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ACMI/IEEE Supercomputing 2013, SC13, Best Paper Award

[2] D. Petrovic et al., High-performance RMA-based broadcast on the Intel SCC. SPAA12
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many types of applications, e.g.:
= Speedup of ~1.5 for communication patterns in graph analytics
= Speedup of ~1.4-2 in physics computations

[1] R. Gerstenberger, M. Besta, T. Hoefler, Enabling Highly-Scalable Remote Memory Access Programming with MPI-3 One-Sided.
ACMI/IEEE Supercomputing 2013, SC13, Best Paper Award
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= Step 1: groups of Processes:.
= Divide processes into groups of size G each
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= Divide processes into groups of size G each
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= Step 1: groups of processes:
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= Step 1: groups of processes:

= Divide processes into groups of size G each

= Add m parity processes to each group to store the parity data
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= Step 1: groups of processes:

= Divide processes into groups of size G each
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EXTENDING THE PROTOCOLS FOR MORE RESILIENCE

= Step 2: topology-aware distribution of groups:
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For example, apply topology-awareness at the level of blades...

EXTENDING THE PROTOCOLS FOR MORE RESILIENCE
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EXTENDING THE PROTOCOLS FOR MORE RESILIENCE

= Step 2: topology-aware distribution of groups:

For example, apply topology-awareness at the level of blades...
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EXTENDING THE PROTOCOLS FOR MORE RESILIENCE

= Step 2: topology-aware distribution of groups:

» For example, apply topology-awareness at the level of blades...
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EXTENDING THE PROTOCOLS FOR MORE RESILIENCE

= Step 2: topology-aware distribution of groups:

For example, apply topology-awareness at the level of blades...
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= Step 2: topology-aware distribution of groups:
» For example, apply topology-awareness at the level of blades...
... and nodes
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= Step 2: topology-aware distribution of groups:

» For example, apply topology-awareness at the level of blades...
... and nodes
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= Step 2: topology-aware distribution of groups:
» For example, apply topology-awareness at the level of blades...
... and nodes
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... and nodes




spcl.inf.ethz.ch

ETH:zurich (Y Y A7 o @spcl_eth

EXTENDING THE PROTOCOLS FOR MORE RESILIENCE

29



spcl.inf.ethz.ch

E'HZUf/Ch e : A5, f v : , @5pc|_eth

EXTENDING THE PROTOCOLS FOR MORE RESILIENCE

= The probability of a catastrophic failure in a multi-level
computing machine
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EXTENDING THE PROTOCOLS FOR MORE RESILIENCE

= The probability of a catastrophic failure in a multi-level
computing machine

= A catastrophic failure: a failure that takes place when more than m processes in
the same group die
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EXTENDING THE PROTOCOLS FOR MORE RESILIENCE

= The probability of a catastrophic failure in a multi-level
computing machine

= A catastrophic failure: a failure that takes place when more than m processes in
the same group die
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= The probability of a catastrophic failure in a multi-level
computing machine

= A catastrophic failure: a failure that takes place when more than m processes in
the same group die

Pey = Pi(xj N Xjcr) =
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= The probability of a catastrophic failure in a multi-level
computing machine

= A catastrophic failure: a failure that takes place when more than m processes in
the same group die

Pes = [Pj (x; N xj,cf)]=

/

Probability that x; elements
of level j will fail and cause
a catastrophic failure
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computing machine
= A catastrophic failure: a failure that takes place when more than m processes in

the same group die

Pes = [Pj (x; N xj,cf)]=
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Probability that x; elements
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EXTENDING THE PROTOCOLS FOR MORE RESILIENCE

= The probability of a catastrophic failure in a multi-level
computing machine
= A catastrophic failure: a failure that takes place when more than m processes in

the same group die

Pey = [Pj (x; N xj,cf)]= Pi(%;) Py (xjcr %))

Probability that x; elements
of level j will fail and cause
a catastrophic failure
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= The probability of a catastrophic failure in a multi-level
computing machine
= A catastrophic failure: a failure that takes place when more than m processes in

the same group die
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Probability that x; elements
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= The probability of a catastrophic failure in a multi-level
computing machine
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= The probability of a catastrophic failure in a multi-level
computing machine

= A catastrophic failure: a failure that takes place when more than m processes in
the same group die
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Holistic fault-tolerance library

HouisTic ResiLiENCE PROTOCOL FOR RMA
THE OVERVIEW

* Implemented as FTRMA: a portable fault-tolerance library
= Based on G and foMP1. an availstie MPI-3 RMA impiementation 1]

Checkpoints

on demand
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HOLISTIC RESILIENCE PROTOCOL FOR RMA
THE OVERVIEW

= Implemented as FTRMA: a portable fault-tolerance library
= Based on C and foMPI, an available MPI-3 RMA implementation [1]

[1] R. Gerstenberger, M. Besta, T. Hoefler, Enabling Highly-Scalable Remote Memory Access Programming with MPI-3 One-Sided.
ACM/IEEE Supercomputing 2013, SC13, Best Paper Award
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HOLISTIC RESILIENCE PROTOCOL FOR RMA
THE OVERVIEW

= |Implemented as FTRMA: a portable fault-tolerance library
= Based on C and foMPI, an available MPI-3 RMA implementation [1]

The layered protocol:

[1] R. Gerstenberger, M. Besta, T. Hoefler, Enabling Highly-Scalable Remote Memory Access Programming with MPI-3 One-Sided.
ACM/IEEE Supercomputing 2013, SC13, Best Paper Award
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THE OVERVIEW

= |Implemented as FTRMA: a portable fault-tolerance library
= Based on C and foMPI, an available MPI-3 RMA implementation [1]

The layered protocol:

transparent logging

[1] R. Gerstenberger, M. Besta, T. Hoefler, Enabling Highly-Scalable Remote Memory Access Programming with MPI-3 One-Sided.
ACM/IEEE Supercomputing 2013, SC13, Best Paper Award
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HOLISTIC RESILIENCE PROTOCOL FOR RMA
THE OVERVIEW

= |Implemented as FTRMA: a portable fault-tolerance library
= Based on C and foMPI, an available MPI-3 RMA implementation [1]

The layered protocol:

transparent logging

uncoordinated checkpointing

[1] R. Gerstenberger, M. Besta, T. Hoefler, Enabling Highly-Scalable Remote Memory Access Programming with MPI-3 One-Sided.
ACM/IEEE Supercomputing 2013, SC13, Best Paper Award
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HOLISTIC RESILIENCE PROTOCOL FOR RMA
THE OVERVIEW

= Implemented as FTRMA: a portable fault-tolerance library
» Based on C and foMPI, an available MPI-3 RMA implementation [1]

The layered protocol:

[1] R. Gerstenberger, M. Besta, T. Hoefler, Enabling Highly-Scalable Remote Memory Access Programming with MPI-3 One-Sided.
ACM/IEEE Supercomputing 2013, SC13, Best Paper Award
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HOLISTIC RESILIENCE PROTOCOL FOR RMA
THE OVERVIEW

= |Implemented as FTRMA: a portable fault-tolerance library
= Based on C and foMPI, an available MPI-3 RMA implementation [1]

The layered protocol:

transparent logging

uncoordinated checkpointing

coordinated checkpointing

l uses

topology-awareness

[1] R. Gerstenberger, M. Besta, T. Hoefler, Enabling Highly-Scalable Remote Memory Access Programming with MPI-3 One-Sided.
ACM/IEEE Supercomputing 2013, SC13, Best Paper Award
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= 1,496 computing Cray XE6 nodes .
= 47,872 schedulable cores ;SCS
= 46TB memory

4 protocols

i = Evaluation on CSCS Monte Rosa
2 applications
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NAS 3D FFT

NAS 3D FFT [1] Performance

160

Protocol:

120

Performance [GFlops/s]
oo
o

100 200 300 400 500
Processes

[1] Nishtala et al. Scaling communication-intensive applications on BlueGene/P using one-sided communication and
overlap.IPDPS’09
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NAS 3D FFT [1] Performance
_+ no-FT: no fault tolerance
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f-daly: using Daly’s interval
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NAS 3D FFT [1] Performance

The numbers on the bars indicate

the number of demand checkpoints.
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[1] Nishtala et al. Scaling communication-intensive applications on BlueGene/P using one-sided communication and
overlap.IPDPS’09
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The numbers on the bars indicate
the number of demand checkpoints.
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[1] Nishtala et al. Scaling communication-intensive applications on BlueGene/P using one-sided communication and
overlap.IPDPS’09
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The numbers on the bars indicate
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NAS 3D FFT [1] Performance
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[1] Nishtala et al. Scaling communication-intensive applications on BlueGene/P using one-sided communication and
overlap.IPDPS’09
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NAS 3D FFT [1] Performance
_ no-FT: no fault tolerance

Protocol
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[1] Nishtala et al. Scaling communication-intensive applications on BlueGene/P using one-sided communication and
overlap.IPDPS’09
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NAS 3D FFT [1] Performance

_ no-FT: no fault tolerance

Protocol
<Rl =ML FTRMA: logging puts (FFT
code does not use gets)
8-9% slower than no-FT

Performance [GFlops/s]
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[1] Nishtala et al. Scaling communication-intensive applications on BlueGene/P using one-sided communication and
overlap.IPDPS’09
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NAS 3D FFT [1] Performance

no-FT: no fault tolerance
1
Protocol
ERIES Y FTRMA: logging puts (FFT
S.40- code does not use gets)
% AN 8-9% slower than no-FT
= AN
()]
§30_ N ML:a simple protocol
£ based on message logging
% 18% slower than no-FT
Q50+
100 200 300 400 500
Processes

[1] Nishtala et al. Scaling communication-intensive applications on BlueGene/P using one-sided communication and
overlap.IPDPS’09
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OVERVIEW OF OUR RESEARCH

Generic model CCin RMA ER || [

A

reply actions

MP vs. RM

_ COORDINATED CHECKPOINTING (RMA) COORDIMATED CHECKPOINTING ¢ RMA: THE GSYNC SCHEME
D=(P,£,8,25 22 10 <oy :

PUT(p = q)

GET(p & q) _

- =

Schemes

Checkpointing
schemes

Recovery in RMA

Extended RMA
semantics

fa Topology-awareness

N
P rv-: . S0 kb co

f o (P.E,S,H,G, >, ", —, = M)
Model extensions

= The probability of a catastrophic failure in a multi-level

computing machine
HoLisTic RESILIENCE PROTOCOL FOR RMA . i
E OVERVIEW

PERFORMANCE

Checkpoints g
on demand

* Implemented as FTRMA: a portable fault-tolerance library
i

= Based on G and foMP1. an availstie MPI-3 RMA impiementation 1]
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E OVERVIEW

PERFORMANCE

* Evaluation on CSCS Monte Rosa
* Implemented as FTRMA: a portable fault-tolerance library * 1,496 computing Cray XE nodes
= Based on G and foMP1. an availstie MPI-3 RMA impiementation 1] « 47,872 scheduiable
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EXTENDING THE PROTOCOLS FOR MORE RESILIENCE
Distributed Hashtable Performance

= The probability of a catastrophic failure in a multi-level
computing machine

f-puts: logging puts
12% slower than no-FT

7 = Acatastrophic failure: a failure at takes place when more than m processes in
L20408 ~

2 — ftRMA: legging puts (FFT

> code does not use gets) HoLisTic RESILIENCE PROTOCOL FOR RMA S'";zls:\“’::g
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£ PERFORMANCE: DEMAND CHECKPOINTING N ML a simple protocol i = |Implemented as FTRMA: a portable fault-tolerance library

& 0105 NAS 3D FFT I:;:zm?::ig:ol?‘rgmg + Based on C and foMPI, an available MPI-3 RMA implementation [1]
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The numbers on the bars indicate = Thep ility of a ic failure in a multi-level
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RMA: LoGGING GETS RMA: CHECKPOINTING

The Epoch Condition

Data is valid
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memory ﬁ: RMA: LOGGING PuTs
Data is valid
=
" record the put

Dlaks a local

memary
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