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Introduction

* Proxies already presented a few times at this meeting:
- https://indico.fnal.gov/event/15455/contribution/3/material/slides/0.pdf
- https://indico.fnal.gov/event/15868/contribution/4/material/slides/0.pdf

* Developed by Gianluca Petrillo
- Helper classes for easier access to connected data
- Generic interface for any larsoft products
- Few specialized implementation: Tracks (and related objects), SpacePoints

* This talk: promote the usage of proxies through an analyzer example
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https://indico.fnal.gov/event/15455/contribution/3/material/slides/0.pdf
https://indico.fnal.gov/event/15868/contribution/4/material/slides/0.pdf

A Vertex Connection

3

2018/02/13

recob::Vertex

/N~

recob:: Track #1

recob::Track #2

recob::Track #n

Legend:

Assn ——

Assn Meta Data «—
Parallel collection -------- >

2= Fermilab


http://nusoft.fnal.gov/larsoft/doxsvn/html/classrecob_1_1Track.html
http://nusoft.fnal.gov/larsoft/doxsvn/html/classrecob_1_1Track.html
http://nusoft.fnal.gov/larsoft/doxsvn/html/classrecob_1_1Vertex.html
http://nusoft.fnal.gov/larsoft/doxsvn/html/classrecob_1_1Track.html
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http://nusoft.fnal.gov/larsoft/doxsvn/html/classrecob_1_1Track.html
http://nusoft.fnal.gov/larsoft/doxsvn/html/classrecob_1_1Hit.html
http://nusoft.fnal.gov/larsoft/doxsvn/html/classrecob_1_1Vertex.html
http://nusoft.fnal.gov/larsoft/doxsvn/html/classrecob_1_1MCSFitResult.html
http://nusoft.fnal.gov/larsoft/doxsvn/html/classrecob_1_1VertexAssnMeta.html
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Current code for resolving the connection

//

// Get wvertex collection handle and get associated tracks with meta data using FindManyP

auto const& vertexHandle = e.getValidHandle<std::vector<recob::Vertex> >(vtxTag):

auto const& vertexColl = *vertexHandle;

art::FindManyP<recob::Track, recob::VertexAssnMeta> assocTracksWithMeta(vertexHandle, e, vtxTaqg):;

//
// Get track collection handle, get associated hits using FindMany, and get mcs collection (parallel to track collection)
auto const& trackHandle = e.getValidHandle<std::vector<recob::Track> >(trkTag);

art::FindMany<recob::Hit> assocHits(trackHandle, e, trkTag);
auto const& mesColl = ¥ (e.getValidHandle<std::vector<recob::MCSFitResult> >(mcsTag));
/7
// Loop over the vertex collection
for (size_t iv=0; iv<vertexColl.size(); ++iv) {
const recob::Vertex& v = vertexColl[iv];
mf: :LogVerbatim("ProxyExample") << "vertex pos=" << v.position() << " chi2=" << v.chi2();
/7
// Get tracks(+meta) associated to vertex, and loop over them
auto const& assocTks = assocTracksWithMeta.at(iv);
auto const& assocTksMeta = assocTracksWithMeta.data(iv);
for (size t itk=0;itk<assocTks.size();++itk) {
4
// Get the recob::Track and VertexAssnMeta instance
const art::Ptr<recob::Track>& trackAssn = assocTks[itk];
const recob::VertexAssnMeta* trackMeta = assocTksMeta[itk];
mf::LogVerbatim("ProxyExample") << "track with key=" << trackAssn.key() << " and length=" << trackAssn->Length() << " has propDist from vertex=" << trackMeta->propDist();
//
// Get the associated recob::Hit and the MCSFitResult
const recob::MCSFitResult& assocMCS = mcsColl[trackAssn.keyv()];
const std::vector<recob::Hit const*>& hits = assocHits.at(trackAssn.key());
/7
// Print some information
mf: :LogVerbatim( "ProxyExample") << "\tCountValidPoints=" << trackAssn->CountValidPoints() << " and nHits=" << hits.size() << " and MCSMom=" << assocMCS.bestMomentum();
/7
// Now loop cover the associated hits
if (hits.size()<50) {
for (const recob::Hit* h : hits) {
mf: :LogVerbatim( "ProxyExample") << "\t\thit wire=" << h->WireID() << " peak time=" << h->PeakTime();

}

}
} // for track

} // for vertex



Current code for resolving the connection

//
[/
auto const& vertexHand
auto const& vertexColl

art::FindManyP<recob::Track,

//

le =

= *yvertexHandle:;

recob: :VertexAssnMeta> assocTracksWithMeta(vertexHandle,

// Get track collection handle, get associated hits using FindMany, and get mcs collec

auto const& trackHandle =

art::FindMany<recob::Hit> assocHits(trackHandle, e, trkTaqg);

auto const& mesColl =
!/

// Loop over the

*(e.getValidHandle<std:

vertex collection

for (size t iv=0; iv<vertexColl.size()

const recob::Vertexs

v:

mf: :LogVerbatim("ProxyExample") <<

' 4
l 7
// Get tracks(+meta)
auto const& assocTks

auto const& assocTksMeta =

s ++iv) {

vertexCol'[iv],

"vertex pos=

rvaector<recob:

n

<< " chi2="

<< v.position()

associated to vertex, and loop over them
= assocTracksWithMeta.at(iv);

for (size t itk=0;itk<assocTks.size();++itk) ({

/[l
// Get the recob:

const art::Ptr<recob::Track>& trackAssn =
const recob::VertexAssnMeta* trackMeta =
:LogVerbatim("ProxyExample") <<

mf:
//

dSS

assocTracksWithMeta.data(iv);

:Track and VertexAssnMeta instance

ocTks([itk];

assocTksMeta[itk];
"track with key=" << trackAssn.key() << " and le¢

// Get the associated recob::Hit and the MCSFitResult

const recob:
const std:

//

:vector<recob:

// Print some information

mf e

/7

:MCSFitResult& assocMCS =
:Hit const*>& hits =

:LogVerbatim( "ProxyExample") <<

mcsColl

"\tCountValidPoints="

// Now loop over the associated hits

if (hits.size()<50

for (const recob::

}

}
} // for track

} // for vertex

) 1
Hit* h

: hits)
mf: :LogVerbatim( "ProxyExample") <<

{

"\t\thit wire="

[trackAssn.key()];

assocHits.at(trackAssn.key());

<< h->WirelID() << "

e.getValidHandle<std: :vector<recoh::Track> >(trkTag);

:MCSFitResult> >(mesTag));

<< v.ch

<< trackAssn->CountValidPq

peak ti

Get vertex collection handle and get assoclated tracks with meta data using FindManyP
e.getValidHandle<std: :vector<recob::Vertex> >(vtxTag):

e,

vtxTaqg):;

»
- *~
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Same example using proxies

92 /Y

93 // Get vertex collection proxy and associated tracks, with meta data

94 auto consté& vertices = proxy::getCollection<std::vector<recob::Vertex> >(e,vtxTag,proxy::withAssociatedMeta<recob::Track, recob::VertexAssnMeta>());

95 /7

96 // Get track collection proxy and parallel mcs fit data (associated hits loaded by default)

97 // Note: if tracks were produced from a TrackTrajectory collection you could access the original trajectories adding ',proxy::withOriginalTrajectory()' to the list of arguments
98 auto const& tracks = proxy::getCollection<proxy::Tracks>(e,trkTag,proxy::withParallelData<recob::MCSFitResult>(mcsTag));

99 /Y

100 // Loop over vertex proxies (get recob::Vertex with '->")

101 for (const auto& v ! vertices) (

102 mf: :LogVerbatim("ProxyExample") << "vertex pos=" << v->position() << " chi2=" << y->chi2();

103 /'

104 // Get tracks(+meta) associated to vertex, and loop over them

105 const auto& assocTracks = v.get<recob::Track>();

106 for (const auto& trackAssn : assocTracks) {

107 //

108 // Note that here we access the methods of recob::Track using '->' and that we get the recob::VertexAssnMeta with '.data()'

109 mf : :LogVerbatim( "ProxyExample") << "track with key=" << trackAssn.key() << " and length=" << trackAssn->Length() << " has propDist from vertex=" << trackAssn.data().propDist();
110 //

111 // Now get the track proxy from the key, and use it to access the parallel MCSFitResult; note that the track proxy has already access to the associated hits
112 const auto& track = tracks[trackAssn.key()]:

113 const recob::MCSFitResult& assocMCS = track.get<recob::MCSFitResult>();

114 !/

115 // Print some information; here we access the methods of recob::Track using '->' and proxy::Track with '.'

116 // Note: if the original trajectories were associated to the proxy, you could get the original/unfitted length with 'track(proxy::Tracks::Unfitted)->Length()'
117 mf : :LogVerbatim( "ProxyExample") << "\tCountValidPoints=" << track->CountValidPoints() << " and nHits=" << track.nHits() << " and MCSMom=" << assocMCS.bestMaomentum();
118 //

119 // Now loop over the associated hits from the track proxy

120 if (track.nHits()<50) {

121 for (const art::Ptr<recob::Hit>& h : track.hits()) {

122 mf: :LogVerbatim( "ProxyExample") << "\t\thit wire=" << h->WirelID() << " peak time=" << h->PeakTime();

123 }

124 h

125 } // for associated tracks

126 } // for vertices
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Same example using proxies

//
// Get vertex collection proxy and associated tracks, with meta data
auto const& vertices = proxy::getCollection<std::vector<recob::Vertex> >(e,vtxTag,proxy::withAssociatedMeta<recob::Track, recob::VertexAssnMeta>());

//
// Get track collection proxy and parallel mcs fit data (associated hits loaded by default

// Note: if tracks were produced from a TrackTrajectory collection you could access the orRV¥ieisiue) ¢ pOS=C804538,115871,644—594) ch12=0.0230846

t ta t ] = : :getCollection< 3t T ks> (e, trkTag, ye:withP llelDat . .
Sy ConEER e SHRE AR S S A S A track with key=0 and length=24.8163 has propDist from vertex=-3.14808

// Loop over vertex proxieles (get recob::Vertex with '->") CountValidPoints=136 and nHits=153 and MCSMom=0.73
for (const autod v : vertices) { track with key=1 and length=4.17498 has propDist from vertex=-1.69366

mf::LogVerbatim("ProxyExample") << "vertex pos=" << v->position() << " chi2=" << v->chi?2

/1 CountValidPoints=14 and nHits=2@0 and MCSMom=7.5
// Get tracks(+meta) associated to vertex, and loop over them
const auto&k assocTracks = v.get<recob::Track>(); hlt wire=C:0 T:0 P:1 W:778 peak time=2231.83
for (const auto& trackAssn : assocTracks) { hit wire=C:0 T:0 P:1 W:/779 peak time=2228.23
(5 | o hit wire=C:Q T:0 P:1 W:780 peak time=2224.08
// Note that here we access the methods of recob::Track using '->' and that we get the . . .
mf : :LogVerbatim( "ProxyExample") << "track with key=" << trackAssn.key() << " and lengt hit wire=C:0 T:0 P:2 W:222 peak time=2224.86
// | | | hit wire=C:Q T:0 P:1 W:781 peak time=2220.16
// Now get the track proxy from the key, and use it to access the parallel MCSFitResul . . ,
const auto& track = tracks[trac}(hssn.}{ey()]; hlt ere=C:® T:@ P:Z W:223 peak tlme=222®. 93
const recob::MCSFitResult& assocMCS = track.get<recob::MCSFitResult>(); hit wire=C:0 T:09 P:1 W:782 peak time=2215.36
// . X ,
// Print some information; here we access the methods of recob::Track using '->' and p hit wire=C:0 T:0 P:2 W:224 peak time=2217.66
f’,f" Note: ii tk.le original trelljectorie\s\ were asio(cilated to the pro})fy, you COLlll(di get the hit wire=C:0 T:0 P:1 W:783 peak t1me=2210.11
mf : :LogVerbatim( "ProxyExample") << "\tCountValidPoints=" << track->CountValidPoints N X :
T es L ronyERenere ) Y hit wire=C:0 T:0 P:2 W:226 peak time=2211.13
{’/ Now loop over the associated hits from the track proxy hit wire=C:0 T:0 P:2 W:227 peak time=2206.9%4
£ (1) (e n + tracnitaO ¢ hit wire-C:0 T:0 P:2 Wi228 peck tine-2201.44
mf: :LogVerbatim( "ProxyExample") << "\t\thit wire=" << h->WireID() << " peak time=" hit wire=C:0Q T:0 P:2 W:229 peak time=2200.3
}} hit wire=C:0 T:0 P:2 W:230 peak time=2198.49
} // for associated tracks hit wire=C:0 T:9 P:2 W:217 peak time=2241.25
b // for vertices hit wire=C:0 T:0 P:2 W:218 peak time=2238.19
hit wire=C:0 T:9 P:2 W:219 peak time=2234.03
hit wire=C:0 T:0 P:2 W:220 peak time=2231.18
g 2018/02/13 h?t w?re=C:® T:0 P:2 W:221 peak t?me=2227.69
hit wire=C:0 T:9 P:2 W:225 peak time=2213.85



Notes

» Code with proxy is more compact, and (for the most part) more intuitive

* |t preserves the association order!
- FindMany does not: the printed output reshuffled in the ‘old’ version

* Detalls to pay attention to:

- when declaring the proxy, the type of connection/association is specified
* can access more than one!

- proxy itself accessed with ‘.’, underlying object with *->’
- connected object retrieved with .get<object>, then meta data with ‘.data()’

- specialized proxies give more direct access to some of the information
* e.g. hits from track proxy

- NO proxy of proxy :-(
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Track proxy

* The use of proxies is especially recommended for recob::Tracks
* Large number of potentially useful association/connections
* For some of them specializations exist (Hits and TrackFitHitInfo)

* Tracks need to follow these requirements in order to use the proxy:
- at least two trajectory points
- for each track, there is one hit per trajectory point

- hits in the association are in a well-defined order: first are the hits of the first track, sorted
INn the same way as their trajectory points

- (all track producer currently in LArSoft currently comply with these, | think)

* Using track proxy will make the recob::Track migration easier
- see next slide
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Track proxy and recob::Track migration

* LArSoft team presented several times the plan to complete the migration of

recob::Tracks to the new schema
- recob::TrackTrajectories for ‘unfitted’ tracks (ordered set of trajectory points)

- recob::Track for *fitted’ tracks (cov. matrix and chi2) from input recob::TrackTrajectories

» Currently everybody using recob::Track for both ‘fitted’ and ‘unfitted’

* Track proxy accesses both recob::Track and original TrackTrajectory, e.g.:
- auto const& tracks = proxy::getCollection<proxy::Tracks>(e,trkTag,proxy::withOriginalTrajectory());

for (const auto& trackproxy : tracks) {

auto chi2 = trackproxy->Chi2();
auto unfitL = trackproxy(proxy::Tracks::Unfitted)->Length(); //operator(proxy::Tracks::TrackType_t)

-
» Updating your code to using proxies NOW will make it straightforward to

update it to the new schema and access the fitted, unfitted, or both objects!
2& Fermilab
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Links to documentation

* http://nusoft.ftnal.gov/larsoft/doxsvn/html/classRecoProxyUsageExample.html

* https://cdcvs.fhal.gov/redmine/projects/larexamples/repository/revisions/
develop/entry/larexamples/RecoProxyUsageExample/
RecoProxyUsageExample_module.cc

* http://nusoft.tnal.gov/larsoft/doxsvn/html/group_ LArSoftProxies.html

- and links from there, including:
- http://nusoft.fnal.gov/larsoft/doxsvn/ntml/group LArSoftProxyTracks.html
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http://nusoft.fnal.gov/larsoft/doxsvn/html/classRecoProxyUsageExample.html
https://cdcvs.fnal.gov/redmine/projects/larexamples/repository/revisions/develop/entry/larexamples/RecoProxyUsageExample/RecoProxyUsageExample_module.cc
https://cdcvs.fnal.gov/redmine/projects/larexamples/repository/revisions/develop/entry/larexamples/RecoProxyUsageExample/RecoProxyUsageExample_module.cc
https://cdcvs.fnal.gov/redmine/projects/larexamples/repository/revisions/develop/entry/larexamples/RecoProxyUsageExample/RecoProxyUsageExample_module.cc
http://nusoft.fnal.gov/larsoft/doxsvn/html/group__LArSoftProxies.html
http://nusoft.fnal.gov/larsoft/doxsvn/html/group__LArSoftProxyTracks.html

