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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

● χ2 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 χ2 calculation
- simple to define different χ² definitions
- χ² for part of the data → possibility to detect 'hot' areas, etc...
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Relevant publications I
H1 low-Q2 jets

● αs fit with new H1 ep→jets data
● inclusive jet, dijet and trijet cross sections
● also normalised cross sections:

σjet/σNC-DIS

● χ² calculation for aNNLO and full NNLO predictions

Tricky: 
● data has complicated stat. correlations due to 

unfolding
also: inclusive jet, dijet & trijet observables are stat. 
correlated
and those correlations are taken into account

● Large amount of theoretical uncertainties had to be 
evaluated

Eur.Phys.J.C77 (2017) 4



5Daniel Britzger

Relevant publications II
αs from global inclusive jets

● αs from 'global' inclusive jet cross section data:
One data set from:
H1, ZEUS, STAR, CDF, D0, ATLAS, CMS

Technical advancement:
● αs extrations from D0, H1, CMS have been repeated

→ their fitting methods differ in many aspects:

these 3 fitting procedures have been successfully re-
implemented in Alpos (including uncertianties)

→This demonstrates great flexibility of the Alpos framework

● One 'common' type fit strategy has been developed

Eur.Phys.J. C79 (2019) 68
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Relevant publications III
αs from H1 jet data in NNLO 

First use of NNLO grids for αs determination
 and/or PDF fit

Technical achievements: Two distinct fits 

1) fit of αs to ep jet cross sections

both αs dependencies are accounted for, by defining 
μ0=20GeV and performing DGLAP
(using QCDNUM, APFEL or APFEL++)

2) Fit to NC & CC DIS from H1
 + norm. jet cross sections
→ H1PDF2017

Eur.Phys.J.C77 (2017), 791

Hard ME's

PDFs
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Electroweak parameters from HERA incl. DIS data (H1)
● PDF+EW fit to all H1 incl. NC & CC DIS data (using QCDNUM)
● 1-loop EW corrections obtained from EPRC

Eur.Phys.J. C78 (2018) 777
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FCC-eh/LHeC future perspectives
FCC-eh and LHeC perspectives

● PDFs (benchmarking xFitter results [Fra Giuli])
● Electroweak physics with incl. DIS

e.g. mtop through 1-loop EW corrections
● αs prospects

xFitter uncertainties
Alpos uncertainties
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Relevant publications IV

Two tensor pomeron fit
● Fit of two-tensor pomeron model to inclusive NC DIS and

PHP data
→ See Sasha's talk on tuesday

αs fit from dijet data in diffractive DIS in NNLO
● χ²/ndf=13/14
● Δαs = 4%

Ongoing: 
● αs from HERA inclusive jets (DIS19)
● 2D limits on contact interactions with 

HERA inclusive DIS data (~2020)
● Belle time-dependent CP violation analysis

→ Vladimir's talk
● Diffractive PDFs with H1 data and 

dijet cross sections in NNLO (DIS19)
APFEL, APFEL++, QCDNUM, GRV-pion, Owen's pion, 
H1DPDF2006, FONLL-C, FFNS, ZMVFNS, 
NNLO diffractive dijets w/ fastNLO+NNLOJET, 
arbitrary parameterisations, χ2 definitions, 3D + 4D diff. data, ...

arXiv:1901.08524

Internal

Eur.Phys.J. C78 (2018) 538

http://arXiv.org/abs/arXiv:1901.08524
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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.
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Design considerations
Flexible to use

● αs fits
● Electroweak fits
● Simple χ2 studies (without fits)
● PDF fits

It should be VERY simple to implement new 
theory prediction

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 χ2, for different χ2 definitions

● Transparent workflow

Alp
os

Tasks

Theory

Dataset

AFuncD

.dat

AT
as
k
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Technicalities I
Alpos

● Program execution

● Program workflow Initialisation

● Parse steering file (*.str), and
Read data files (*.dat) from steering

● Initialize theory 'functions' as specified 
in steering

Run list of 'tasks', as specified in 
steering

● Run subsequently 'tasks'Hint: arbitrary additional information can be 
passed through the command line using 
equivalent syntax as steering file: Values 
are superseeding keys from steering

Note: code examples are sometimes shortened!
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Technicalities II
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> 

● 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
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The 'TheoryHandler' class
The TheoryHandler

● a singleton class  
First, it initialises the theory 
module (i.e. all parameters 
and functions)
as specified in the steering file

it 'owns' all parameters 
(and functions) and holds 
them in a map

There are 1:1 relations between 
a 'data function' and some 
'theory function':
Background: any 'data' can only be 
specified in the steering with some related 
'theory function' to provide its predictions

Everything else here…
ASuperData, ASuperTheory, AData, ASubsetData, 
ASubsetFunction, …, 
are just implementations of abstract class
typedef AParmFuncBase<double> AFuncD;
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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, 
that also those need to re-redo their 
calculations

1) Every 'AParmBase' has a vector<T> 
of values

2) The values are obtained with 
'Update()'. Check 'fUpToDate'
● Redo calculation of that 

implementation
● else… return cached value

Inherent caching algorithm !
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Example implementation of a 'function': fastNLO

Here: almost entire interface of 
fastNLO in Alpos (little bit simplified)

1) fRequirements:
These 'parameters' or 'functions 
need to be specified in the steering 
as input to fastNLO
● 'Filename' is the fastNLO filename
● PDF,Alpha_s are 'functions'
● ScaleFacMuR is a 'parameter' 

holding the scale factor
● […] few more parameters 

(removed from that example)
2) Init(): once called during startup
3) Update(): is called, once some of the 

'input' parameters (fRequirements) 
has changed, a

4) fastNLO specific interface of PDFs 
and α

s
(μ

R
), accessing the 'Update()' 

return from the Alpos functions 'PDF' 
and Alpha_s

class fastNLOalt
class fastNLOReader

class AParmFuncD
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Technicalities IV: steering file, parameters
Steering file

● Global parameters to Alpos
global parameters for 
Alpos

In this example: No data

Two trival tasks:
1) change value of 
parameter 'pi'
2) print all parameters

In this example: No data

Parameters:
here: e and pi are set to 
be equal !

Functions
(in this example: no functions)
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Output:  $> alpos minsk.str

Parameter 'pi' 
is set to 3.1

Parameters 'pi' 
and 'e' are 
effectively the 
same object: 
thus they have 
the same value
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Technicalities IV: steering file, parameters
A list of data sets, and 
corresponding 
'functions' providing 
their predictions

A list of tasks, that Alpos 
should work through.
Every task type 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 file: a simple 
example

Too small…

I'll remove 'comments'
→ next slide
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Two data sets: both use 
'fastNLO' for their predictions

Function 'name'
Function 'type'

Parameters

Functions

A function is input to 
another function

Function 'type'

Every function needs to 
specify its default input 
parameters

These parameter are 
finally 'the same'
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What Alpos has
in memory

fastNLO
H1-Dijets-HERAII

LHAPDF6
LHAPDF6

LHAPDF6
MSTW

Functions

Parameters (functions) and their return values

fastNLO
H1-InclJets-HERAII

CRunDec
CRunDec

SuperData
SuperData

SuperTheory
SuperTheory

AData
H1-Dijets-HERAII_Data

AData
H1-InclJets-HERAII_Data

This is a single 
parameter instance, but 
it has two names

AlposTheory can 
become extensive: 
H1PDF2017 fit had 
586 parameters
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What Alpos has
in 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

Parameters (functions) and their return values
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Technicalities V: data file
Uncertainties A table called 'Data' with 

arbitrary colums
One colum named 'Sigma' !

Specifications of 
uncertainties:

1) Specify name of 
uncertaity source
2) Specify 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
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Uncertainties and χ² calculation
Example 1 (out of 23) χ² 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!

Access to uncertaintes:
matrices
 actype = 'XY'
 X: E/T/A:   experimental/theo. uncert./ all
 Y: S/Y/A:   Stat./syst./all

 access = 'AaaBb[Ccc[Ddd]]' with:           
 Aaa:  'Abs', 'Rel'        Obtain relative or absolute uncertainty 
 Bb:   'Up', 'Dn', 'Av'    Obtain up-,down- or averaged uncertainty
 Ccc:  'Tot', 'Cor', 'Unc' Obtain total,corr., or uncorrelated part 
 Ddd:  'Mul', 'Add', 'All' Obtain only additive or multiplicative 
errors (or all [default])

… or vectors (not shown here)
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Uncertainties and χ² calculation
Example 1 (out of 23) χ² 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!
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A very simple fit
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xFitter vs. Alpos for HERAPDF1.0
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Incomplete list of 'functions'
AUserFunction.h
ATwoPomeronParams.h
ATwoPomeronModel.h
AStrowp1.h
ASingleConstant.h
AQcdnumPDF.h
AQcdnumInit.h
AQcdnumDISCS.h
AQcdnumDISCSEWFit.h
AQcdnumDDISCS.h
AQcdnumAlphas.h
APDFQ0_QcdnumExample.h
APDFQ0_LHAPDF.h
APDFQ0_HERAStyle.h
APDFQ0_HERA.h
APDFQ0_diff.h
APDFQ0_BiLog.h
ALhapdf6.h
ALhapdf6Alphas.h
AH1DPDF2006.h
AFunctionTF1.h
AFixedValues.h

AExampleFunction.h
AEprc.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
AApfelDDISCS.h
AAlphaEmRun.h
fastNLOAlpos.h
fastNLOAlposDPDF.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
AStrowp1.h
ASingleConstant.h
AQcdnumPDF.h
AQcdnumInit.h
AQcdnumDISCS.h
AQcdnumDISCSEWFit.h
AQcdnumDDISCS.h
AQcdnumAlphas.h
APDFQ0_QcdnumExample.h
APDFQ0_LHAPDF.h
APDFQ0_HERAStyle.h
APDFQ0_HERA.h
APDFQ0_diff.h
APDFQ0_BiLog.h
ALhapdf6.h
ALhapdf6Alphas.h
AH1DPDF2006.h
AFunctionTF1.h
AFixedValues.h

AExampleFunction.h
AEprc.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
AApfelDDISCS.h
AAlphaEmRun.h
fastNLOAlpos.h
fastNLOAlposDPDF.h
AfastNLORatio.h
AfastNLOnormDIS.h
AfastNLOnormDISalt.h
AfastNLOInterpolPDFasNormDIS.h
AfastNLOInterpolPDFas.h
AfastNLO.h
AfastNLODiffDIS.h
AfastNLOalt.h
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List of tasks

Wrapper of ROOT::TMinimizer

Constrained least square 
minimizer (C++)

Another minimzer

Minimizer based on 
polynomial/spline fit to 
profile likelihood

Write out LHAPDF grid with 
uncertaintes

Add PDF uncertainties to the 
'predictions'

2D Contour plot (using 
AFitter)
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Resume
Pro's of Alpos

● Very simple to implement new 
prediction

● Straight forward to implement new 
minimizer
new χ² definition

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

● Flexible data format (definition of 
uncertainties)

Con's of Alpos

● Steering file may become difficult to 
understand

● Output is sometimes difficult to obtain
→ requires (additional) 'tasks'

● Despite the API has a fairly strict 
syntax, for an optimized code, and 
making use of inherent caching 
algorithm in Alpos, some code 
optimizations are sometimes required

● Fortran (non-object-oriented) code 
may be difficult to interface, 
although, there is 'standardised' way
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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
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Full list of 'functions'
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List of tasks



36Daniel Britzger

List of χ2 definitions


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

