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Performance analysis at extreme scale

® |arge number of processes in an execution

® |arge amounts of data - impossible to analyze manually

® Complex architectures and adaptive applications

® Make attribution of problems to the real cause difficult

® Traditional performance analysis tools leave a lot to
the user
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Load balancing in SAMRA|

® Phase in which load grandparent
balancing decisions are
made
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Traditional performance analysis

Different phases of load balancing
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Projections on the communication
domain
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timing data
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Scalable view of the comm. graph
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Scalable view of the comm. graph
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Scalable view of the comm. graph
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Scalable view of the comm. graph
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Phase | timings for each processor
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Load on each processor
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Phase | timings for each processor
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Phase | timings for each processor
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TASK MAPPING
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‘..

Topology aware task mapping

® What is mapping - layout/placement of tasks/processes in an application on the
physical interconnect

® Does not require any changes to the application
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‘..

Topology aware task mapping

® What is mapping - layout/placement of tasks/processes in an application on the
physical interconnect

® Does not require any changes to the application

® Goals:
® Balance computational load

® Minimize contention (optimize latency or bandwidth)
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Maximize bandwidth!?

® Traditionally, research has focused on bringing tasks
closer to reduce the number of hops

® Minimizes latency, but more importantly link contention

® For applications that send large messages this might
not be optimal

O——»0 ID

LLNL-PRES-659275 lll
.
COMPUTATION Abhinav Bhatele @ Petascale Tools Workshop 12



Maximize bandwidth!?

® Traditionally, research has focused on bringing tasks
closer to reduce the number of hops

® Minimizes latency, but more importantly link contention

® For applications that send large messages this might
not be optimal

O——»0 ID

2D

[ ]

LLNL-PRES-659275 lll
.
COMPUTATION Abhinav Bhatele @ Petascale Tools Workshop 12




Maximize bandwidth!?

® Traditionally, research has focused on bringing tasks
closer to reduce the number of hops
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Rubik

® Ve have developed a mapping tool focusing on:

® structured applications that are bandwidth-bound, use collectives
over sub-communicators

® built-in operations that can increase effective bandwidth on torus
networks based on heuristics

® |nput:
® Application topology with subsets identified

® Processor topology

® Set of operations to perform

® Output: map file for job launcher
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Application example

app = box([9,3,8]) # Create app partition tree of 27-task planes
app.tile([9,3,1])

network = box([6,6,6]) # Create network partition tree of 27-processor cubes
network.tile([3,3,3])

network.map(app) # Map task planes into cubes

network with mapped
application ranks

app network
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Mapping pF3D

® A laser-plasma interaction code used at the
National Ignition Facility (NIF) at LLNL

® Three communication phases over a 3D virtual
topology:

® Wave propagation and coupling: 2D FFTs within XY planes

® Light advection: Send-recv between consecutive XY planes

® Hydrodynamic equations: 3D near-neighbor exchange

I5
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Mapping pF3D

® A laser-plasma interaction code used at the
National Ignition Facility (NIF) at LLNL

® Three communication phases over a 3D virtual
topology:

® Wave propagation and coupling: 2D FFTs within XY planes

® Light advection: Send-recv between consecutive XY planes

® Hydrodynamic equations: 3D near-neighbor exchange

2048 cores 16384 cores
MPI call Total % MPI % Total % MPI %
Send 4.90 28.45 23.10 57.21
Alltoall 8.10 46.94 7.30 18.07
Barrier 2.78 16.10 8.13 20.15
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Performance benefits

Comparison of different mappings on 2,048 cores

20 i
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Mapping

A. Bhatele et al. Mapping applications with collectives over sub-communicators on torus networks. In Proceedings of the ACM/IEEE
International Conference for High Performance Computing, Networking, Storage and Analysis, SC ’12. November 2012. LLNL-CONF-556491.
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Performance benefits

Comparison of different mappings on 2,048 cores Execution time for different mappings of pF3D
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A. Bhatele et al. Mapping applications with collectives over sub-communicators on torus networks. In Proceedings of the ACM/IEEE
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Visualizing network traffic using

Boxfish
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Visualize sub-communicators
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Detailed 2D

’ rA8 K =444952535.0
’ MIM=4004555.48
rAIM=11.0
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MILC on Blue Gene/Q
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MILC on Blue Gene/Q
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JOB PLACEMENT & ROUTING
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Performance variability

Average messaging rates for batch jobs running a laser-plasma interaction code
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Performance variability

Average messaging rates for batch jobs running a laser-plasma interaction code
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Total number of bytes sent on the network

Time spent sending the messages

LLNL-PRES-659275 lll
22

COMPUTATION Abhinav Bhatele @ Petascale Tools Workshop




pF3D characterization

Time spent in communication and computation in pF3D
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pF3D characterization

Time spent in MPI calls on 512 nodes
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Sources of variability

® Operating system noise (OS jitter)

® OS daemons running on some cores of each node

® Placement/location of the allocated nodes for the job
(Allocation shape)

® Contention for shared resources (Inter-job
contention)

® Sharing network links with other jobs
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4x8x8-shaped pF3D job

1 l | | 1 |

April |1 16

April |1 April 16

https://scalability.linl.cov/performance-analysis-through-visualization/software.ph
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https://scalability.llnl.gov/performance-analysis-through-visualization/software.php

4x8x8-shaped pF3D job

L 1 1 l 1 1 1 ]
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April |1 April 16
MILC job in green 25% higher messaging rate

https://scalability.linl.cov/performance-analysis-through-visualization/software.ph
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https://scalability.llnl.gov/performance-analysis-through-visualization/software.php

4x8x8-shaped pF3D job
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4x8x8-shaped pF3D job
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MILC job in green 27.8% higher messaging rate,
LSMS is not communication-heavy
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Slowest vs. fastest job
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Effect of MILC on pF3D

Comparing pF3D runs w/ and w/o MILC
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Effect of MILC on pF3D

Comparing pF3D runs w/ and w/o MILC
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Modeling job placements and

message routing

® Dragonfly topology: a two-level hierarchical topology

® Routing choices: static (deterministic) vs. dynamic
(adaptive), direct vs. indirect (random jumps)

® Placement options: random, round-robin, blocked

A DRAGONFLY ROUTER

i. @@ e 00 Network Ports
i‘ ‘ . . . .: . Level-1 network
i. . . . . .E . Level-2 network
@ @@ @ O O
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Single jobs

Example Plot

P ey Lowest maximum —-—-—--
® All-to-all over sub- g 4 D
communicators QLY e S o e
E X | - Ist quartile
o Va rious trafﬁc metrics | |__le—minimum and |st quartile are same

Pl P2

Job placements grouped based on Routing

Many to Many Pattern (All Links)

=25 PP PP PP P PP PP
TE4 e el

IE3

1E2

Link Usage (MB)

RDN RDR RDC RDG RRN RRR RDN RDR RDC RDG RRN RRR RDN RDR RDC RDG RRN RRR RDN RDR RDC RDG RRN RRR RDN RDR RDC RDG RRN RRR

Static Direct Adaptive Direct Static Indirect Adaptive Indirect Adaptive Hybrid

LLNL-PRES-659275 lll
e
COMPUTATION Abhinav Bhatele @ Petascale Tools Workshop 30




Edison @ NERSC
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Summary

® Projecting information to non-traditional domains
can help

® Rubik: Python-based tool for task mappings
® Boxfish:

® Visualize network traffic over links

® Visualize placement of jobs on the nodes
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http://computation-rnd.linl.gov/extreme-computing/
interconnection-networks.php —
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