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ign-level lattice QCD worktlow

Gauge field | Observable | Data Analysis

MC generation calculation

Gauge field generation: MCMC sampler, on supercomputer, using HPC lattice library

Observable calculation: process gauge fields into observable samples, typically QFT
correlation functions; on supercomputer

Data analysis: statistical data analysis of observables, on laptop/workstation

Hadrons aims at solving the observable calculation step



Main problems to solve

- MCMC sampler is quite homogeneous in terms of workflows
- Observable calculation varies very much across the field

- However: elementary steps are similar
(e.g. quark propagator calculations, Feynman diagram contractions, etc...)

- Similar low-level steps, heterogeneous high-level structure

=== Good application for dataflow programming paradigm



Datallow programming

. A calculation is a graph off elementary steps (modules or nodes)

- A modules take inputs and generate outputs

. Inputs are generated by other modules etc...

- Initial modules have no inputs, final modules have no outputs

- Data flows between computation steps

- Module design is independent from complexity of high-level calculation
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General design of Hadrons

Language and dependencies

- Hadrons is a GPL v2 open-source C++14 library
& https://aithub.com/aportelli/hadrons

- |tis built as a high-level extension of the Grid library

& https://aithub.com/pabovle/Grid

- Grid is o multi-platform HPC lattice library supporting
x86, ARM, AMD/NVIDIA/Intel GPUs

- Hadrons use Grid APl for low-level operations

- Documentation https://aportelli.github.io/Hadrons-doc



https://github.com/aportelli/hadrons
https://github.com/paboyle/Grid
https://aportelli.github.io/Hadrons-doc

General design of Hadrons
Modules

- The Environment is a global object container

- Objects are identitied by strings and can have Inputs
any C++ type

- Modules are arbitrary Grid routines that

1. (maybe) read inputs from the environment

2. Do some processing \

3. (maybe) store outputs in the environment Outputs
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Hadrons

General design o

Module graph overview

Gauge <+ Configuration file (NERSC, ILDG, ...)
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Adrons

General design o
Real module graph
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Adrons

General design o

Global containers: Environment

- The environment class is implemented using a singleton pattern

- |t can be accessed anywhere with [SaERgelalilcIa s

. |t can be accessed within a module with

. |t stores grids and objects, they can be created using the functions above, or the
convenience macros from Module. hpp (look for al )

- Memory management is automatic (I'll come to this in a few slides)

- Object can have standard/temporary/cache scope

10



[ )

General design of Hadrons

Global containers: VirtualMachine

- Also a singleton (access with JEIaYIEINEIdIFIcHE
. Stores the modules themselves

. Stores dependency graphs for modules and objects
- Can execute a module graph

- At a high-level, it is unlikely you need to directly interact with it
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Adrons

General design o

Application class

Application application;

- The Application classis a high-level AP

Application::GlobalPar globalPar;

to create a workflow with modules globalPar. trajCounter.start

globalPar.trajCounter.end
globalPar.trajCounter.step
application.setPar(globalPar);

- Handles interactions with the VM, including:

application.createModule<MGauge: :Unit>(“

MSource::Z2::Par z2Par;

- Inserting modules in the graph 12par.th = 0
zZ2Par.tB = 0;

application.createModule<MSource::Z2>("z2", z2Par);
MSource: :Point::Par ptPar;

. . . ptPar.position = "0 @ 0 0",
- FiLJF\FWIF]QJ thEB C]F)K)‘|(>Cjt|C)r] application.createModule<MSource::Point>("pt", ptPar);

MSink::Point::Par sinkPar;

- Applications created using an XML or C++ AP sinkPar.mom = "0 0 0";

application.createModule<MSink: :ScalarPoint>("sink", sinkPar);
application.createModule<MSink: :SMatPoint>("sinkMat", sinkPar);

. C++ APl strongly recommended tor production

application.saveParameterFile("spectrum.xml");
application.run();




Module execution sequence

- All modules derive from Modu leBase

- The setup virtual function deals with memory 3
allocations and small parameter parsing S
g

- The execute virtual function do the actual physics Execution

calculation

. execute is always ran after setup

Garbage collection

. After the execution step, garbage collection is done
(this is done automatically, see next slide)




Module dependencies

- Modules can overload getInput() and getOutput()
- Both functions just return a vector of strings with the inputs/outputs names

- More advanced: getObjectDependencies () setup dependencies between objects
(e.g. i an output own a reference on an input)

- When the graph is complete, all inputs must be the outputs of modules

- QOutputs do not need to be inputs

- The dependencies ignore types, a type error would potentially happen in execute
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Module parameters

- Module parameters are provided as a Grid
serialisable class

. Thisis a template argument of Module

- Anywhere in the module, runtime parameters
can be accessed through [SEIfS,

- Parameters are provided through the C++/XML
APl when the module is createad

class PointPar: Serializable
{
public:
GRID_ SERIALIZABLE_CLASS MEMBERS(PointPar,
std::string, position);

&

template <typename FImpl>
class TPoint: public Module<PointPar>

{
&
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Schedu.

Execution scheduling
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Scheduling

Garpage collection scheduling

- After each module execution
1. Any object with temporary scope is destroyed

2. Any object which is
a) not the input of a future module
b) not the dependency of any required object
s destroyed

- Things can get complicated, the log says explicitly what is destroyed

- The debug log will dump the whole garbage collection schedule
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Datapase support

- Hadrons supports cataloguing informations in SQLite databases

- Three databases
- Application DB: module graph and parameters

- Stat DB: realtime run statistics

- Result DB: result file catalogue (user-defined)
.« See Test_hadrons_spectrum for an usage example of the result DB

- Data analysis crawling through a file tree is fragile, use databases!
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ntegrated profiling

At the of a run the application will
automatically return an ordered list of the
heaviest modules by names and types

Steps in a module can also be profiled using
the startTimer/stopTimer functions

This is zero-overhead ad-hoc profiling

In most cases it will get you 90% of the way
to optimal code, think about it before using
complicated third-party profilers

Module type breakdown
Grid::Hadrons::MFermion: :GaugeProp: 5.788e+04 s (58.4%)
Grid::Hadrons::MFermion::ZGaugeProp: 3.196e+04 s (32.2%)
Grid::Hadrons::MFermion::EMLepton: 3327 s (3.4%)
Grid::Hadrons::MContraction::WardIdentity: 1774 s (1.8%)
)
)

Grid::Hadrons::MIO::LoadCoarseFermionEigenPack250F: 1652 s (1.7%

Grid::Hadrons::MContraction: :WeakMesonDecayK12: 1517 s (1.5%
Grid::Hadrons::MContraction::Meson: 536.9 s (0.5%)
Grid::Hadrons::MSink::Smear: 323.8 s (0.3%)
Grid::Hadrons: :MSource: :SegAslash: 80.95 s (0.1%)
Grid::Hadrons::MAction::ScaledDWF: 34.77 s (0.0%)

module type profile in log

for (unsigned int step = 1; step <= par().steps; step++) {

flowt += evolve.epsilon;

LOG(Message) << "Step " << step << " (tau = "<< flowt << ")" << std::endl;
startTimer("evolution");

evolve.evolve_gauge(Uwf);

stopTimer("evolution");

}

if (step % par().meas_interval == 0) {

LOG(Message) << "Compute observables" << std::endl;
startTimer("observables");
evolve.gauge_status(Uwf, result, flowt);
stopTimer("observables");

}

custom timers for profiling within a module
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ow to get started

- Module documentation: https://aportelli.github.io/Hadrons-doc

- Read simple module code (e.g. sources or actions)
- Read examples in the tests folder

. A C++ application template is available in the application—-template folder


https://aportelli.github.io/Hadrons-doc

“uture teatures

- The Grid serialisation is rigid and bound to C++ code

- Overhaul of the serialisation in Hadrons as a separate library: Scribe

- Will support schemas, HDF5 & JSON, Python binding, etc...

- The genetic scheduler does not currently scale for large workflows

- The main issue is the memory counting

- Will be overhauled with a parallel algorithm based on freeing priority

. Jet GUI: cf. Ryan’s talk now
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