
Kyle J. Knoepfel
LArSoft coordination meeting
1 November 2022

art 3.10, 3.11, and 3.12



• LArSoft has been using art 3.09 since July 2021
• Some large-ish changes in art since then

Only some of them are breaking

• https://github.com/art-framework-suite/art/releases
• Today, I’ll cover (most of) those changes

Preliminaries
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https://github.com/art-framework-suite/art/releases


art 3.10
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Possibly breaking: The fhicl-cpp bug fix could break user code that includes
fhiclcpp/types/Sequence.h in any header files used
during dictionary generation.



art 3.11 (big)
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art 3.11 (big)

11/1/22 Kyle J. Knoepfel | LArSoft coordination meeting5



art 3.11 (big)
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You will need to specify a product semantic when calling (Sub)Run::put.
Specifying… …means the product corresponds to
art::fullRun() The full run
art::runFragment() All events processed for that run fragment
art::runFragment(rs) The custom set of event ranges rs
art::fullSubRun() The full subrun
art::subRunFragment() All events processed for that subrun fragment
art::subRunFragment(rs) The custom set of event ranges rs



Getting parent collection of art::Ptr
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Getting parent collection of art::Ptr
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art::Ptr<T> ptr = ...;
*ptr; // Ensure parent product is in memory

art::Handle<std::vector<U>> h;
e.get(ptr.id(), h);
auto const& ts = *h;

Up through art 3.10



Getting parent collection of art::Ptr
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art::Ptr<T> ptr = ...;
*ptr; // Ensure parent product is in memory

art::Handle<std::vector<U>> h;
e.get(ptr.id(), h);
auto const& ts = *h;

Up through art 3.10

art 3.11

art::Ptr<T> ptr = ...;
auto const& ts = ptr.parentAs<std::vector>(); // or ...
auto const& ts = ptr.parentAs<std::vector<U>>(); // if T != U



How do you create an art::Ptr?
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How do you create an art::Ptr?
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Up through art 3.10
auto tsH = e.getValidHandle<std::vector<T>>(tag);

auto ptrs = std::make_unique<std::vector<art::Ptr<T>>>();
for (size_t i = 0; i != tsh->size(); ++i) {
ptrs->push_back(art::Ptr<T>{tsH, i});

}
e.put(move(ptrs));

Collection and Ptrs created
in different modules



How do you create an art::Ptr?
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Up through art 3.10
auto tsH = e.getValidHandle<std::vector<T>>(tag);

auto ptrs = std::make_unique<std::vector<art::Ptr<T>>>();
for (size_t i = 0; i != tsh->size(); ++i) {
ptrs->push_back(art::Ptr<T>{tsH, i});

}
e.put(move(ptrs));

auto ts = std::make_unique<std::vector<T>>();
// fill ts

auto ts_pid = e.getProductID<std::vector<T>>();
auto getter = e.productGetter(ts_pid);
auto ptrs = std::make_unique<std::vector<art::Ptr<T>>>();
for (size_t i = 0; i != ts->size(); ++i) {
ptrs->push_back(art::Ptr<T>{ts_pid, i, getter});

}
e.put(move(ts));
e.put(move(ptrs));

Collection and Ptrs created
in different modules

Collection and Ptrs created
in same module



How do you create an art::Ptr?
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art 3.11 
auto tsH = e.getValidHandle<std::vector<T>>(tag);

auto ptrs = std::make_unique<std::vector<art::Ptr<T>>>();
for (size_t i = 0; i != tsh->size(); ++i) {
ptrs->push_back(art::Ptr<T>{tsH, i});

}
e.put(move(ptrs));

auto ts = std::make_unique<std::vector<T>>();
// fill ts
auto tsH = e.put(move(ts));

auto ptrs = std::make_unique<std::vector<art::Ptr<T>>>();
for (size_t i = 0; i != tsH->size(); ++i) {
ptrs->push_back(art::Ptr<T>{tsH, i});

}
e.put(move(ptrs));

Collection and Ptrs created
in different modules

Collection and Ptrs created
in same module



How do you create an art::Ptr?
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art 3.11 
auto tsH = e.getValidHandle<std::vector<T>>(tag);

auto ptrs = std::make_unique<std::vector<art::Ptr<T>>>();
for (size_t i = 0; i != tsh->size(); ++i) {
ptrs->push_back(art::Ptr<T>{tsH, i});

}
e.put(move(ptrs));

auto ts = std::make_unique<std::vector<T>>();
// fill ts
auto tsH = e.put(move(ts));

auto ptrs = std::make_unique<std::vector<art::Ptr<T>>>();
for (size_t i = 0; i != tsH->size(); ++i) {
ptrs->push_back(art::Ptr<T>{tsH, i});

}
e.put(move(ptrs));

Collection and Ptrs created
in different modules

Collection and Ptrs created
in same module



How do you create an art::Ptr?
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art 3.11 
auto tsH = e.getValidHandle<std::vector<T>>(tag);

auto ptrs = std::make_unique<std::vector<art::Ptr<T>>>();
for (size_t i = 0; i != tsh->size(); ++i) {
ptrs->push_back(art::Ptr<T>{tsH, i});

}
e.put(move(ptrs));

auto ts = std::make_unique<std::vector<T>>();
// fill ts
auto tsH = e.put(move(ts));

auto ptrs = std::make_unique<std::vector<art::Ptr<T>>>();
for (size_t i = 0; i != tsH->size(); ++i) {
ptrs->push_back(art::Ptr<T>{tsH, i});

}
e.put(move(ptrs));

Collection and Ptrs created
in different modules

Collection and Ptrs created
in same module

What is this?



• Lightweight handle that allows immediate (and immutable) access to the product 
put onto the event (and subrun, etc.)

• You do not have to use it—i.e. you can discard the return value of Event::put.

Introducing art::PutHandle<T> with art 3.11
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• Lightweight handle that allows immediate (and immutable) access to the product 
put onto the event (and subrun, etc.)

• You do not have to use it—i.e. you can discard the return value of Event::put.
• A PutHandle is always valid.

Cannot default-construct or invalidate a PutHandle.

• You cannot access provenance information through a PutHandle.

Introducing art::PutHandle<T> with art 3.11
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• Lightweight handle that allows immediate (and immutable) access to the product 
put onto the event (and subrun, etc.)

• You do not have to use it—i.e. you can discard the return value of Event::put.
• A PutHandle is always valid.

Cannot default-construct or invalidate a PutHandle.

• You cannot access provenance information through a PutHandle.
• Implicitly convertible to a ProductID to support backwards compatibility for now.

Introducing art::PutHandle<T> with art 3.11
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art::ProductID id = e.put(move(ts)); // Old form -- allowed in art 3.11

art::PutHandle<std::vector<T>> tsH = e.put(move(ts)); // New form

auto tsh = e.put(move(ts)); // Encouraged form



Creating collections and Assns in the same module
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using uints = vector<size_t>;
using strings = vector<string>;

void produce(art::Event& e)
{
// Collections among which we will make associations
auto vui = std::make_unique<uints>(uints{2, 0, 1});
auto vs = std::make_unique<strings>(strings{"one", "two", "zero"});

// Product IDs and getters
art::ProductID vui_pid = e.getProductID<uints>();
art::ProductID vs_pid = e.getProductID<strings>();

art::EDProductGetter const* vui_getter = e.productGetter(vui_pid);
art::EDProductGetter const* vs_getter = e.productGetter(vs_pid);

// Now create the Assns
auto assns = std::make_unique<art::Assns<size_t, string>>();
assns->addSingle(art::Ptr<size_t>{vui_pid, 1, vui_getter}, art::Ptr<string>{vs_pid, 2, vs_getter});
assns->addSingle(art::Ptr<size_t>{vui_pid, 2, vui_getter}, art::Ptr<string>{vs_pid, 0, vs_getter});
assns->addSingle(art::Ptr<size_t>{vui_pid, 0, vui_getter}, art::Ptr<string>{vs_pid, 1, vs_getter});

e.put(move(vui));
e.put(move(vs));
e.put(move(av));

}

art 3.10 example



Creating collections and Assns in the same module
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using uints = vector<size_t>;
using strings = vector<string>;

void produce(art::Event& e)
{
// Collections among which we will make associations
auto vuiH = e.put(std::make_unique<uints>(uints{2, 0, 1}));
auto vsH = e.put(std::make_unique<strings>(strings{"one", "two", "zero"}));

// Now create the Assns
auto assns = std::make_unique<art::Assns<size_t, string>>();
assns->addSingle(art::Ptr<size_t>{vuiH, 1}, art::Ptr<string>{vsH, 2});
assns->addSingle(art::Ptr<size_t>{vuiH, 2}, art::Ptr<string>{vsH, 0});
assns->addSingle(art::Ptr<size_t>{vuiH, 0}, art::Ptr<string>{vsH, 1});
e.put(move(assns));

}

art 3.11 example



Creating collections and Assns in the same module
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using uints = vector<size_t>;
using strings = vector<string>;

void produce(art::Event& e)
{
// Collections among which we will make associations
auto vuiH = e.put(std::make_unique<uints>(uints{2, 0, 1}));
auto vsH = e.put(std::make_unique<strings>(strings{"one", "two", "zero"}));

// Now create the Assns
auto assns = std::make_unique<art::Assns<size_t, string>>();
assns->addSingle(art::Ptr<size_t>{vuiH, 1}, art::Ptr<string>{vsH, 2});
assns->addSingle(art::Ptr<size_t>{vuiH, 2}, art::Ptr<string>{vsH, 0});
assns->addSingle(art::Ptr<size_t>{vuiH, 0}, art::Ptr<string>{vsH, 1});
e.put(move(assns));

}

art 3.11 example

Enough type information in handles that you 
shouldn’t need to specify the art::Ptr type.



Creating collections and Assns in the same module
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using uints = vector<size_t>;
using strings = vector<string>;

void produce(art::Event& e)
{
// Collections among which we will make associations
auto vuiH = e.put(std::make_unique<uints>(uints{2, 0, 1}));
auto vsH = e.put(std::make_unique<strings>(strings{"one", "two", "zero"}));

// Now create the Assns
auto assns = std::make_unique<art::Assns<size_t, string>>();
assns->addSingle(art::Ptr<size_t>{vuiH, 1}, art::Ptr<string>{vsH, 2});
assns->addSingle(art::Ptr<size_t>{vuiH, 2}, art::Ptr<string>{vsH, 0});
assns->addSingle(art::Ptr<size_t>{vuiH, 0}, art::Ptr<string>{vsH, 1});
e.put(move(assns));

}

art 3.11 example

Enough type information in handles that you 
shouldn’t need to specify the art::Ptr type.

For art 3.11, we have added type-deduction guides (CTAD):
art::Ptr{vuiH, 1} inferred as   art::Ptr<size_t>{vuiH, 1}
art::Ptr{vsH, 1}  inferred as   art::Ptr<string>{vsH, 1} 



Creating collections and Assns in the same module
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using uints = vector<size_t>;
using strings = vector<string>;

void produce(art::Event& e)
{
// Collections among which we will make associations
auto vuiH = e.put(std::make_unique<uints>(uints{2, 0, 1}));
auto vsH = e.put(std::make_unique<strings>(strings{"one", "two", "zero"}));

// Now create the Assns
auto assns = std::make_unique<art::Assns<size_t, string>>();
assns->addSingle(art::Ptr{vuiH, 1}, art::Ptr{vsH, 2});
assns->addSingle(art::Ptr{vuiH, 2}, art::Ptr{vsH, 0});
assns->addSingle(art::Ptr{vuiH, 0}, art::Ptr{vsH, 1});
e.put(move(assns));

}

art 3.11 example



Creating collections and Assns in the same module
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using uints = vector<size_t>;
using strings = vector<string>;

void produce(art::Event& e)
{
// Collections among which we will make associations
auto vuiH = e.put(std::make_unique<uints>(uints{2, 0, 1}));
auto vsH = e.put(std::make_unique<strings>(strings{"one", "two", "zero"}));

// Now create the Assns
auto assns = std::make_unique<art::Assns<size_t, string>>();
assns->addSingle(art::Ptr{vuiH, 1}, art::Ptr{vsH, 2});
assns->addSingle(art::Ptr{vuiH, 2}, art::Ptr{vsH, 0});
assns->addSingle(art::Ptr{vuiH, 0}, art::Ptr{vsH, 1});
e.put(move(assns));

}

art 3.11 example

We also allow implicit construction of an art::Ptr…



Creating collections and Assns in the same module
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using uints = vector<size_t>;
using strings = vector<string>;

void produce(art::Event& e)
{
// Collections among which we will make associations
auto vuiH = e.put(std::make_unique<uints>(uints{2, 0, 1}));
auto vsH = e.put(std::make_unique<strings>(strings{"one", "two", "zero"}));

// Now create the Assns
auto assns = std::make_unique<art::Assns<size_t, string>>();
assns->addSingle({vuiH, 1}, {vsH, 2});
assns->addSingle({vuiH, 2}, {vsH, 0});
assns->addSingle({vuiH, 0}, {vsH, 1});
e.put(move(assns));

}

art 3.11 example



It is a persistable pointer to a product.
You should use an art::ProductPtr only if:

1. You need a pointer to a data product, and
2. You need that pointer to be preserved in an output file for other framework jobs

Introducing art::ProductPtr<P> with art 3.11
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It is a persistable pointer to a product.
You should use an art::ProductPtr only if:

1. You need a pointer to a data product, and
2. You need that pointer to be preserved in an output file for other framework jobs

They are easy to create                                                               where h is of type 

art::Handle<P>, art::ValidHandle<P>, or art::PutHandle<P>.

Introducing art::ProductPtr<P> with art 3.11
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art::ProductPtr<P> ptr{h};



It is a persistable pointer to a product.
You should use an art::ProductPtr only if:

1. You need a pointer to a data product, and
2. You need that pointer to be preserved in an output file for other framework jobs

They are easy to create                                                               where h is of type 

art::Handle<P>, art::ValidHandle<P>, or art::PutHandle<P>.

A ProductPtr can be:
• Its own data product
• A data member of a data product
• An element of a data-product collection

Introducing art::ProductPtr<P> with art 3.11
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art::ProductPtr<P> ptr{h};



art 3.12
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art 3.12
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art 3.12
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%MSG-w FastCloning: PostProcessEvent 01-Aug-2022 16:40:40 CDT run: 1 subRun: 0 event: 4
Fast cloning has been deactivated for the following reasons:

- Event-selection has been specified in the RootOutput configuration.
- More than one schedule (4) is being used.
- Events are not in entry order.

%MSG



• Tentative plan is that art 3.13 will support C++20 (assuming external libraries can 
support it)
Timeline is undetermined.

• Sometime down the road, we would like to poll the experiments for their framework 
needs.

Plans for art
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