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Alpos

Alpos is a general purpos fitting framework
« Entirely object-oriented

Alpos and its relation to xFitter

« Alpos was built in the surrounding of xFitter, and with benefitting a lot from that
experience

« Alpos is also supposed to be a testfield for conceptional (code) developments for
xFitter

« Alpos has a fairly different code structure than xFitter, thus facilitating some physics
studies, but also complicating other studies

When Alpos started, a number of things had not been very convenient to
study in xFitter
« X2 evaluation was not flexible, and code was confusing
« Uncertainties with correlation matrices were not fully supported (needed for my code)
« Strong focus on PDFs, but little flexibility for other kind of fits

« Some functionality was difficult to trace back in the code, and understand in greater
detail (black box)
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Alpos design principles

Design principles
« The code should be strictly object oriented
— everything should be an instance of a certain object

« Developments by one person should not interfere with studies of others
- Minimizer, predictions, parameterisations, etc..
all should be kept separate: i.e. scoped within certain classes

« Any functionality should be well wrapped and also for newcomers quick to identify
(no spaghetti code)
— The code and workflow should ‘transparent'

« Flexible data format; flexible uncertainty definition

« Simple things should be easily possible:
- plain ¥z calculation
- simple to define different x2 definitions
- X2 for part of the data — possibility to detect 'hot' areas, etc...

Daniel Britzger
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{4 —NNPDF3.1 (u-0118) |

Relevant publications lll .. .. .

o, from H1 jet data in NNLQO EurPhys.J.c77 (2017), 791

[ /3 ---NNPDF3.1 (ai"=0.120) |
0.13 f

First use of NNLO grids for a, determination

- 012

0.1~ H1. dNNLOJET | mwo

011_ 012 013 014

and/or PDF fit PDFs gozj P@f
Technical achievements: Two distinct fi T
1) fit of o, to ep jet cross sections o)) = al

"(1ur)G (@, g i)

rxs( } from fit

e

dl’fk L NF) )(:U:/J’R:MF)'Chad

SIS

n=1 k=q.,q,qg

both a, dependencies are accounted for, by defining
M,=20GeV and performing DGLAP
(using QCDNUM, APFEL or APFEL++)

1,15y | S
;;.;.\ ¥ NNPDF31
= HIPDF2017
1.1 e 2 s NNPDF31sx
- ]

1.05-

2) Fit to NC & CC DIS from H1 g e Siam oo

+ norm. jet cross sectio
-~ H1PDF2017

0_9_ NNPDF31sx with a,=0.1180
HlPDFZOl? Wlth a, O 1142

0.85_‘

Q = 2.00e+01 GeV

10‘a 10*"

Daniel Britzger

o, determinations in NNLO H1ana NNLOJET
ABM e

ABMP o

BBG ————
HERAPDF2.0Jets NLO) —e—

JR o |

NNPDF —e—i

MMHT —e—i

Pre-average DIS ppgisg ——eo——

H1PDF2017 ————
H1iJdets (i>2m,) —e—
H1Jets @>28Gev) —e
H1Jets (i>42Gev) —_—
World average poaie) ——

Il 1 ‘ Il Il Il 1 ‘ 1 I I I ‘ 1 Il ]

0.11 0.115 0.12
ot (m,)
6



Electroweak parameters from HERA incl. DIS data (H1)

« PDF+EW fit to all H1 incl. NC & CC DIS data (using QCDNUM)
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FCC-eh/LHeC future perspectives

xg(x,Q), comparison
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http://arXiv.org/abs/arXiv:1901.08524

Alpos: code structure

In the following, I will rather focus on technical details, and underlying
programming concepts

« This may be pretty technical...
« Probably, some ideas advance upcoming xfitter developments.

Daniel Britzger
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Design considerations

Flexible to use

e Q. fits

« Electroweak fits

- Simple x2 studies (without fits) f\/\
 PDF fits =

It should be VERY simple to implement new
theory prediction

A
A
%

It should be VERY simple to implement a
new minimizer (or similar tasks)

Support for flexible data formats
« Many uncertainties, with different kind of
uncertainty definitions/correlations

Funtionalities for detailed data-to-theory
studies
- Detection hot area's - 'subsets'

« partial x2, for different x2 definitions

« Transparent workflow

Daniel Britzger 11



Technicalities |
Alpos

« Program execution
. $ alpos tutorial/6.herapdfl0.str

« Program workflow Initialisation

#include "alpos/Alpos.h" « Parse steering file (*.str), and

int main(int argc, char** argv) { Read data files (*.dat) from steering
string steerfile = argv[l];
Alpos alpos(steerfile,argc-1,8&argv[l]); TRNT ' . ' -
alpos .DoTasks () ; « Initialize theory ‘functions’ as specified
return 0; \ N Steerlng

}

Run list of 'tasks’, as specified in

steering
e Run subsequently 'tasks'

Note: code examples are sometimes shortened!

Daniel Britzger 12



Technicalities Il

Essentially, the Alpos package consists only of
few (~two) very simple abstract classes:

« For performing calculations, interfacing predictions, and organising fit parameters
template<typename T> class AParm : public AParmBase<T>
template<typename T> class AParmFuncBase : public AParmBase<T>

e For the tasks:
class ATask : public AlposObject
class ATaskResult : public AlposObject

« A simple singleton class 'ATheoryHandler!’

keep track of all parameters (all are fittable), all relations between parameters and
functions, etc... [next slides]

 Three factories

namespace AFactory {
AFuncD* FunctionFactory(const std::string& functype,const std::string& funcname); //! init a new function
ATask* TaskFactory (const std::string& tname, const std::string& ttype); //'< instantiat a new task
AChisqgBase* ChisqFactory  (const std::string& chisq, const std::vector<std::string>& par, AData* data, AFuncD* theo);
}

Daniel Britzger 13



The 'TheoryHandler' class
The TheoryHandler

e asingleton class e
First, it initialises the theory
module (i.e. all parameters
class TheoryHandler : public AlposObject { and functions)
T heoryHandler () as specified in the steering file
public:
static TheoryHandler* Handler(); it 'owns' all parameters

bool InitTheory(const
/* [ 1%/

private:
static TheoryHandler*
std::map<std::string,
std::set<std::string>
std: :pair<ASuperData*,
std::map<std::string,
std::map<std::string,

std::string& steerfile = std::string());

(and functions) and holds
them in a map

instance;
AParmNamed*> fParms;
fAL1ParmNames;
ASuperTheory*> fSuperPair; // map of datasets and corresponding predictions

std::pair<AData*, AFuncD*> > fDataTheoryPairs; // map of datasets and corresponding predictions
std::map<std::string, std::pair<ASubsetData*, ASubsetFunction*> > > fSubsetPairs;

There are 1:1 relations between

Everything else here... ' R

ASuerDatga, ASuperTheory, AData, ASubsetData, 'a data fUﬂCt!On' and some
ASubsetFunction, ..., theory function":

are just implementations of abstract class Background: any 'data’ can only be
typedef AParmFuncBase<double> AFunch; specified in the steering with some related

'theory function' to provide its predictions

Daniel Britzger
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Parameters and functions

Parameters
template<typename T> class AParm >

Functions
template<typename T> class AParmFuncBase

AParmBase - | AParmNamed

1) Every 'AParmNamed' instance knows,\
which other AParmNamed makes
use of it

2) If 'something' has changed, it notifies
all upstream dependent instances,

<« % thatalso those need to re-redo their

calculations

(’7class AParmNamed : public AlposObject {
public:
AParmNamed(const std::string& name);
virtual bool Update() { return true; };
void SetIsOutdated(AParmNamed* notifier = nullptr, bool IsOut
void NotifyDependencies(AParmNamed* notifier);

ed = true);

private:
bool fIsUpToDate = false;
\‘7 std: :map<std::string, AParmNamed*> fDependencies; //!< List of parm's which are going to be notified, if parm is being updateq;)

template<typename T> class AParmBase : public AParmNamed { “\\
public: 1) Every 'AParmBase' has a vector<T>
AParmBase(const std::string& name); of values
const std::vector<T>& GetValues() {
if ( !GetIsUpToDate() ) Update();
ApplyThFactors();
return fValue;

2) The values are obtained with
'‘Update()'. Check 'fUpToDate'

} .
const T& GetValue() { return GetValues()[0]; } * _Redo calculatlon Of that
implementation

const T& GetError() { return GetErrors()[0];

S 4/- else... return cached value
protected:

virtual bool Update() = 0;

std::vector<T> fValue; |nherent CaChlng algOrlthm '

std: :map<std::string, vecT> fThFactors; /

};
Daniel Britzger -1
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Example implementation of a 'function': fastNLO

P class fastNLOReader
const std::vector<std::string> AfastNLOalt::fRequirements = { class fastNLOalt <:
"Filename", class AParmFuncD
"PDF",
"Alpha_s", Here: almost entire interface of

"ScaleFacMuR", "ScaleFacMuF",

"Units","iOrd",

"MuRFuncForm", "MuFFuncForm"
}; //< List of all AParm's which this function depends on
const std::string AfastNLOalt::fFunctionName = "fastNLOalt"; //< The function's name

fastNLO in Alpos (little bit simplified)

1) ;
These 'parameters' or 'functions

/) need to be specified in the steering

bool AfastNLOalt::Init() { as input to fastNLO
ReadTable(); I— ' .
fastNLOReader::SetFilename (PAR_S(Filename)); // do some remaining initialization « 'Filename'is the f?StNLO flllename
X return true; o PDF,AIpha_S are 'functions
\ « ScaleFacMuR is a 'parameter’
7 holding the scale factor
bool AfastNLOalt::Update() {
UPDATE (PDF) ; . E] few more parameters

L/IED,?TE(?IEI;EI_S): removed from that example)
CalcCrossSection(); 2) Init(): once called during startup
fValue = GetCrossSection();

Feturn trie: 3) Update(): is called, once some of the

) 'input’ parameters ( )

p has changed, a

double AfastNLOalt::EvolveAlphas(double Q) const { //fastNLO 4) fastNLO SpeCifiC in_terface of PDFs

, return QUICK(Alpha_s, ({Q}) ) [0]; and a (), accessing the '‘Update()’
return from the Alpos functions 'PDF'

7 and Alpha_s

vector<double> AfastNLOalt::GetXFX(double x, double Q) const { //fastNLO
return QUICK(PDF, ({x,Q}) );
}

Daniel Britzger 16



§ onnnnnee e eeoonooieeseeisiii # global parameters for
ErrorSymmetrization SignImprovedQuadratic /\l 0S
Output test/alpos.out. root # common output file for outputs of all tasks F)
GlobalVerbhosity Info # Debug, Warning, Error
InitSubsets false # init subsets of datasets
IgnoreTheoryErrors true # Ignore all theory errors when calculating chi2 values
# ALPOS_DIR <specify your directory> # use env-variable ALPOS_DIR or specify it herewith
MatrixInversionTolerance l.e-6 # Tolerance of matrix inversion algorithm
L #
# Specify data-files with corresponding predictions .
T # In this example: No data
DataTheorySets {{
AlposName SteerFile  TheoryFunction CutsAndParameters # header
# no data files in that example... # ...
1
Tasks {{ Two trival tasks:
TaskName TaskType # header
pi 3.1 # trival task: set parameter 'pi' to value 3.1 ]-) (:r121r1£363 \/EiILJEB ()f
PrintTheorySet PrintTheorySet # print all the theory parameters [)EiffifT]EEtEEf 'F)r
1 .
................................................................. 2) print all parameters

AlposTheory {{{
#  Specify functions

InitFunctions {{ # Specify all needed alpos functions (name,type) FunCtIOnS
FunctionName FunctionType # one line here! (header of 'table') . . . .
# no function in that example.... (In this example' no funCtlonS)
1}
# specify some parameters...
° 27182618 Parameters:
city Minsk here: e and pi are set to
}}} # end of 'AlposTheory' namespace t)EE EB(]LJEiI !
B - mm e e #

Daniel Britzger 17



Outut $> alpos minsk.str

::DoTasks (). Instantiating new task.
Task type: pi
Task name: 3.1

Parameter 'pi’

IS set to 23,]_ ; [AFactory::TaskFactory] Initializing task of type 'pi', as name '3.1'.
[Alpos::DoTasks] Task type was identified to be a parameter.
[Alpos::DoTasks] Now setting parameter 'pi' to new value: '3.1°
[Alpos::DoTasks] Parameter set successfully. Now proceeding to next task.

::DoTasks(). Instantiating new task.
Task type: PrintTheorySet
Task name: PrintTheorySet

[AFactory::TaskFactory] Initializing task of type 'PrintTheorySet', as name 'PrintTheorySet'.
[Alpos::DoTasks] Task 'PrintTheorySet' instantiated.
[Alpos::DoTasks] Running the task 'PrintTheorySet' of type 'PrintTheorySet'.

F)Eiré%r1]63t63r55 IF)I' SuperData [empty]
and e are SuperTheory [empty]
effectively the ' '
same object:
thus they have
the same value

# INFO. [Alpos::DoTasks] Task 'PrintTheorySet' done successfully. Runtime 00:00:00

# INFO. [Alpos::DoTasks] All tasks done [1/2].

Alpos total runtime 00:00:0.54

Daniel Britzger



Technicalities 1V: steering file, parameters

DataTheorySets {{

AlposName SteerFile TheoryFunction CutsAndParameters
H1-InclJet-HERAII  datafiles/h1/1406.4709/H1-HERAII-HighQ2-InclJets.dat fastNLO # ptmin>=11 g2min>333
1}
L LR T T #
# Specify tasks which should be executed by Alpos
- e #
Tasks {{
TaskType TaskName # first line is the 'header!
PrintTheorySet PrintTheorySet
AFitter MyFit # Tasks with name(=steering namespace below)
PrintTheorySet PrintTheorySet
StatAnalysis Stat =
1}
B i #
# Task parameters
# Put all parameters in a namespace with the task's name
i #
MyFit {{{
Minimizer TMinuit
PrintLevel 3
Tolerance 0.1
Strategy 2
Chisq LogNormal #HERAFitterLogDefault
PrintResults true
PrintCovariance true

FitParameters { AlphasMz
PDFQO_HERA.gB PDFQ@_HERA.gC }

11}
Stat {{{
Chisq LogNormal
Chisqg2 LogNormalNuisance #HERAFitterDefault
DoChisq true
DoPValue true
11}

“AlposTheory {{{
#[...1]

A list of data sets, and
corresponding
‘functions' providing
their predictions

A list of tasks, that Alpos
should work through.
Every task tyl:)e can be
executed multiple times
for different purposes

Steering values for the
tasks...

Here:

'‘MyFit' is of type 'AFitter’

(see 'Tasks')

Setup of the
'‘AlposTheory'

(next slide)
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AlposTheory in steering f

DataTheorySets {{
AlposName SteerFile

H1-InclJet-HERAII  datafiles/h1/1406.4709/H1-HERAII-HighQ2-Incllets.dat fasthLO
H1-Dijets-HERAIT datafiles/h1/1406.4709/H1-HERAII-HighQ2-Dijets.dat fastNLO

13

# Specify Alpos theory (in 'AlposTheory' namespace)

# Specify used functions.. Give them a 'name' and specify the
2
InitFunctions {{

FunctionName FunctionType

CRunDec CRunDec

LHAPDF& LHAPDF6

MSTW LHAPDF&
1}
g
# Useful parameter shorthand notations
2o
iord 1
AlphasMz 0.1180
mZ 91.1876
g
# Theory 'defaults’
2
CRunDec . AlphasMz AlphasMz
CRunDec.Mz mZ
CRunDec.nFlavor 5
CRunDec.nLoop 2
CRunDec.mur 100
2o
LHAPDF6.LHAPDFFile NNPDF31_nnlo_as_0118
LHAPDF&.PDFSet (2]
LHAPDF&. xp 0.01
LHAPDF& . muf 100
#
# fastNLO default values (Many values often overwritten by data
fastNLO.Filename table.tab
fastNLO.ScaleFacMuR 1
fastNLO.ScaleFacMuF 1
fastNLO.Units 1
fastNLO.i0rd iord
fastNLO.MuRFuncForm 3
fastNLO.MuFFuncForm 3
fastNLO.PDF LHAPDF6
fastNLO.Alpha_s CRunDec
g
# Theory 'specializations’
2o
MSTW.LHAPDFFile MSTW2008nlo_asmzrange
#MSTW.PDFSet [¢]
H1-InclJet-HERALL.PDF MSTW

7}}} # end of 'AlposTheory' namespace

RN T iy o

exambple

TheoryFunction CutsAndParameters
# ptmin>=11 g2min=>333
# ptmin>=11 g2min=>333

#

class

#

# Specify all needed alpos functions (name,type)

# one line here! (header of 'table')

# Use name;type for convenience reason if only one instance of a function is used
# Use name;type

# Use name;type

#

#

# i0rd

# Alpha_s

#mZ

#

#

# default! Only used for internal calculation.
#

# Chose a PDF: (T10, MSTW2008nlo_asmzrange, NNPDF30_as_nlo_0118
# PDFSet of the given file

# default! Only used for internal calculation.
# default! Only used for internal calculation.
#

steering)

# default value! Always overwritten by data steering
default value! Often overwritten by data steering

0: absoluteUnits, 1: PublicationUnits

0: scalel, 1: scale2, 2: quad.sum, 3: quad.mean (partially overwritten by datasteering)
0: scalel, 1: scale2, 2: quad.sum, 3: quad.mean (partially overwritten by datasteering)
PDF function

Alpha_s function

oW OH K W W W W

W

# PDFSet of the given file

# take th MSTW instance of LHAPDF as PDF

ile: a simple

Too small...

I'll remove '‘comments’
- next slide
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DataTheorySets {{

AlposName SteerFile TheoryFunction
H1-InclJet-HERAII datafiles/h1/1406.4709/H1-HERAII-HighQ2-InclJets.dat fastNLO
H1-Dijets-HERAII datafiles/h1/1406.4709/H1-HERAII-HighQ2-Dijets.dat fastNLO

1}

# Specify Alpos theory (in 'AlposTheory' namespace)
AlposTheory {{{

CutsAndParameters
# ptmin>=11 g2min>333
# ptmin>=11 g2min>333

Two data sets: both use
‘fastNLO' for their predictions

Functions

# --- Specify used functions.. Give them a 'name' and specify the class
InitFunctions {{ # Specify all needed alpos functions (name
FunctionName FunctionType # one line here! (header of 'table')
CRunDec - B ~ CRunDec N - . . . . # lUse name;type for convenience reason if only one
LHAPDF6 LHAPDF6 # Use name;type
MSTW LHAPDF6 @ # Use name;type
3
# --- Useful parameter shorthand notations
iord 1 # 10rd
AlphasMz 0.1180 - # Alpha_s
mZ 91.1876 ¢ #mz
# --- Theory 'defaults’ S
CRunDec.AlphasMz AlphasMz
CRunDec .Mz mZ
CRunDec .nFlavor 5 -
CRunDec.nLoop 2
CRunDec.mur 100 # default! Only used for internal calculation.
A e R #
LHAPDF6 . LHAPDFFile NNPDF31_nnlo_as_0118 # Chose a PDF: CT10, MSTW2008nlo_asmzrange, NNPDF3
LHAPDF®6 . PDFSet 0 # PDFSet of the given file \
LHAPDF6. xp 0.01 # default! Only used for internal calculation. \
D LHAPDF6 . muf 100 # default! Only used for internal calculation. //
# --- fastNLO default values (Many values often overwritten by data steering)
fastNLO.Filename table.tab # default value! Always overwritten by data steerint
fastNLO.ScaleFacMuR 1 # default value! Often overwritten by data steering
fastNLO.iOrd iord #
fastNLO.MuRFuncForm 3 # 0: scalel, 1: scale2, 2: quad.sum, 3: quad.mean (
fastNLO.PDF LHAPDF6 # PDF function
fastNLO.Alpha_s CRunDec %
# --- Theory 'specializations' —
MSTW.LHAPDFFile MSTW2008nlo_asmzrange
#MSTW. PDFSet 0 given file

H1-InclJet-HERAII.PDF MSTW

1t # end of 'AlposTheorv' namespace

# take the MSTW instance of LHAPDF as PDF

Function 'name’
Function ‘type’

These parameter are
finally 'the same'

Parameters

A function is input to
another function

Function 'type'

Daniel Britzger
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What Alpos has

INn memor

Functions

CRunDec
CRunDec

fastNLO
H1-Dijets-HERAII

AData
H1-Dijets-HERAII_Data

fastNLO
H1-InclJets-HERAII

AData
H1-InclJets-HERAII_Data

LHAPDFG6
LHAPDF6

LHAPDFG6
MSTW

SuperData
SuperData

SuperTheory
SuperTheory

ANRSVAANENN

Daniel Britzger

Parameters (functions) and their return values

I I T e T I TR TR T TR I T T S T i S S S e S S A i S S S e S R R R R

AlphasMz

CRunDec

CRunDec.AlphasMz --> AlphasMz
CRunDec.Mz --> mZ

CRunDec.mur
CRunDec.nFlavor
CRunDec.nLoop
H1-Dijets-HERAII
H1-Dijets-HERAII.Alpha_s
H1-Dijets-HERAII.Filename
H1-Dijets-HERAII.MuFFuncForm
H1-Dijets-HERAII.MuRFuncForm

H1-Dijets-HERAII.PDF --> LHAPDF6
H1l-Dijets-HERAII.ScaleFacMuF --> fastNLO.ScaleFacMuF
H1-Dijets-HERAII.ScaleFacMuR --> fastNLO.ScaleFacMuR
H1-Dijets-HERAII.Units

--> CRunDec

H1-Dijets-HERAII.iOrd --> iOrd (const)
H1-Dijets-HERAII.iThr --> fastNLO.iThr (const)
H1-Dijets-HERAII_Data (const)

H1-InclJet-HERAIL

H1-InclJet-HERAII.Alpha_s --> CRunDec

H1-InclJet-HERAII.Filename
H1-InclJet-HERAII.MuFFuncForm
H1-InclJet-HERAII.MuRFuncForm
H1-InclJet-HERAIL.PDF --> MSTW
H1-InclJet-HERAII.ScaleFacMuF
H1-InclJet-HERAII.ScaleFacMuR
H1-InclJet-HERAII.Units

--> fastNLO.ScaleFacMuF
--> fastNLO.ScaleFacMuR

Hl-InclJet-HERAII.iOrd --> iOrd (const)
Hl1-InclJet-HERAII.iThr --> fastNLO.iThr (const)
H1-InclJet-HERAII Data (const)

LHAPDF6

LHAPDF6.LHAPDFFile
LHAPDF6 . PDFSet

LHAPDF6 . muf

LHAPDF6. xp

MSTW

MSTW.LHAPDFFile

MSTW.PDFSet --> LHAPDF6.PDFSet
MSTW.muf --> LHAPDF6.muf
MSTW.xp --> LHAPDF6.xp
SuperData
SuperData.H1-Dijets-HERAIL
SuperData.H1-InclJet-HERAII
SuperTheory
SuperTheory.H1l-Dijets-HERAIL
SuperTheory.H1l-InclJet-HERAII
fastNLO.Alpha_s --> CRunDec
fastNLO.Filename
fastNLO.MuFFuncForm
fastNLO.MuRFuncForm
fastNLO.PDF --> LHAPDF6
fastNLO.ScaleFacMuF
fastNLO.ScaleFacMuR
fastNLO.Units

--> H1-Dijets-HERAII_Data

--> H1l-Dijets-HERAII
--> Hl-IncllJet-HERAII

fastNLO.iOrd --> iOrd (const)
fastNLO.iThr (const)

i0rd (const)

mZ

--> H1l-InclJet-HERAII Data

(const)
(const)
(const)

(const)
(const)
(const)

(const)

(const)

(const)
(const)
(const)

0.118 H H 1

I e j This is a single

o.118 parameter instance, but

100 It has two names

5

2

71.7011 [0], 32.0377 [1], 7.15568 [2]. ., 0.298477 [23]:

0.116381

theoryfiles/fnh5001_60G_HS12.tab

<]

3

0 [6], 0.231235 [1], ©.339504 [2], ., 0 [12];

1

1

¢]

1

-1

70.5817 [0], 30.9722 [1], 8.0735 [2], ., 0.3087 [23];

70.9397 [0], 31.7108 [1], 7.13522 [2], ., 0.300239 [23];

0.116381

theoryfiles/fnh5001_60G_HS12.tab

¢]

3

0 [0], 0.23321 [1], ©.35813 [2], , 0 [12];

1

1

¢]

1

-1

70.5817 [0], 30.9722 [1], 8.0735 [2], ., 0.3087 [23];

0 [0], 0.231235 [1], ©.339504 [2]. , 0 [12];

NNPDF31_nnlo_as_0118

[¢]

100

0.01

0 [6], 0.23321 [1], ©.35813 [2], ., 0 [12];

MSTW2008nlo_asmzrange

¢]

100

0.01

70.5817 [0], 30.9722 [1], 8.0735 [2], ., 0.3087 [47];
(const) 70.5817 [0], 30.9722 [1], 8.0735 [2], , 0.3087 [23];

(const) 70.5817 [0], 30.9722 [1], 8.0735 [2], ... , 0.3087 [23];

71.7011 [0], 32.0377 [1], 7.15568 [2], ., 0.300239 [47];

71.7011 [0], 32.0377 [1], 7.15568 [2], , 0.298477 [23];

70.9397 [0], 31.7108 [1], 7.13522 [2], , 0.300239 [23];

0.116381

table.tab

3

3

0 [0], 0.231235 [1], ©.339504 [2], ., 0 [12];

1

1

1 AlposTheory can

1 H .

L become extensive:

L e H1PDF2017 fit had

586 parameters



What Alpos has

iIn memory

Input parameters and

Input functions to a specific

calculation

Return values (fvalue) of

parameter/function for the

present 'TheorySet'

SuperData, SuperTheory:

dedicated 'functions' which

just concatenate fValues
from their input
parameters/functions

Daniel Britzger

Parameters (functions) and their return values

I T IR Ik R IR TR T I T T K T T I T T S T S S S S S S S A i o A A S ) R R

AlphasMz

CRunDec

CRunDec.AlphasMz --> AlphasMz
CRunDec.Mz --> mZ

CRunDec.mur
CRunDec.nFlavop

0.118
0.116381
0.118
91.1876
1leo0

5

CRunDec.nLoop
H1-Dijets-HERA

H1-Dijets-HERAII.Alpha_s --> CRunDec
H1-Dijets-HERAJI.Filename
i ERAYI.MuFFuncForm
H1-Dijets-HERAJI.MuRFuncForm
--> LHAPDF6
H1l-Dijets-HERAJI.ScaleFacMuF --> fastNLO.ScaleFacMuF

H1-Dijets-HERA

I

I

I

I

I
H1-Dijets-HERAJI.PDF

I

I.ScaleFacMuR

I

I

I

H1-Dijets-HERAII.Units

H1-Dijets-HERAJI.iOrd --> iOrd (const)
H1-Dijets-HERAJI.iThr --> fastNLO.iThr (const)
H1-Dijets-HERAJI Data (const)

H1-Incllet-HERAIL

H1-InclJet-HERAII.Alpha_s --> CRunDec

--> fastNLO.ScaleFacMuR

(const)
(const)
(const)

2

71.7011 [0],
0.116381
theoryfiles/fnh5001_60G_HS12.tab

32.0377 [1], 7.15568 [2], , 0.298477 [23]:

[0], 0.231235 [1], 0.339504 [2], , 0 [12];

HFOFFOWO

-1
70.5817 [0],
70.9397 [0],

30.9722 [1],
31.7108 [1],

8.0735 [2],
7.13522 [2],

, 0.3087 [23];
, 0.300239 [23];

0.116381

H1-InclJet-HERAII.Filename

theoryfiles/fnh5001_60G_HS12.tab

H1-InclJet-HERAII.MuFFuncForm 0
-HERAII.MuRFuncForm 3
H1-InclJet-HERAII: ==> MSTW 0 [0], 0.23321 [1], 0.35813 [2], . 0 [12];
H1-InclJet-HERAII.ScaleFacMuF -- 0.ScaleFacMuF 1
H1-InclJet-HERAII.ScaleFacMuR --> fastNLO.Scale 1
H1-InclJet-HERAII.Units [¢]
Hl-InclJet-HERAII.iOrd --> iOrd (const) (const)] 1
Hl1-InclJet-HERAII.iThr --> fastNLO.iThr (const) (const)] -1
H1-InclJet-HERAII Data (const) (const)| 70.5817 [0], 30.9722 [1], 8.0735 [2], , 0.3087 [23];
LHAPDF6 0 [0], 0.231235 [1], 0.339504 [2], . 0 [12];
LHAPDF6.LHAPDFFile NNPDF31_nnlo_as_0118
LHAPDF6 . PDFSet 0
LHAPDF6 . muf 100
LHAPDF6. xp 0.01
MSTW 0 [0], 0.23321 [1], 0.35813 [2], , 0 [12]
MSTW.LHAPDFFile MSTW2008nlo_asmzrange
MSTW.PDFSet --> LHAPDF6.PDFSet [¢]
MSTW.muf --> LHAPDF6.muf 100
M5TW.xp --> LHAPDFb.Xp v.ol
SuperData 70.5817 [0], 30.9722 [1], 8.0735 [2], , 0.3087 [47];
SuperData.H1-Dijets-HERAII --> H1-Dijets-HERAII Data (const) (const) 70.5817 [0], 30.9722 [1], 8.0735 [2], , 0.3087 [23];
SuperData.H1-InclJet-HERAII --> Hl-InclJet-HERAII _Data (const) (const) 70.5817 [0], 30.9722 [1], 8.0735 [2], , 0.3087 [23];
SuperTheory 71.7011 [0], 32.0377 [1], 7.15568 [2], , 0.300239 [47];
SuperTheory.H1l-Dijets-HERAII --> Hl-Dijets-HERAII 71.7011 [0], 32.0377 [1], 7.15568 [2], , 0.298477 [23];
SuperTheory.H1l-InclJet-HERAII --> Hl-InclJet-HERAIL 70.9397 [0], 31.71e8 [1], 7.13522 [2], , 0.300239 [23];
| fastNI0 Alpha s o> CRunDec 0.116381
fastNLO.Filename table. tab
fastNLO.MuFFuncForm 3
fastNLO.MuRFuncForm 3
fastNLO.PDF --> LHAPDF6 0 [0], ©0.231235 [1], 0.339504 [2], , 0 [12];
fastNLO.ScaleFacMuF 1
fastNLO.ScaleFacMuR 1
fastNLO.Units 1
fastNLO.iOrd --> iOrd (const) (const) 1
fastNLO.iThr (const) (const) -1
i0rd (const) (const) 1
mZ 91.1876




Subsets { Q2_min Pt_min }

Technicalities V: data file

Data {{
Q2_min  Q2_max Pt_min Pt_max Sigma stat.(%) sys.(%) had had.err JES(up) JES(dn) Model

150 200 7 11 70.5817 2.7 2.9 0.93 2.2 0.94 -1.13 0.94
150 200 11 18 30.9722 4.1 4.4 0.97 1.7 2.37 -2.54 0.56
150 200 18 30 8.0735 6.4 5.3 0.9 1.1 3.36 -3.38 0.31
150 200 30 50 0.9184 15.3 12.9 0.95 0.7 4.87 -5.28 0.16
# [...]

1}

Cuts { }
ErrorSet "HlHera-II" # errors are labelled as "<ErrorSet>_<Name>", and are correlated with other of
ErrorUnit Percent # Are errors given as: "Absolute", "Relative", "Percent"
Errors {{
ErrorName Column Correlation
Stat stat. (%) ESMC
JES JES(up) :JES(dn) EYM1
Lumi 5 EYM1
NP had.err TYMO.5
1}
TheoryFactors { had EW }
Stat_Matrix_Format Matrix # "Matrix" or "SingleValues" or specify single value only

Stat_Matrix_Type Correlation # 'Covariance', 'Correlation' or 'CorrelationPercent’
Stat_Matrix {{

#

1.00

-0.20 1.00

-0.11 0.02 1.00

-0.02 0.01 0.06 1.00

-0.14 0.04 0.1 ©0.00 1l.00
1}

Atable called 'Data’ with
arbitrary colums _
One colum named 'Sigma'!

Specifications of
uncertainties:

1) Specify name of

uncertaity source
2; SpeC|1>)// colum(s) of 'Data’
3) Specify 'details’ on that

uncertainty source

E/T:  exp. or th. uncert.
S/T:  stat. or syst. uncert.
M/A:  mult. or additive uncert.

0-1/C: fraction of correlation, or
dedicated matrix

Daniel Britzger
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Uncertainties and x? calculation

double AChisqCov::DoEval(const double
//! Calculate chisq
s chisq = sum_ij [m_i - t_i] * V~-1_ij * [m_i - t_i]
//' V is the covariance matrix containing all uncertainties
/7!
//!' \note any uncertainties marked as multiplicative will
s be treated as additive by this chi-square definition

// --- set new theory parameters
for ( unsigned int ipar = 0@ ; ipar < fFitPar.size() ; ipar++ )
SET_ANY(fFitPar[ipar],pl[ipar],0);

values
Theo() ->GetValues();
Data()->GetValues();

// --- get data and theory
const vector<double>& th
const vector<double>& da

// --- get uncertainties from data and theory objects

// additive errors can be considered directly

const TMatrixDSym* InvCov = &AInvMatrices::Instance()->GetInvMatrix({
&fData->GetSumErrorMatrix("AA", "AbsAvTotAll"),
&fTheo->GetSumErrorMatrix("AA", "AbsAvTotAll")

1)

// --- loop over all data points and calculate chisq

double chisq = 0;

for ( unsigned int x = 0 ; x<th.size() ; x++ ) {
chisq += pow((da[x]-th[x]),2) * (*InvCov)[x][x] ;
//cout<<"dt= "<<da[x]<<"\tth= "<<th[x]<<"\terr=
for ( unsigned int y =0 ; y<x ; y++ ) {

chisq += 2 * (da[x]-th[x]) * (*InvCov)[x][y] * (da[yl-thlyl);

}

}

return chisq;

}

"\\\\\\\\\\\\\\\\\\\\‘\\\\\\\\

Pt = Example 1 (out of 23) x2 calculations

Set the parameter for the new iteration
(if it is called by some minimizer)

Retrieve updated predictions

. Outstanding feature !!

. 1) any parameters are changed

. to the predictions, anywhere in

, the code

: 2) a line later, the respective

' prediction is obtaine in a maximal
+ optimised way!

"<<InvCov[x][x] <<endl;

Access to uncertaintes:

actype = 'XY'

X: E/T/A: p erimental/theo. uncert./ all

Y: S/Y/A: tat./syst./all

access = 'AaaB b[C c[Dbdd]]" w1th

Aaa: 'Abs' , 'Rel’ Ob relatlve or absolute uncertalnt¥
Bb: ‘Up', 'Dn', AV’ Obtaln up-,down- or averaged uncertain
Ccc: 'Tot "Cor', 'Unc' Obtain total,corr,, or uncorrelated par
Ddd: 'Mul' 'Add', 'All' Obtain only additive or multiplicative

errors (or all [default])

.. or vectors (not shown here)

{

Daniel Britzger
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Uncertainties and x? calculation

~ ——— Example 1 (out of 23) x2 calculations

/7!

//' \note any uncertainties marked as multiplicative will

/7! be treated as additive by this chi-square definition
// new theory parameters

or ( unsigned int ipar = 0 ; ipar < fFitPar.size()
SET_ANY(fFitPar[ipar],p[ipar],0);

; ipar++ )

// --- get data and theory values
const vector<double>& th = Theo()->GetValues();
ector<double>& da = Data()->GetValues();

// -_-_ nat nnrartaintiac from data and thanrv nhiarcte

Set the parameter for the new iteration
(if it is called by some minimizer)

Retrieve updated predictions

; Outstandlng feature !!

. 1) any parameters are changed

. to the predictions, anywhere in

, the code

: 2) a line later, the respective
prediction is obtaine in a maximal
optimised way!

SET_ANY (X, VAL, ERR) : :Handler()->GetParmD(X) ->SetValue(VAL, ERR, );

Daniel Britzger
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A very simple fit

- e
DataTheorySets {{
AlposName SteerFile
mZ-PDG datafiles/pdg/mZ.dat
1}
e =
Tasks {{
TaskType TaskName
AFitter MzFit # Task
1}
e i =
MzFit {{{
Minimizer TMinuit
PrintLevel 3
Tolerance 1
Strategy 1
Chisq LogNormal #HERAFitterLogDefault
PrintResults true
PrintCovariance true
FitParameters { mZ }
133
B oo #
B e e e e #
AlposTheory {{{
InitFunctions {{
1} # Specify all
mZ 92.000 # mZ
SingleConstant.theConst 100
mZ-PDG. theConst mZ
}}} # end of 'AlposTheory' namespace
e —————— #

TheoryFunctio
SingleConstan

# first line i

Daniel Britzger

3e+05

START COVARIANCE MATRIX CALCULATION.
EIGENVALUES OF SECOND-DERIVATIVE MATRIX:
1.0000e+00
COVARIANCE MATRIX CALCULATED SUCCESSFULLY
FCN=1.56158e-10 FROM HESSE STATUS=0K 5 CALLS
EDM=3.12253e-10 STRATEGY= 1 ERROR MATRIX ACCUEF
EXT PARAMETER INTERNAL INTERNAL
NO. NAME VALUE ERROR STEP SIZE VALUE
1 mZ 9.11876e+01 2.10000e-03 2.17408e-05 9.11876e+01
EXTERNAL ERROR MATRIX. NDIM= 25 NPAR= 1 ERR DEF=1
4.410e-06
EXTERNAL ERROR MATRIX. NDIM= 1 NPAR= 1 ERR DEF=1
4.410e-06
# INFO. [AFitter::Execute] Info. AFitter::Execute(). Initial chisq: 14¢
# INFO. [AFitter::Execute] Info. AFitter::Execute(). Final Chisq: 1.°

*

Minimizer is TMinuit / Migrad
1.56158e-10
(0]
3.12253e-10
24
91.1876

¥
Printing nuisance parameters:
# INFO. [AChisgBase: :PrintNuisanceParameters] No Nuisance parameters h:

Correlation Matrix:
mZ
1
[AFitter::execute] Setting fitted value 'mZ' to: 91.1876 +/- 0O

[Alpos: :DoTasks] Task 'MzFit' done successfully. Runtime 00:00

[Alpos: :DoTasks] All tasks done [1/1].



XFitter vs. Alpos for HERAPDF1.0

PDF fit of type HERAPDF1.0
« Use QCDNUM for structure funtions (ZMVFNS)
* Use QCDNUM for PDF evolution

$ ./src/alpos tutorial/6.herapdfl10.str

InitFunctions {{
FunctionName FunctionT
QcdnumInit QcdnumInit
PDFQ6 HERA 16 PDFQ® HERA 16pts
QcdnumPDF QcdnumPDF

135

813 CALLS 1814 TOTAL
ERROR MATRIX UNCERTAINTY
TOTAL

M CCURATE
00 HERA
HERA
HERA
HERA
HERA
) HERA
HERA
HERA
HERA
HERA

v
3

w

gl

B B B L B e el e

13
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Incomplete list of 'functions’

AUserFunction.h
ATwoPomeronParams.h
ATwoPomeronModel.h
AStrowpl.h
ASingleConstant.h
AQcdnumPDF.h
AQcdnuminit.h
AQcdnumDISCS.h
AQcdnumDISCSEWFit.h
AQcdnumDDISCS.h
AQcdnumAlphas.h
APDFQO0_QcdnumExample.h
APDFQO _LHAPDF.h
APDFQO_HERAStyle.h
APDFQO_HERA.h
APDFQO _diff.h
APDFQO0_BilLog.h
ALhapdf6.h
ALhapdf6Alphas.h
AHI1DPDF2006.h
AFunctionTF1.h
AFixedValues.h

AExamﬁIeFunction.h

ADPDF.h
ACRunDecFunction.h
ABelleTDCPV.h
AApplgrid.h
AApfelxxReggeonCS.h
AApfelxxPDF.h
AApfelxxDISCS.h
AApfelxxDDISCS.h
AApfelxxAlphas.h
AApfel.h
AApfelDISCS.h
AApfelDISCSEWFit.h
AApfeIDDISCS.Il;
fastNLOAIpos.h
fastNLOAIposDPDF.h
AfastNLORatio.h
AfastNLOnormDIS.h
AfastNLOnormDISalt.h
AfastNLOInterpolPDFasNormDIS.h
AfastNLOInterpolPDFas.h
AfastNLO.h
AfastNLODIffDIS.h
AfastNLOalt.h
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Incomplete list of 'functions’

AUserFunction.h
ATwoPomeronParams.h
ATwoPomeronModel.h
AStrowpl.h
ASingleConstant.h
AQcdnumPDF.h

AQcdnuminit.h h
EWFit.h

AQcdnumDDISCS.h
AQcdnumAlphas.h
APDFQO0_QcdnumExample.h
APDFQO_LHAPDF.h
APDFQO_HERAStyle.h
APDFQO0_HERA.h
APDFQO0_diff.h
APDFQO BiLog.h
ALhapdf6.h
ALhapdf6Alphas.h
AH1DPDF2006.h
AFunctionTF1.h
AFixedValues.h

AExampleFunction.h
AEprc.

ADPDF.h
ACRunDecFunction.h
ABelleTDCPV.h
AApplgrid.h
AApfelxxReggeonCS.h
AApfelxxPDF.h h
AApfelxxDDISCS.h
AApfelxxAlphas.h
AApfel.h

AApfelDISCSEWFit.h
AApfelDDISCS.h
AAlphaEmRun.h
fastNLOAIpos.h
fastNLOAIposDPDF.h
AfastNLORatio.h
AfastNLOnormDIS.h
AfastNLOnormDISalt.h
AfastNLOInterpolPDFasNormDIS.h
AfastNLOInterpolPDFas.h
AfastNLO.h
AfastNLODIffDIS.h
AfastNLOalt.h
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gy
if

else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else

Add PDF uncertainties to the

Wrapper of ROOT:: TMinimizer

wamns

if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if

R

e i i e e i i i e e e i e e i e i T e B R DL

[T LS

ttype =

ttype
ttype
ttype
ttype
ttype
ttype
ttype
ttype
ttype
ttype
ttype
ttype
ttype
ttype
ttype
ttype

ttype =

ttype
ttype
ttype
ttype
ttype

(EITTIVIR VIRV B I A T P SPR RSP SR VY R ETL

AExawpleTask : fTaskType )
AFitter::fTaskType )
Aapcalc: : fTaskType )
AapcFitter::fTaskType )
AConstLQFitter: :fTaskType }
APrintTheorySet::TaskType() )
ASaveTheorySet: :TaskType() )
APrintSteering: :TaskType(} )
AStatAnalysis::fTaskType )
APrintErrorSummary: : fTaskType
APrintDataTheory: : fTaskType )
AChi2FitPDFas:: fTaskType )
AChi2InterpolPDFas: : fTaskType
AChi2Scan: : fTaskType )
AContour: : fTaskType )
AReplaceDataWithTheoryValues:
AapcFitter: : fTaskType )
ASavePDFTGraph: : fTaskType }
ASaveDPDFTGraph: : fTaskType )
ASaveDataTheory:: fTaskType )
AsScaleUncertainty:: fTaskType )
APDFUncer: : fTaskType )
ALHAPDFErrors: : fTaskType )

List of tasks

Constrained least square
minimizer (C++)

return
return
return
return
return
return
return
return
return
} return
return
return
} return
return
return

return
return
return
return
return
return
return

new
new
NewW
NewW
New
new
new
new
new
new
New
NewW
new
new

: fTaskType )

new
new
New
New
NewW
ne!

Another minimzer

AfpcFitter(tname ffAFltter(tname fSteerflle &TRe
AConstLQFitter(tname);//AFitter(tname, fSteerfile,
APrintTheorySet (tname) ;

ASaveTheorySet (tname);

APrintSteering(tname);

AstatAnalysis(tname); Ptir1ir1]iZZEEr t)fifSEB(j on
APrintE 5 (t 1 i i i
e sy, polynomial/spline ft to
AChi2FitPDFas(tname); proflle likelihood

AChi2InterpolPDFas (tname);

AChi2Scan(tname);

AContour(tname): 4+ —— 1
return new AReplaceDataWithTheoryValues! 2D.C0ntour pIOt (USIng

AfpcFitter(tname); AFIttel’)

ASavePDFTGraph (tname) ;

ASaveDPDFTGraph (tname) ;

AsaveDataTheory(tname) ;

AscaleUncertainty(tname);

APDFUncer (tname) ;

ALHAPDFErrors (tname) ;

Write out LHAPDF grid with
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Resume

Pro's of Alpos Con's of Alpos
« Very simple to implement new « Steering file may become difficult to
prediction understand

« Straight forward to implement new « Output is sometimes difficult to obtain
minimizer - requires (additional) 'tasks'
new x2 definition _ _ _
« Despite the API has a fairly strict
« At any place in the code: syntax, for an optimized code, and
parameters of the predictions can be makln% use of inherent caching
changed, and 'updated' predictions can algorithm in Alpos, some code

be obtain in an efficient way

Flexible data format (definition of
uncertainties)

optimizations are sometimes required

Fortran (non-object-oriented) code
may be difficult to interface,
although, there is 'standardised' way

Daniel Britzger
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Summary

Alpos is an object-oriented data-to-theory-comparison framework

« The 'theory module' consists of parameter- and function-objects inheriting from the
same base class

« The input to functions, and the relation between parameters are specified in the
steering

« At any place in the code:
parameters of the predictions can be changed,
and 'updated' predictions can be obtain in an efficient way

Daniel Britzger
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Full list of 'functions

AFuncD* ptr = NULL;

if

{

functype

else if ( functype
l #if CMAKE FOUND APFEL

else
else
else
else
else
else
else

if
if
if
if
if
if
if

functype
functype
functype
functype
functype
functype
functype

AExampleFunction:: fFunctionName )
ACRunDecFunction: : fFunctionName )

AApfelInit::fFunctionName )
AapfelPDF: : fFunctionName )
AApfelAs:: fFunctionName )
AApfelQEDEvol: : fFunctionName )
AApTelDISCS: : fFunctionName )
AApTelDISCSEWFit: : fFunctionName )
AApfelDDISCS: : fFunctionName )

#endif //_CMAKE_FOUND_APFEL
#if CMAKE FOUND APFELxXx
if ( functype
if ( functype
if ( functype
if ( functype
if ( functype
MAKE_FOUND_APFELxx

else
else
else
else
else

#endif //_Cl

else
else
else
else
else

if
if
if
if
if

{
{
(
{

//else if
else if (
else if (
else if (
else if (
#if CMAKE FOUND QCDNUM
else if ( functype = AfastNLOnormDIS::fFunctionName )
else if ( functype
//else if ( functype = AfastNLODiffDIS::fFunctionName )
#endif //_CMAKE_FOUND_QCDNUM
else if ( functype = AfastNLOInterpolPDFas::fFunctionName )
#if _CMAKE_FOUND_QCDNUM

else if ( functype = AfastNLOInterpolPDFasNormDIS: : fFunctionName )

functype
functype
functype
functype
functype

( functype

functype
functype
functype
functype

AApTelxxDISCS: : fFunctionName )
AApfelxxDDISCS: : fFunctionName )
AApfelxxAlphas: :fFunctionName )
AApfelxxPDF: : fFunctionName )
AApfelxxReggeoncs: : fFunctionName )

ADPDF: : fFunctionName )
ALhapdf&: : fFunctionName )
ALhapdfealphas: : fFunctionName )
AStrowpl::fFunctionName )
AH1DPDF2006: : TFunctionName )

ABelleTDCPV:: fFunctionName )
AfastNLO: : fFunctionName )
AfasthLOalt::fFunctionName )
AfastNLODiffDIS: : fFunctionName )

AfastNLOnormDISalt:: fFunctionName }

#endif //_CMAKE_FOUND_QCDNUM

else if { functype = AfastNLORatio::fFunctionName )
#if _CMAKE_FOUND_APPLGRID

else if ( functype = AApplgrid::fFunctionName )
#endif //_CMAKE_FOUND_APPLGRID

Daniel Britzger

AsuperTheory: : fFunctionName }
ASuperData: : fFunctionName )
ASubsetFunction: : fFunctionName )}
ASubsetData: : fFunctionName )
AData: : fFunctionName )
AsingleConstant::fFunctionName )}
AFunctionTF1::fFunctionMName )

AQcdnumInit::fFunctionName )
AQcdnumalphas: : fFunctionName )
AQcdnumPDF : : fFunctionName )
AQcdnumDISCS: : fFunctionMName )
AQcdnumDDISCS: : fFunctionName )

AQcdnumDISCSEWFit: : fFunctionName )
AAlphaEmRun: : TFunctionName )

AEprc:: fFunctionName )
APDFQ@_LHAPDF: : fFunctionMName )

ptr =
ptr =

ptr =
ptr =
ptr =
ptr =
ptr =
ptr =
ptr =

ptr
ptr
ptr
ptr
ptr

ptr =
ptr =
ptr =
ptr
ptr

AExampleFunction(funcname);
ACRunDecFunction(funcname};

AapfelInit(funcname);
AApfelPDF(funcname) ;
AnpfelAs (funcname);
AapfelQEDEvol (funcname) ;
AApfelDISCS(funcname);
AApTelDISCSEWFit(funcname);
AApTelDDISCS(funcname) ;

= new AApfelxxDISCS(funcname);
= new AapfelxxDDISCS(funcname);

new AApfelxxAlphas(funcname);
new AApfelxxPDF(funcname) ;

= new AApfelxxReggeonCs({funcname);

new
new
new
new
new

ADPDF(funcname) ;

ALhapdf6 (funcname) ;
ALhapdfeAlphas (funcname) ;
AStrowpl(funcname);
AH1DPDF2006 ( funcname) ;

AAlphasDependentPDF: : fFunctionName)ptr = new AAlphasDependentPDF{funcname);

ptr = new ABelleTDCPV(funcname);

ptr =
ptr =
ptr =

ptr =

new
new
new

new

AfastNLO(funcname);
AfastNLOalt(funcname);
AfastNLODiffDIS(funcname);

AfastNLOnormDIS(funcname) ;

ptr = new AfastNLOnormDISalt({funcname);
ptr = new AfastNLODiffDIS(funcname);

ptr =
ptr =

ptr =
ptr =
ptr =
ptr =
ptr =
ptr =
ptr =

ptr =
ptr =
ptr =
ptr =
ptr =

ptr =
ptr =

ptr =
ptr =

APDFQO_QcdnumExample: : fFunctionName )

APDFQ@_HERAStyle::fFunctionName )
APDFQO_diff::TFunctionName )
APDFQ@_HERA::fFunctionName )
APDFQO_BilLog: : fFunctionMame )
ATwoPomeronModel: : fFunctionName )
ATwoPomeronParams: : fFunctionName )}
AUserFunction::fFunctionName }

else if ( functype =
else if ( functype

else if ( functype =
else if ( functype =
else if ( functype

else if ( functype =
else if ( functype =

#if _CMAKE_FOUND_QCDNUM

else if ( functype =
else if ( functype =
else if ( functype

else if ( functype =
else if ( functype =
else if ( functype =

#endif // CMAKE FOUND QCDNUM

else if ( functype =
else if ( functype =
else if ( functype =
else if ( functype

else if ( functype

else if ( functype

else if ( functype

else if ( functype =
else if ( functype =
else if ( functype

else if ( functype =
alea if { funrtvne —

AFivedvalues- - fRunctinnName )

ptr
ptr
ptr =
ptr =

new

new
new
new

ptr = new AfastNLOInterpolPDFas(funcname);

ptr = new AfastNLOInterpolPDFasNormDIS(funcname);
AfastNLORatio(funcname) ;
AApplgrid({funcname);

ASuperTheory(funcname); // should not be used in steering
ASuperData(funcname); // should not be used in steering
ASubsetFunction(funcname); // should not be used in steering
ASubsetData(funcname); // should not be used in steering
AData(funcname); //< A data set

ASingleConstant (funcname);

AFunctionTF1(funcname) ;

AQcdnumInit(funcname);
AQcdnumAlphas (funcname) ;
AQcdnumPDF (funcname) ;
AQcdnumDISCS( funcname) ;
AQcdnumDDISCS (funcname) ;

AQcdnumDISCSEWFit(funcname);
AALphaEmRun { funcname) ;

AEprc(funcname) ;
APDFQO_LHAPDF ( funcname) ;

ptr = new APDFQO_QcdnumExample(funcname);

new

APDFQO_HERAStyle(funcname);
APDFQO_diff(funcname);
APDFQO_HERA(funcname) ;
APDFQO_Bilog({funcname) ;

= new ATwoPomeronModel (funcname) ;

new ATwoPomeronParams ( funcname) ;
new AUserFunction(funcname);

= new AFivedialues{funrname) -



sy .

else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else
else

wamns

if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if

e
ttype ==
ttype ==
ttype =
ttype =
ttype =
ttype =
ttype =
ttype ==
ttype ==
ttype ==
ttype =
ttype =
ttype =
ttype =
ttype =
ttype ==
ttype ==
ttype ==
ttype =
ttype =
ttype =
ttype =
ttype —

List of tasks

LU ML L 3 T L LR SRy LI s

AExampleTask :fTaskType )
AFitter::fTaskType )
Anpcalc: : fTaskType )
AdpcFitter::fTaskType )
AConstLQFitter: : fTaskType }
APrintTheorySet: :TaskType(} )
AsaveTheorySet: :TaskType(} )
APrintSteering: :TaskType()} )
AStatAnalysis::fTaskType )
APrintErrorsummary: : fTaskType
APrintDataTheory: : fTaskType )
AChi2FitPDFas: : fTaskType )
AChi2InterpolPDFas: : TTaskType
AChi2Scan: : fTaskType )
AContour: : fTaskType )
AReplaceDataWithTheoryValues:
AnpcFitter::fTaskType )
ASavePDFTGraph: : fTaskType )
ASaveDPDFTGraph: : fTaskType )
ASaveDataTheory: : fTaskType )
AScaleUncertainty: : fTaskType )
APDFUncer: : fTaskType )
ALHAPDFErrors: : fTaskType )

return
return
return
return
return
return
return
return
return
} return
return
return
} return
return
return

return
return
return
return
return
return
return

Ly

New
New
new
new
new
new
new
NeEwW
NewW
NeEwW
new
new
new
new
new

:fTaskType )

New
NewW
new
new
new
new
New

rmtigptee g o nmeme e e - = s
AExampleTask(tname);
AFitter(tname);//AFitter(tname, fSteerfile,&TResul
Anpcalc(tname);//AFitter(tname, fSteerfile, &fResul
AfpcFitter(tname);//AFitter(tname, fSteerfile,&TRe
AConstLQFitter(tname);//AFitter(tname, fSteerfile,
APrintTheorySet(tname) ;
AsaveTheorySet (tname);
APrintSteering({tname);
AStatAnalysis (tname);
APrintErrorSummary (tname) ;
APrintDataTheory(tname);
AChi2FitPDFas (tname);
AChi2InterpolPDFas (tname);
AChi2Scan(tname) ;
AContour (tname) ;

return new AReplaceDataWithTheoryValues!
AfpcFitter(tname);
ASavePDFTGraph{tname);
ASaveDPDFTGraph(tname) ;
ASaveDataTheory(tname);
AScaleUncertainty(tname);
APDFUncer(tname) ;
ALHAPDFErrors (tname) ;
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List of X2 definitions

if ( chisq = AChisglLogNormal::GetChisgMame() ) return new AChisglLogNormal(par,data,theo);

else if ( chisq == AChisgLogNormalNuisance: :GetChisgName() )} return new AChisgLogMNormalNuisance(par,data, theo);

else if ( chisq = AChisqglLogNormalNuisanceFit::GetChisgName() ) return new AChisqlLogNormalMuisanceFit(par,data,theo);
else if { chisq — AChisglLogNormalStatUncorr::GetChisgName(} ) return new AChisglLogNormalStatUncorr(par,data,theo);
else if ( chisq == AChisgNormalLogNormal::GetChisgName() ) return new AChisgNormallLogNormal (par,data,theo);

// --- chisq without covariance matrices

else if { chisqg
else if ( chisq
else if ( chisg
// else if ([ chisq
// else if [ chisg

AChisgSimple: :GetChisgName() )} return new AChisgSimple(par,data,theo);

AChisgSimpleNuisanceMultFit: :GetChisgName() )} return new AChisgSimpleNuisanceMultFit(par,data,theo);
AChisgSimpleNuisanceAddFit: :GetChisgName(} ) return new AChisgSimpleNuisanceAddFit(par,data,theo);
== AChisgSimpleNuisanceMult::GetChisgMame() ) return new AChisgSimpleNuisanceMult(par,data,theo);
== AChisgSimpleNuisanceAdd: :GetChisghame() ) return new AChisqSimpleNuisanceAdd(par,data,theo);

// --- chisq with covariance matrices and nuisance parameters

else if ( chisq = AChisqCov::GetChisgName() ) return new AChisgCov(par,data,theo);

else if ( chisq = AChisqCMS::GetChisgName() ) return new AChisgCMS(par,data,theo);

else if ( chisq == AChisgCovMult::GetChisgName() ) return new AChisqCovMult(par,data, theo};

else if ( chisq == AChisgCovStatUncorr::GetChisgName() ) return new AChisqCovStatUncorr(par,data,theo);

else if ( chisq = AChisgNuisanceAdd::GetChisgName() ) return new AChisgNuisanceAdd(par,data,theo);

else if ( chisq — AChisgMuisanceMult::GetChisgName() ) return new AChisgNuisanceMult(par,data,thec);

// else if ( chisq == AChisgNuisanceMultFit::GetChisgName() } return new AChisgNuisanceMultFit(par,data,theo);

// else if ( chisg == AChisgNuisanceAddFit::GetChisgName() )} return new AChisgNuisanceAddFit(par,data,theo);

// --- Attempt for HERAFitter style chisqg's

else if ( chisq = AChisgHERAFitterDefault::GetChisgName() )} return new AChisqHERAFitterDefault(par,data,theo};

else if ( chisq = AChisgHERAFitterLogDefault::GetChisgName(} ) return new AChisgHERAFitterLogDefault(par,data,theo);
else if ( chisq = AChisqHERAFitterDefaultMatrix::GetChisgName() } return new AChisgHERAFitterDefaultMatrix(par,data,theo);
else if { chisq — AChisqHERAFitterDefaultFit::GetChisgName({) ) return new AChisqHERAFitterDefaultFit(par,data,theo);
else if ( chisq == AChisgHERAFitterFull::GetChisgName() ) return new AChisgHERAFitterFull(par,data,theo);

else if ( chisq = AChisqHERAFitterFullImproved: :GetChisgName() ) return new AChisgHERAFitterFullImproved(par,data,theo);
else if ( chisq = AChisgDOFit::GetChisgName() ) return new AChisqDOFit(par,data,theo);

else if ( chisq == AChisgDeStatCorrFit::GetChisgName() ) return new AChisqD@StatCorrFit(par,data,theo};

else if ( chisq = ALogLikelihood: :GetChisgName() ) return new AlLoglLikelihood(par,data,theo);

else if ( chisq = APull::GetChisgName() ) return new APull(data,theo};
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