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Combine tool
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● Primary software framework for statistical model building & inference in CMS analyses

● Based of RooFit + RooStats packages

○ Construct likelihood function for model of arbitrary complexity

● For many years was supported by only Higgs Combination Group

● Now under remit of Common Analysis Tools (CAT) group

○ Statistical Tools subgroup (Conveners: Kyle Cormier, Aliya Nigamova)

○ Continued support by Higgs comb



Documentation
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● (High quality) documentation + software has been public for a long time

Complete with 
detailed tutorials

http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/


Hot off the press
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● arXiv:2404.06614: submitted to Computing and Software for Big Science, citable public document!

https://arxiv.org/abs/2404.06614


Installation + dependencies
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● Current recommended combine tag is v9.2.1 using ROOT 6.22

● Working branch with ROOT 6.26, using for Run 2 Higgs combination

● Yesterday we worked towards compilation/testing in ROOT 6.30… thanks!

○ Task: complete today then validate results

○ Benefit from nice RooFit updates, xRooFit compatibility, …

○ Aiming for v10 tag in ~month timescale with 6.30 (6.26 Back-Up)

● CMS users can install within CMSSW environment

● For non-CMS users: provide pre-compiled versions as container images from CMS cloud

● Also standalone compilation options with LCG/conda

● Today’s task: compilation with cmake in StatAnalysis ?

https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/tree/14x-comb2023
https://gitlab.cern.ch/cms-cloud/combine-standalone
https://gitlab.cern.ch/atlas/StatAnalysis


Likelihood construction (default binned model)
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General purpose tool
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● Great advantage of combine is generality + sheer number of features

○ Not limited to template (binned) fits

○ Command line tool with many options

○ Quickly go over a number of features…

+



Inputs
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● Configured by txt datacards…



Physics models

9

● Provide large bank of models for physics interpretations 



Combining channels
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● Combine makes it very easy to combine channels (categories, regions, analyses, …)

● Does what it says on the tin



Main methods
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Main methods
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CombineHarvester tool
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● CombineHarvester: C++ package with python interface to create and modify datacards (proto API)

● Also contains scripts for batch submission of combine jobs (combineTool.py)

● + plotting scripts

● Future work: integrate CH functionality within combine + provide complete API 



(Non-exhaustive) list of
additional features



Additional features: FitDiagnostics
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Additional features: autoMCStats
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● Feature in combine for incorporating uncertainties due to finite event counts in templates

● Automatically models total uncertainty in each bin with single Gaussian constraint (“lite” approach)

○ Only need to add a single line in datacard to enable

○ Falls back to per-process Poisson if MC stats too low in any particular bin



Additional features: autoMCStats
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Additional features: CMSHistSum
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● Memory optimization for binned analyses (PR)

● Standard approach is to treat each process as separate object (histogram) in the workspace

● CMSHistSum: single object encapsulating all processes

○ Keeps track internally of contributions in each bin

○ Dramatically reduces number of separate RooFit objects that go into workspace

● Example: reduces H→𝜏𝜏 memory by 60%, fitting time by 40%

○ Differences in fit results are O(10-4) (<< uncertainty intervals)

https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/pull/683


Additional features: discrete-profiling
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● Discrete profiling widely used in CMS: arXiv:1408.6865

● Introduces discrete nuisance parameters that correspond to choice of 

pdf for a given process (RooMultiPdf)

● Allow discrete parameter to vary in maximum likelihood fit

○ NLL penalty for additional DoFs

● Gives uncertainty due to uncertainty on choice of PDF functional form

○ Alternative to spurious signal approach

● Minuit does not support fitting discrete parameters

○ Handled directly by combine (CascadeMinimizer)

https://arxiv.org/abs/1408.6865
https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/blob/main/src/CascadeMinimizer.cc#L489-L722


Additional features: impacts
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● Combine automates the calculation of impacts for nuisance params

Define impact of NP on POI as the shift in 
the POI that is induced as the NP is fixed 
and brought to its +1 and -1 post-fit values

Also see parameter constraint 
relative to input uncertainty

+ Fitted parameter pulls

New summary



Additional features: goodness-of-fit
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Additional features: unfolding

22● We would like to improve the interface/number of features here

Details, Tutorial

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/part3/regularisation/#tunfold-method
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/tutorial2023_unfolding/unfolding_exercise/#getting-started


Additional features: under-the-hood improvements
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● Number of other performance improvements (without going into detail)

● Standard RooFit on tutorial workspace is ~5x slower than combine MultiDimFit

● Similar to speed-ups showed yday with new RooFit features

● Should sit down and discuss pushing some of these things upstream



Benchmarking



Benchmarking combine
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● Kirill has worked on comparing combine to pyhf (with input conversion tool combine2pyhf)

https://github.com/kskovpen/combine2pyhf


Benchmarking combine
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● Kirill has worked on comparing combine to pyhf (with input conversion tool combine2pyhf)

○ Successfully validated translation of inputs and physics results (likelihood scans, impacts etc)

○ Automated: would like to test more inputs!

Small differences 
connected to treatment of 
MC statistical 
uncertainties

https://github.com/kskovpen/combine2pyhf


Updating RooFit (v6.22 → v6.26)



CMS Higgs combination
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ROOT 6.22 ROOT 6.26

● Fixed major memory leak in H→ZZ (multidimfit), performance similar for other channels

● text2workspace is heavy but manageable



RooFit struggles
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● A few problems when moving from ROOT v6.22 → v6.26

ROOT 6.22 ROOT 6.26

● Isolated issue to channels with discrete-profiling e.g. H→𝛾𝛾

● Option in combine: --X-rtd MINIMIZER_multiMin_maskChannels=2 to mask channels which are not needed from NLL

● Compare logs…

Exact same inputs



RooFit struggles
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● Pdf iterations in discrete-profiling give different sets of parameters to minuit

○ ROOT 6.22: only gives parameters corresponding to updated index

○ ROOT 6.26: also parameters from other pdfs even if they are “masked” → Zero gradient problem!

ROOT 6.22 ROOT 6.26



RooFit struggles
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● We found the culprit: added method in ROOT 6.26 which overrides getParameters call

● No longer calling the method from CachingSimNLL in combine because arguments have changed

ROOT 6.22 ROOT 6.26

● Was no longer applying the dedicated channel masking (defined in combine)

● Fix: update CachingSimNLL:getParameters with arguments list to match call in RooMinimizerFcn (PR)

● Lesson: upstream changes can lead to unexpected/hidden behaviour, can we prevent this in future?

https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/blob/main/src/CachingNLL.cc#L1288-L1294
https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/commit/805a3fd0092e4a90976defcf1185fe062f8b574d


RooConstVar: “1” = 0
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● RooConstVar are NOT backwards compatible (also saw problem in ATLAS workspaces with Gaussian constraint parameters)

○ Lead to zero gradients → No gradient = never adjusted in the whole fit

○ Issue present in ROOT 6.22 but not apparent in scans due to changes in PDF masking behaviour (previous slides)

○ Arises as RooConstVar’s used in H→𝛾𝛾 inputs were produced with ROOT v6.12

● Fix: swap all RooConstVars to RooRealVar (and set to const)

○ For now we added a patch to CH



Warning message in H→ZZ
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● Switch to ROOT 6.26 lead to many (100k+) WARNINGS for H→ZZ inputs (unbinned)

○ Causes log files to be O(few Gb), issue when fetching outputs with HTCondor

○ For now we are sweeping issue under carpet by piping output to null

○ Prefer real fix!



Future plans
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● Provide v10 with ROOT v6.30 (fall-back to v6.26 if proving difficult)

● Additional standalone compilation within StatAnalysis package (cmake)

● Merge CombineHarvester functionalities into main combine tool

● API

● Alternative to input txt datacards e.g. HS3 

● General optimisation of code  

● Migration of additional classes/features into RooFit e.g. RooMultiPdf

● Automatic differentiation

● Vectorisation/GPU

As with everything else… slow progress due to lack of personpower!

https://gitlab.cern.ch/atlas/StatAnalysis

