MPI is the most popular parallel
programming model for HPC

Checkpoint/Restart is the most popular
fault tolerance technique




Checkpoint/Restart Components

Checkpoint/Restart System (CRS)

Capture the state of a running process
E.g., BLCR, Condor, Chpox, Libckpt, ...

Coordination Protocol (CRCP)

Capture the state of the network connections

E.g., Coordinated, Uncoordinated, Msg. Induced




MPI Stack
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Coordination Protocol Integration

Application
MPI Virtualization

MPI Interface *Complex
*~300 functions

Datatypes Parallel 1I/O Collectives *Flexible
*Any Network & MPI

Point-to-Point Management (PML)

o

0S ,) ,)

1 GigE InfiniBand
Hardware Hardware Hardware




Coordination Protocol Integration

Application

MPI Virtualization
MPI Interface

Datatypes Parallel 1I/O Collectives

Point-to-Point Management (PML)
Driver Integration

*Relatively Simple
*Track bytes
*Flexibility Issues
05 l’ I’ *Restart with same network
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Coordination Protocol Integration

Application

MPI Virtualization
MPI Interface

Datatypes Parallel 1I/O Collectives

Point-to-Point Management (PML)
Driver Integration

OS Virtualization
\
OS ” ” *Performance Penalty

1 GigE InfiniBand -Ac.iv. Network Support
Hardware Hardware Hardware *Flexible

*Any Process




Coordination Protocol Integration

Application
MPI Virtualization

Datatypes Parallel I/O o[-0l ° Generalize/Lift Coord. Protocol
* Network Reconfiguration

PML Virtualization e Low Performance Impact
Point-to-Point Management (PML)

InfiniBand Driver Integration
OS Virtualization

MPI Interface
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Network Reconfi
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Low Performance Impact

Interconnect No C/R With C/R % Overhead

=25y

Interconnect No C/R With C/R % Overhead

Ethernet (TCP) 738 Mbps 738 Mbps

. InfiniBand 4703 Mbps 4703 Mbps
Bandwidth :

Myrinet MX 8000 Mbps 7985 Mbps

Shared Memory 5266 Mbps 5258 Mbps

NASA Parallel Benchmarks: 0—-0.6 %
Gromacs (DPPC): 0%




Checkpoint Overhead
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Checkpoint Overhead
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Checkpoint Overhead
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98.8%
0.7%
0.3%
0.2%

Checkpoint Bottlenecks

File I/0O
Modex
Coord. Protocol
Internal Coord.

Total Application Time (sec)
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Checkpoint to NFS [N
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Conclusions

Applicaﬁon Generality

e Lift coordination protocol

away from interconnect
MPI Interface details

Datatypes Parallel I/O Collectives * Flexibility
* Always choose best

PML Virtualization available network(s)

Point-to-Point Management (PML) Adaptability

e e | I
e Load Balance

* Cluster Outages
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Future Directions

Bottlenecks
98.8% File I/O
0.7% Modex
0.3% Coord. Protocol
0.2% Internal Coord.

Stable Storage
* Multi-stage, distributed store

* Checkpoint aggregation
Modex

e Better interconnect drivers

Coordination Protocols
e Scalable, semi-coordinated

Application Interaction
Live Process Migration




Questions & Comments
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