


1

PRACE Workshop: 
HPC code optimisation workshop
Introduction to Likwid
Thomas Gruber, Carla Guillen
LRZ|2–4November2021

HPCCode
Modernization
Workshop



Likwid–LikeIknewwhatIamdoing

• Lightweightcommandlinetoolsforperformancemeasurements.
• Opensource.Softwareavailableat:https://github.com/RRZE-HPC/likwid

Philosophy:
• Simple
• Efficient
• Portable
• Extensible

https://github.com/RRZE-HPC/likwid


WhyLikwid?

Providesseveralfunctionalities:
• Performanceprofiling:Serial,MPI,OpenMP,Hybrid.
• Pinning
• Topology
• EnergyMeasurements
• Changeprocessorfrequencysettings
• Providesasetofbenchmarks(stream,daxpy,ddot,…)

APItoC,C++,Fortran,Python,Java
• ThereareseveraltoolsavailableforHPCapplications.
• Profilingviaadvancedtoolsisoftenoverkill
• Acoarseoverviewisoftensufficient



Thelikwidtools(binaries)

Gathernodearchitecture
information:
• likwid-topology
• likwid-powermeter
Forceaffinitycontrolanddata
placement:
• likwid-pin
• likwid-mpirun

Queryandaltersystemsettings:

• likwid-features

• likwid-setFrequencies

Performanceprofiling:

• likwid-perfctr

• Benchmarking:

• likwid-memsweeper

• likwid-bench



LoadingLikwidonCoolMUC3

• Youcancheckavailableversions:
module av likwid

• Wewillusethe5.2.0-gcc8version
 module load likwid/5.2.0-gcc8
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Exploringlikwid-perfctr

• Simpleend-to-endmeasurementofhardwareperformancemetrics
• Preconfiguredandextensiblemetricgroups,listwith
likwid-perfctr -a
• Operatingmodes:
• Stethoscope
• Timeline
• Wrapper
• MarkerAPI



Exampleofavailablegroups:

BRANCH: Branch prediction miss rate/ratio
CLOCK: Clock of cores
DATA: Load to store ratio
FLOPS_DP: Double Precision MFlops/s
FLOPS_SP: Single Precision MFlops/s
L2: L2 cache bandwidth in MBytes/s
L2CACHE: L2 cache miss rate/ratio
L3: L3 cache bandwidth in MBytes/s
L3CACHE: L3 cache miss rate/ratio
MEM: Main memory bandwidth in MBytes/s
ENERGY: Energy consumption (RAPL)



Stethoscopemode:

• likwid-perfctrmeasuresoncorebaseandhasnonotionwhatrunsonthecores
• Thisenablestolistenonwhatcurrentlyhappenswithoutanyoverhead:

likwid-perfctr –c N:0-11 –g FLOPS_DP -S 10s

• Itcanbeusedascluster/servermonitoringtool
• Afrequentuseistomeasureacertainpartofalongrunningparallelapplicationfrom
outside



Timelinemode:

• Outputstheperformancemetricsinaspecifiedfrequency.
likwid-perfctr -C N:0-11 -g MEM –t 500ms ./a.out 2> 
out.txt



Wrappermode:

Uselikwid-perfctr asawrapperofyourserialormulti-threadedapplication.

likwid-perfctr –C S0:1 –g BRANCH ./a.out
WrapperforMPI(onlyavailablewithmpi.intel)
likwid-mpirun –np 32 –nperdomain S:8 –g CLOCK ./mympiexec

andHybrid(onlyavailablewithmpi.intel)
likwid-mpirun –np 32 -t 4 –g CLOCK ./mympiexec
{0,1,2,3},{4,5,6,7},{8,9,10,11}, …
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L
1
D
L
2

P

T
1
T
2 L

1
D
L
2

P

T
1
T
2 L

1
D
L
2

P

T
1
T
2 L

1
D
L
2

P

T
1
T
2 L

1
D
L
2

P

T
1
T
2 L

1
D
L
2

P

T
1
T
2

L3Memory 
Interface

Memory

L
1
D
L
2

P

T
1
T
2 L

1
D
L
2

P

T
1
T
2

S0 S1

likwid-topology
likwid-pin –p
physical numbering:processorsarenumberedaccordingtothe
numberingintheOS
logical numbering in node:processorsarelogicalnumbered
overwholenode(Nprefix)
logical numbering in socket:processorsarelogicalnumberedin
everysocket(S#prefix,e.g.,S0)
logical numbering in cache group:processorsarelogical
numberedinlastlevelcachegroup(C#prefix,e.g.,C1)
logical numbering in memory domain:processorsarelogical
numberedinNUMAdomain(M#prefix,e.g.,M2)
logical numbering within cpuset:processorsarelogical
numberedinsideLinuxcpuset(Lprefix)
Example:S0:0,1
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MarkerAPImode:

Modifyyourcodebyinsertingcallsto:

LIKWID_MARKER_INIT; //serial

LIKWID_MARKER_REGISTER(“process”); //parallel
LIKWID_MARKER_START(“process”); //parallel
[…]
LIKWID_MARKER_STOP(“process”); //parallel

LIKWID_MARKER_CLOSE; //serial

Compilewith–DLIKWID_PERFMONandexecutewithlikwid-perfctr–m…



Whattomeasure

• Likwidpredefinedperformancegroupshelpyou.
• Performancegroupscomputederivedmetricsonasetofevent.
• Examples:
MEM, L3, L2, FLOPS_DP, FLOPS_SP, FLOPS_AVX
• Thesegroupshavebeenvalidatedbymicrobenchmarking.
• Performancemeasurementsdonotsolveourperformanceproblems.But:wegethintsas
towhatproblemswemayhave.
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Performancequestions?

• ALU/Memorysaturation?
• LoadImbalance?
• Vectorizedfloatingpointoperations?
• Inefficientdataaccess?
• DatabetweenL1andL2Cache?
• BadccNUMAplacement?
• Accessbetweencaches,memoryandremotememory?
• Singleordoubleprecision?Flops/s?
• Controlflowproblems?
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for (int i=0;i<N;++i) {
    array[i] *= array[i];
}



Download example from github:
> git clone https://github.com/carlabguillen/hellolikwid.git
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Demo on usage…





Thank you!
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