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Scalasca performance analysis toolset

Automatic trace analysis solution
o Extracts high-level bottleneck patterns

e Works at scale (200k+ processes) ;

-

processes

N

Wait state

time

Late-sender wait state

New analysis methods

Root-cause analysis and critical-path analysis characterize
inefficient parallelism
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Outline

Parallel trace analysis
Root-cause analysis
Critical-path analysis

Outlook: Tool interoperability
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Understanding performance is hard

processes

» Long distance between cause and symptom
» Actual performance impact not obvious
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Three analysis methods

Wait-state
analysis

processes

time

Identify wait states in MPl communication.
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Three analysis methods

Root-cause
analysis

processes

time

Determine delays that cause wait states.
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Three analysis methods

Critical-path
analysis

processes

time

Identify activities that determine program runtime.
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Scalasca analysis workflow

N
Application  HuIENG Local = Parallel > a(ril':;)l;):ils
event traces analysis report
T

Instrumented
executable

Instrumenter
compiler / linker

Source
modules |
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Which Where in the
problem? code?

Which process?
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Parallel trace replay

» Application records timestamped communication events
One trace file per process

ENTER SEND EXIT
— | I —
traceranki* * O[1@= = =

tracerankj = - O] @~ = =
— =
ENTER RECV EXIT
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Parallel trace replay

« Application records timestamped communication events
One trace file per process

» Analysis processes traverse traces in parallel
Exchange information at original synchronization points

ENTER SEND EXIT
— 1 —
traceranki* * O[] @= = =
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ENTER RECV EXIT
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Post-mortem analysis advantages

« Allows multiple replay passes
» Backward replay lets data travel from effect to cause

ENTER SEND EXIT

—

traceranki = * O] @ = = =

1 -
1O M| backward replay

tracerankj = = QL1 @= = =
— T —
ENTER REGV EXIT
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Root-cause analysis

+ Find delays that cause wait 4 1]
states a 1Delay
g8 2
o
3
4

time

D. Bohme et al.: Identifying the root causes of wait states in large-scale parallel applications
ICPP 2010 (Best Paper Award)
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Root-cause analysis

¢ Find delays that cause wait 8 1
states § 1Delay
2
¢ Follow the propagation chain g Propagation
Distinguish propagating 3 o
and terminal wait states . ropagaon
Incorporate long-distance —
effects in calculation of time
delay costs

D. Bohme et al.: Identifying the root causes of wait states in large-scale parallel applications
ICPP 2010 (Best Paper Award)

M) JULICH RWTHAACHEN
Slide 9  JICS/GRS workshop, April 25,2012  David Bshme ForscHuNcszTLY UNIVERSITY



German Research School
for Simulation Sciences

Example: CICE model

« Analysis of CESM sea ice model on Blue Gene/P
« Performance data mapped onto application topology

Distribution of computation time Distribution of late-sender waiting time

CICE setup: 2048 processes, 1° dipole grid, cartesian grid decomposition
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CICE model: wait-state formation

Slide 11

Wait-state root causes
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opagating wait

i

Terminal wait states
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Critical-path analysis

processes

time

Critical path in a parallel program (shown in red)

D. Bohme et al.: Scalable critical-path based performance analysis. Accepted at IPDPS 2012
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Critical-path profile and imbalance

processes

allocation time

Summary profile

Imbalance impact

wall-clock time

Timeline

Critical-path profile
» Critical-path profile shows wall-clock time consumption

» Critical imbalance indicator finds inefficient parallelism
Imbalance = Teriticas — Tavg
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Analysis of MPMD programs

« Critical path isolates partitions
that dominate runtime

o Extended characterization of
parallel inefficieny

Intra-partition imbalance

===

Inter-partition imbalance

===
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Functional decomposition in climate model
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Example: ddcMD

ddcMD molecular dynamics

simulation

« Particle and mesh forces
calculated in different
partitions

» 3840+256 processes

D. Richards et al.: Beyond Homogeneous
Decomposition, SC’'10
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ddcMD: mesh size tuning

Resource consumption (CPU-hrs)
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Runtime (seconds)

David Bohme

Small mesh size increases
workload of particle tasks

Increasing mesh size shifts
critical path to mesh tasks

Critical path (on particle task) —
Critical path (on mesh task) ——
Total resource consumption

Inter-partition imbalance costs
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Future: Tool interoperability with Score-P

Bl == 1

scalasca ™
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Score-P overview

Event traces Call-path profiles
(OTF2 format) (CUBE4 and TAU formats)

Online
nterface

Score-P measurement infrastructure

Compiler . A OPARI 2
instrumentor

Instrumentation
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Get Scalasca

scalasca ™

« Available under the New BSD open-source licence
- Wwww.scalasca.org
« Current version 1.4.1 features wait-state analysis

- Critical-path and root-cause analysis on request
- Version 2.0 with Score-P support this fall
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