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RooFit has three kinds of collections:

>

>

>

>

RooLinkedList;

Linked list of most general class in RooFit (ROOAbsArg)
Memory pool for faster allocations & more data locality
Can enable a hash list to faster find elements by name

RooArgSet:

Set of RooAbsArgs
RooLinkedList at backend

RooArgList:

List of RooAbsArgs. Mostly used like a std::vector.
RooLinkedList at backend

Most common operations (for all three):

Forward iteration!!
Search element by name or address (= forward iteration)
Add element (to back!)

RooLinkedList

std::vector
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RooAbsCollection

Collections:

» Expression tree (+ almost
everything in RooFit) stored as
RooLinkedList<RooAbsArg*>

e Often small search & iterates

» Toy MonteCarlo generation:

e ~50% of L3 cache misses due
to linked list + hash table
operations

RooAddPdf
convSiKalBg
RooRealVar

I_bg
RooGaussian RooPolynomial
gaussl bg

RooFormulaVar
sigmal

RooFFTConvPdf
convSiKal

RooAddPdf
pdfSiKa

RooRealVar RooAbsPdf RooAbsPdf
1_Kal pdfKal pdfSil

RooRealVar | RooRealVar RooRealVar
tauKal i

tauSil t

RooRealVar
mean|

» The plan:
e Replace LinkedList by
std::vector
e Provide STL-like interface




The Challenge

> Axel: "How much user code are you going to break?”

— All ...

» The old collections directly expose the underlying storage implementation

through the iterators

| [& CCompare Viewer ¥

Local: RooAbsCollection.h

] ® |RooAbsCollection.h f84668d (Stephan Hageboeck)

const_iterator begin() const {
return _list.begin();

const_iterator end() const {
return _list.end();

}

Storage t::size type size() const {
return list.size();

|| | 91 RooAbsCollection* selectByAttrib(const char* name, Bool t value) const ;

|11 92 RooAbsCollection* selectCommon(const RooAbsCollection& refColl) const ;

||| 93 RooAbsCollection* selectByName(const char* nameList, Bool t verbose=kFALSE)
D“ 94 Bool_t equals(const RooAbsCollection& otherColl) const ;

11| 95 Bool t overlaps(const RooAbsCollection& otherColl) const ;

1| 96

iV 9 Xport subse ist interface

77 98 inline TIterato%ool t dir = kIterForward) const {

1] 99 // Create and return an iterator-wyer the elements in this collection
[100 return list.MakeIterator(dir); N\

}

1\

161 ¥
162

r

void reserve(Storage t::size type count) {
_list.reserve(count);
}

103 RoolLinkedListIter iterator(Bool t giT = kIterForward) const ;
104 RooFIter fwdIterator() const turn RooFIter(& list); }
10

inline Int t getSize() const {
// Return the number of elements in the collection

106 inline Int_t getSize() const {

107 // Return the number of elements in the collection
(108 return list.GetSize();
A 109

return list.size();

}

| F
“ 110  inline RooAbsArg *first() const {

r111 // Return the first element in this collection
{112 return (RooAbsAra*) list.First():




Solution

Three kinds of old iterators need
to be supported (all in use)
RooLinkedList not completely
gone anyway

Write wrapper that delegates to

/// Interface for RooFIter-compatible iterators
class GenericRooFIter

{

public:

virtual RooAbsArg * next() = 0;

virtual ~GenericRooFIter() {}

¥
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/// A one-time forward iterator working on RoolLinkedList or RooAbsCollection.

/// This wrapper separates the interface visible to the outside from the actual

/// implementation of the iterator.

class RooFIter final

public:

RooFIter(std::unique ptr<GenericRooFIter> && itImpl) : fIterImpl{std::move(itImpl)} {}
RooFIter(const RooFIter &) = delete;

RooFIter(RooFIter &&) = default;

RooFIter & operator=(const RooFIter &) = delete;

RooFIter & operator=(RooFIter &&) = default;

Ro0AbsSArg *next() {

return fIterImpl->next();
. . }
RooLinkedList or STL as needed <—1>____

Downside: slower
e Extra layer with virtual
dispatch
e Need to create&destroy
iterators (and hand into
userland) for polymorphy

std::unique ptr<GenericRooFIter> fIterImpl;
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/// Implementation of a GenericRooFIter for the RoolLinkedList
class RooFIterForLinkedList final : public GenericRooFIter

public:
RooFIterForLinkedList() {}
RooFIterForLinkedList(const RooLinkedList* list) : fPtr (list-> first) {}

/// Return next element in collection
RooAbsArg *next() override {

if (!fPtr) return nullptr

TObject* arg = fPtr-> arg ;

fPtr = fPtr-> next;

return (RooAbsArg*) arg ;

}

private:
const RooLinkedListElem * fPtr{nullptr}; //! Next link element

’




The Challenge Il

» RoolLinkedList:
e Remove/add/replace before and after

current iterator #ifdef NDEBUG
. . . RooAbsArg * next() override {
e No reallocations — iterator valid if (atEnd())

return nullptr;
return fSTLContainer[fIndex++];
. }
> Solution: Legacy-to-STL adapters count  jretse

RooAbsArg * next() override {

e Canremove/add after iterator if (atEnd())
return nullptr;
e Canreplace everywhere return nextChecked();
e Safe also if reallocating sandit
e But: Will break when removing/adding

before iterator



The Challenge Il

> DeteCt brOken |OOpS: #i;ng\bggfguf next() override {
e Unless NDEBUG set, legacy s il
. 3 c return fSTLContainer[fIndex++];
iterators check if they point to i
else
the same element before oty » il Deme o
IFn Clre me r|]t| I}g re:::::r:e:ggzzl:éd ();
e Fail noisily if not endi \
5 7 I:::\:ggzeﬁg’fggg STLContainer> \
> DOeS th IS ha ppen . RooAbsArg * TIteratorToSTLInterface<STLContainers::[[SiidTa0() {

® ROO Flt: tWO |n hundreds RooAbsArg * ret = fSTLContainer.at(fIndex);

if (fCurrentElem != nullptr && ret != fCurrentElem) {

throw std::logic error("A RooCollection should not be modified while iterating. "
Of |OO pS "Only inserting gt end is acceptable.");
}
() User COde: fCurrentElem = ++fInde&STLContainer.size() ? fSTLContainer[fIndex] : nullptr;
3 return ret;
Users usually just

endif Is this the right way to notify users?

——

forward-iterate
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All legacy iterators work

Slower than before

Deprecated in Doxygen__

Flagged with

R_

_SUGGEST_FUNCTION™:

Requested during user’s
workshop

Flags functions/classes
whose use is discouraged,

but won't be fully deprecated
https://github.com/root-project/root/

pull/3100

The Legacy Iterators now

[¢ cCompare Viewer ¥
Local: RooAbsCollection.h

[108
109

Bool t overlaps(const RooAbsCollection& otherColl) const ;

r+o——_p- \deprecated TIterator-style iteration over contained elements. Use begin() and end() or

111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

131

/// range-based for loop instead.
inline TIterator* createlterator(Bool t dir = kIterForward) const
R SUGGEST FUNCTION("begin(), end() and range-based for loops.") {

// Create and return an iterator over the elements in this collection

return new RooLinkedListIter(makeLegacyIterator(dir));

}

/// \deprecated TIterator-style iteration over contained elements. Use begin() and end() or
/// range-based for loop instead.
RooLinkedListIter iterator(Bool t dir = kIterForward) const
R SUGGEST FUNCTION("begin(), end() and range-based for loops.") {
return RooLinkedListIter(makeLegacyIterator(dir));

/// \deprecated One-time forward iterator. Use begin() and end() or

/// range-based for loop instead.

RooFIter fwdIterator() const

R__SUGGEST FUNCTION("begin(), end() and range-based for loops.") {
return RooFIter(makeLegacyIterator());

}

* Names not finalised. Opinions?



https://github.com/root-project/root/pull/3100
https://github.com/root-project/root/pull/3100

The Legacy Iterators now

#define R__SUGGEST_FASTER_FUNCTIONS=*

root-src/roofit/roofitcore/src/RooAbsCollection.cxx:725; o othercoll) const ;

21: warning: 'fwdIterator' is deprecated: R O OV e SO o ey ue Lementr-aUs e hegint) snruendy) O
This function has faster/more secure alternatives: e
begin(), end() and range-based for loops. N
[-Wdeprecated-declarations]
ROOFIter 1.ter = deIterator( ) ; rration over contained elements. Use begin() and end() or
A lir = kIterForward) const

and range-based for loops.") {
icyIterator(dir));

i s I R o Tt 1z 7

workshop

/// \deprecated One-time forward iterator. Use begin() and end() or
(12 // range-based for loop instead.
1127

. (12 ooFIter fwdIterator() const
{ Flags fu nctlonS/CIasseS |128 R__SUGGEST_FUNCTION("begin(), end() and range-based for loops.") {
(129 return RooFIter(makeLegacyIterator());

whose use is discouraged, 3
but won't be fully deprecated

* Names not finalised. Opinions?

10
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First Speed Tests

» No standardised benchmarks for

RooFit Ctests > 10 :
ooFit Ctests > 10s ROGFit

-§ - _ » My solution:
2 E Start using std::vector e Run all ctests 5x
s = e (Calculate truncated mean of
&) best 4 runs
10 » Result:
05 When legacy iterators are used
B heavily, RooFit is ~20% slower
-10E- » Then: Repeat following cycle
—20F- e VTunes
S e Check what's slow
“305_ e 453 it e Replace Legacylterator by
-40=] ":”"T"’"’“i’""j’ T ’U"'l = | - | = | ~ | ~ | ~ | = L1 ~ for (auto elm

11



Legacy Iterators are Easy to Find
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Speed Tests ||

RooFit Ctests > 10s » Couple of iterations of:
2 [ berchesutaench vania e VTunes
§ gl e Check what's slow
g 503 epcaAIRlConist sk e Replace Legacylterator by
20 S oy for (auto elm
10; collection)
E » RoOFit faster than before
oF > Todo:
_105_ e Replace more iterators
- e 0ld collections only contain
201 reet RooAbsArg*:
_305_ fF 1 1 1 1 1 i@ 1 i@ i 4 3 for (auto elm : list) {.
ot 2t 5y St i W Wy, Vo, Wor, Wi, Mo, Mo, Uy Worgy, auto realVar = static_cast<RooRealVar*>(elm)

S, 10, t0g oo, 0o,
800y it sroo,” srooS( oy r°°6‘ta,°ﬁ’ 908 Stats. b spa,s b OStats. o s’azs Stags. st’a’s s’afiéglals o 78 190
brey
eq

o —
e i StV S a"da,de Zaa,dp g5y > NEW collection is templated!

/7’78]'1,0’,0 ;70‘3, ae, a;,,p Yoor, ]
one et e No time to replace properly ...
’”78

o
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Addendum: RooRefCountList

» While profiling, RooLinkedList
still showed up

> Tu s OUt to be d class RooRefCountList : public RooLinkedList {
. . ublic:
reference-counting list " RookefcountList ()

irtual ~RooRefCountList ;
e Saves an element and a number ViEEeal, SooafCountLiott). @

i i i virtual void Add(TObject* arg) { Add(arg,1l) ; }
¢ When lteratlng’ ref countis not USEd virtual void Add(TObject* obj, Int t count) ;

Y Fu||y represented by virtual Bool t Remove(TObject* obj) ;
virtual Bool t RemoveAll(TObject* obj) ;
std::.vector<Element_t> Int t refCount(TObject* obj) const;

std::vector<size_t>

14
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RooRefCountList — RooSTLRefCountList

RooRefCountList reimplemented as

header-only RooSTLRefCountList

+ conversion functions for I/0

Seamlessly replaces RooRefCountList
e Should change iterators, though:

— faster
Internal to RooFit
— Users shouldn’t notice (just faster)

To do:

e Only slow & heavily-used instances

have been replaced

template <class T>
class RooSTLRefCountList {
public:
using Container t = std::vector<T*>;

(.}

///Find an item by comparing its adress.
template<typename 0bj_t>
typename Container t::const iteratgr findByPointer(const Obj_t * item)
auto byPointer = [item](const T f listItem) {
return listItem == item;

s

return std::find if(_storage.begin(), storage.end(), byPointer);
}
(.} @AXxel: Eclipse
spell-checks. Already fixed.

private:
Container t storage;
std::vector<std::size t> refCount;

ClassDef (RooSTLRefCountList<T>,1);
};
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» RooFit now iterates 20 - 30% faster
e Real-world example:

My H — bb thesis measurement
B 11:30 min — 9:20 min

m 586 Mb — 579 Mb

m Identical result!

» Old iterators still work
e Only~25% replaced in RooFit
e Replacing makes iteration faster
e Slowest places presumably taken care of
e Caveats:
m  Modifying collection in front of iterator
not possible, any more
m Can be detected if NDEBUG not set

Summary |

RooFit Ctests > 10s

change / %
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Summary |

|
663 void RooAbsCollection::setAttribAll(const Text t* nan

> NeW Iterators |OOk and feel 222{ RooFIter iter= fwdIterator() ;
like STL ga7 Szg{\:s?;g:gzirge;r.next())) {
668 arg->setAttribute(name,value) ;
» Two branches (almost) ready: :%,° |
e https://github.com/hageboeck/root/tree/Impr o

oveRooAbsCollection 543 void RooAbsCollection::setAttribAll(const Text t* name, i

e https://github.com/hageboeck/root/tree/Repla 644 { \

ceRooRefCountList | 546 arg->setatiribute none, NN
. 647 ¥
» PRs after cleanup + a bit of o4}

650

doxygen here and there
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Backup



Speed Tests for Short RooFit Examples

RooFit Ctests < 10s
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