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How much of an application can be optimized?

ÁWhat would the effort/gain ratio be?

Where is the application spending most execution time and 

resources?

Why is the application spending time there?

ÁAlgorithm, implementation, runtime or hardware?

ÁData access or computation?

How to improve the application?

ÁAt which step(s) of the workflow or dev process?

ÁWhat additional information is needed?
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Algorithm

Implementation

Source Code Parallelisation

Compilation

Execution

Performance analysis and optimisation
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Pinpointing the performance bottlenecks

Identifying the dominant category of issues

ÁAlgorithms, implementation, parallelism, é

Making the best use of the machine features

ÁComplex multicore and manycore CPUs

ÁComplex memory organization

Finding the most rewarding issues to be fixed

Á40% total time, expected 10% speedup
ÁČ TOTAL IMPACT: 4% speedup

Á20% total time, expected 50% speedup
ÁČ TOTAL IMPACT: 10% speedup

Č Need for dedicated and complementary tools
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?

A multifaceted problem
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1) High number of statements

2) Non-unit stride accesses

3) Indirect accesses

4) DIV/SQRT

5) Reductions

6) Variable number of iterations

Code of a loop representing ~10% walltime

Source code and associated issues:
do j = ni + nvalue1, nato

nj1 = ndim3d*j + nc ; nj2 = nj1 + nvalue1 ; nj3 = nj2 + nvalue1

u1 = x11 ïx(nj1) ; u2 = x12 ïx(nj2) ; u3 = x13 ïx(nj3)

rtest2 = u1*u1 + u2*u2 + u3*u3 ; cnij = eci*qEold(j)

rij = demi*(rvwi + rvwalc1(j))

drtest2 = cnij/(rtest2 + rij) ; drtest = sqrt(drtest2)

Eq = qq1*qq(j)*drtest

ntj = nti + ntype(j)

Ed = ceps(ntj)*drtest2*drtest2*drtest2

Eqc = Eqc + Eq ; Ephob = Ephob + Ed

gE = (c6*Ed + Eq)*drtest2 ; virt = virt + gE*rtest2

u1g = u1*gE ; u2g = u2*gE ; u3g = u3*gE

g1c = g1c ïu1g ; g2c = g2c ïu2g ; g3c = g3c ïu3g

gr(nj1, thread_num) = gr(nj1, thread_num) + u1g

gr(nj2, thread_num) = gr(nj2, thread_num) + u2g

gr(nj3, thread_num) = gr(nj3, thread_num) + u3g

end do

6) Variable number of iterations

2) Non -unit stride accesses

4) DIV/SQRT

3) Indirect accesses

5) Reductions

2) Non -unit stride accesses
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Motivating example
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Objectives:

ÁCharacterizing performance of HPC applications

ÁFocusing on performance at the core level

ÁGuiding users through the optimization process

ÁEstimating return on investment ( R.O.I. )

Characteristics:

ÁModular tool offering complementary views

ÁSupport for Intel x86 - 64 and Xeon Phi
ÁARM on -going development

ÁLGPL3 Open Source software

ÁDeveloped at UVSQ since 2004

ÁBinary release available as a static executable
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MAQAO: Modular Assembly Quality Analyzer and Optimizer
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MAQAO is used for optimizing industrial and academic HPC applications:

ÁQMC=CHEM (IRSAMC)
ÁQuantum chemistry

ÁSpeedup: > 3x
ÁOptimization: moved invocations of functions with identical parameters out of the loop body 

ÁYales2 (CORIA)
ÁComputational fluid dynamics

ÁSpeedup: up to 2.8x
ÁOptimization: removing double structure indirections 

ÁPolaris (CEA)
ÁMolecular dynamics

ÁSpeedup: 1.5x ï1.7x
ÁOptimization: enforcing loop vectorization through compiler directives

ÁAVBP (CERFACS)
ÁComputational fluid dynamics 

ÁSpeedup: 1.08x ï1.17x
ÁReplaced divisions by reciprocal multiplications

ÁComplete unrolling of loops with a small number of iterations
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Success stories
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MAQAO is funded by UVSQ, Intel and CEA (French department of energy) through Exascale Computing 

Research (ECR) and the French Ministry of Industryôs various FUI/ITEA projects (H4H, COLOC, 

PerfCloud , ELCI, etc...)

Provides core binary analysis and instrumentation capabilities and features for other tools:

ÁTAU performance tools with MADRAS patcher through MIL (MAQAO Instrumentation Language) 

ÁATOS bullxprof with MADRAS through MIL

ÁIntel Advisor

ÁINRIA Bordeaux HWLOC

PeXL ISV also contributes to MAQAO:

ÁCommercial performance optimization expertise

ÁTraining and software development

Áwww.pexl.eu
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Partnerships

http://www.pexl.eu/
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MAQAO team and collaborators
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Advantages of binary analysis:

ÁCompiler optimizations increase the distance between the executed code and the source code

ÁSource code instrumentation may prevent the compiler from applying certain transformations

Evaluate the ñrealò executed code: What You Analyse Is What You Run

Main steps:

ÁConstruct high level structures (CFG, DDG, SSA, é)

ÁRelate the analyses to source code
ÁA single source loop can be compiled as multiple assembly loops

ÁAffecting unique identifiers to loops
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Loop
L255@file.c

Loop 1 Loop 2 Loop 3

Loop 4

Loop 5

Peel/Prolog

Main

Tail/Epilog

ASM

Source

Analysis at binary level
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MAQAO Main structure
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Disassembly

Application

Analysis

Lua API

Patching

LProf

CQA

Other 

modules

Internal 

Representation

+ Sampling

+ Machine 

model

ONE View

Reports

Loop 42 50 %
vectorised
Potential x1.2
speedup
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Decision tree
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Profiling

Loops of interest

Analysis

CPU oriented

Code Quality Analysis

Value Profiling

Differential analysis

Memory oriented

Memory behaviour 
characterization

Differential analysis

MAQAO Methodology
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Goal : Lightweight localization of application 

hotspots

Features:

ÁSampling based

ÁAccess to hardware counters

ÁAnalysis at function and loop granularity

Strengths:

ÁNon intrusive : No recompilation necessary

ÁLow overhead

ÁAgnostic with regard to parallel runtime
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MAQAO LProf : Lightweight Profiler
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Goal: Assist developers in improving code performance

Features:

ÁStatic analysis: no execution of the application

ÁAllows cross - analysis of/on multiple architectures

ÁCompiler generated code quality evaluation

ÁProposes hints and workarounds to improve 

quality/performance

ÁLoops centric
ÁIn HPC, loops cover most of the processing time

ÁTargets compute - bound codes 
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MAQAO CQA: Code Quality Analyzer
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Applications exploit at best 5 to 10% of the peak performance.

Main elements of analysis:

ÁPeak performance

ÁExecution pipeline

ÁResources/Functional units

Key performance levers for core level efficiency:

ÁVectorization

ÁAvoiding high latency instructions if possible (DIV/SQRT)

ÁGuiding the compiler code optimization

ÁReorganizing memory and data structures layout
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Same instruction ïSame cost

Process up to 
8X data

MAQAO CQA: Main Concepts
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Compilers can be driven using flags, pragmas, and keywords:

ÁEnsuring full use of architecture capabilities (e.g. using flag -xHost on AVX capable machines)

ÁForcing optimizations (unrolling, vectorization, alignment, é)

ÁBypassing conservative behaviour when possible (e.g. 1/X precision)

Hints for implementation changes:

ÁImprove data access patterns
ÁMemory alignment

ÁLoop interchange

ÁChanging loop strides

ÁReshaping arrays of structures

ÁAvoid instructions with high latency (SQRT, DIV, GATHER, SCATTER, é) 
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MAQAO CQA: Guiding the compiler and hints
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Automating the whole analysis process

ÁInvoke multiple MAQAO modules

ÁGenerate aggregated performance views 

ÁGenerate a report in HTML format

Main steps:

ÁInvokes LProf to identify hotspots

ÁInvokes CQA on hotspots

Available results:

ÁSpeedup predictions

ÁGlobal code quality metrics 

ÁHints for improving performance

ÁParallel efficiency analysis
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MAQAO ONE View: Performance View Aggregator
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ONE View execution

ÁProvide all parameters necessary for executing the application
ÁParameters can be passed on the command line or as a configuration file

ÁParameters include binary name, MPI commands, dataset directory, é

ÁAnalyses can be tweaked if necessary
ÁReport level one corresponds to lightweight profiling ( LProf ) and code quality analysis ( CQA )

ÁONE View can reuse an existing experiment directory to perform further analyses

ÁResults available in HTML format by default
ÁXLS spreadsheets and textual output generation are also available

Online help is available:
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$ maqao oneview -- create - report=one -- binary =bt - mz.C.16 -- mpi_command=" mpirun - n 16"

Analysing an application with MAQAO

$ maqao oneview -- create - report=one -- config= my_config.lua "

$ maqao oneview -- help
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MAQAO modules can be invoked separately for advanced analyses

ÁLProf
ÁProfiling 

ÁDisplay functions profile

ÁDisplaying the results from a ONE View run

ÁCQA

Online help is available:
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$ maqao lprof xp =exp_dir -- mpi - command="mpirun - n 16" -- ./bt - mz.C.16

Analysing an application with MAQAO

$ maqao lprof xp =exp_dir ïdf

$ maqao lprof xp =oneview_xp_dir / lprof_npsu ïdf

$ maqao cqa loop =42 bt - mz.C.16

$ maqao cqa -- help

$ maqao lprof -- help
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Global summary

Experiment summary

ÁMachine characteristics and configuration

Global metrics

ÁGeneral quality metrics derived from MAQAO 

analyses

ÁGlobal speedup predictions
ÁSpeedup prediction depending on the number of vectorised 

loops

ÁOrdered speedups to identify the loops to optimise first

35TH VI -HPS TUNING WORKSHOP (HLRS, GERMANY, 14 -18 SEPTEMBER 2020 ) - ONLINE 19


