
stats tools w/ ML tools

1

Lukas Heinrich, CERN



Rememer yesterday: 

A lot of statistical modelling is about finding a representation of 
the measurement: 

p(x, z;↵)
<latexit sha1_base64="NUK3Cis94IZIzcul9K6+o1GHfNc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBAiSNiNgoKXoBePEcwDkiXMTmaTIbOz48xsMC75Di8eFPHqx3jzb5w8DppY0FBUddPdFUjOtHHdb2dpeWV1bT2zkd3c2t7Zze3t13ScKEKrJOaxagRYU84ErRpmOG1IRXEUcFoP+jdjvz6gSrNY3JuhpH6Eu4KFjGBjJV8WHk+frlqYyx4+aefybtGdAC0Sb0byMEOlnftqdWKSRFQYwrHWTc+Vxk+xMoxwOsq2Ek0lJn3cpU1LBY6o9tPJ0SN0bJUOCmNlSxg0UX9PpDjSehgFtjPCpqfnvbH4n9dMTHjpp0zIxFBBpovChCMTo3ECqMMUJYYPLcFEMXsrIj2sMDE2p6wNwZt/eZHUSkXvrFi6O8+Xr2dxZOAQjqAAHlxAGW6hAlUg8ADP8ApvzsB5cd6dj2nrkjObOYA/cD5/ANQikXw=</latexit>

fixed parameters 
with "true" value

random variables

unobservable
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In "pure" bayesian inference, all interesting unobserved values 
are in the latent random variables

random variables

unobservable

p(x, z)
<latexit sha1_base64="xNzfUwGC1MVN1o+jmVnLlM3gLAo=">AAAB7XicbVDLSsNAFL3xWeur6tLNYBEqSEmt+NgV3bisYB/QhjKZTtqxk0mYmYg19B/cuFDErf/jzr9xkgZR64ELh3Pu5d573JAzpW3705qbX1hcWs6t5FfX1jc2C1vbTRVEktAGCXgg2y5WlDNBG5ppTtuhpNh3OW25o8vEb91RqVggbvQ4pI6PB4J5jGBtpGZYuj98OOgVinbZToFmSSUjRchQ7xU+uv2ARD4VmnCsVKdih9qJsdSMcDrJdyNFQ0xGeEA7hgrsU+XE6bUTtG+UPvICaUpolKo/J2LsKzX2XdPpYz1Uf71E/M/rRNo7c2ImwkhTQaaLvIgjHaDkddRnkhLNx4ZgIpm5FZEhlphoE1A+DeE8wcn3y7OkeVSuVMvV6+Ni7SKLIwe7sAclqMAp1OAK6tAAArfwCM/wYgXWk/VqvU1b56xsZgd+wXr/Atzcjsw=</latexit>

p(z|x) = p(x|z)
p(x)

p(z)
<latexit sha1_base64="UVLHOQGswK6y3ZBUKOkRhepAaXE=">AAACCXicbVDLSsNAFJ34rPUVdelmsAjNpqRWfCyEohuXFewD2lAm00k7dPJgZiJt02zd+CtuXCji1j9w5984SYOo9cDlHs65l5l77IBRIU3zU1tYXFpeWc2t5dc3Nre29Z3dhvBDjkkd+8znLRsJwqhH6pJKRloBJ8i1GWnaw6vEb94RLqjv3cpxQCwX9T3qUIykkro6DIqT6ciAF7DjcISjoDiaTow46UasPKOrF8ySmQLOk3JGCiBDrat/dHo+Dl3iScyQEO2yGUgrQlxSzEic74SCBAgPUZ+0FfWQS4QVpZfE8FApPej4XJUnYar+3IiQK8TYtdWki+RA/PUS8T+vHUrnzIqoF4SSeHj2kBMyKH2YxAJ7lBMs2VgRhDlVf4V4gFQiUoWXT0M4T3DyffI8aRyVypVS5ea4UL3M4siBfXAAiqAMTkEVXIMaqAMM7sEjeAYv2oP2pL1qb7PRBS3b2QO/oL1/AeuemVk=</latexit>

Inference
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In "pure" frequentist inference, all interesting unobserved 
values are in the "fixed parameters"

random variables

unobservable

Inference  
(e.g. max likelihood)

p(x;↵)
<latexit sha1_base64="QMGlXXANXHykbEJxpp1jId+W/uk=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6KVMrPnBTdOOygn3AdCiZNNOGZpKQZMQy9DPcuFDErV/jzr8xMx1ErQcuHM65l3vvCSSj2rjup7OwuLS8slpYK65vbG5tl3Z221rECpMWFkyoboA0YZSTlqGGka5UBEUBI51gfJ36nXuiNBX8zkwk8SM05DSkGBkrebLycNlDTI7QUb9UdqtuBjhPajkpgxzNfumjNxA4jgg3mCGtvZorjZ8gZShmZFrsxZpIhMdoSDxLOYqI9pPs5Ck8tMoAhkLZ4gZm6s+JBEVaT6LAdkbIjPRfLxX/87zYhOd+QrmMDeF4tiiMGTQCpv/DAVUEGzaxBGFF7a0Qj5BC2NiUilkIFylOv1+eJ+3jaq1erd+elBtXeRwFsA8OQAXUwBlogBvQBC2AgQCP4Bm8OMZ5cl6dt1nrgpPP7IFfcN6/AJ6HkPU=</latexit>

↵̂(x) = argmax↵ p(x;↵)
<latexit sha1_base64="3MPyOuuFA8qqyF5uQVBdPw6ap+k=">AAACHnicbVDLSgMxFM3UV62vqks3wSK0mzK1PilC0Y3LCvYBnVLupGkbmswMSUZaSr/Ejb/ixoUigiv9GzPTImo9EDg5517uvccNOFPatj+txMLi0vJKcjW1tr6xuZXe3qkpP5SEVonPfdlwQVHOPFrVTHPaCCQF4XJadwdXkV+/o1Ix37vVo4C2BPQ81mUEtJHa6WOnD9oBHvQhO8zhC+wI0H0pxiB7AoaT9tTDTgkH2WFp+su10xk7b8fA86QwIxk0Q6Wdfnc6PgkF9TThoFSzYAe6ZYZoRjidpJxQ0QDIAHq0aagHgqrWOD5vgg+M0sFdX5rnaRyrPzvGIJQaCddURsurv14k/uc1Q909a42ZF4SaemQ6qBtyrH0cZYU7TFKi+cgQIJKZXTHpgwSiTaKpOITzCCffJ8+T2mG+UMwXb44y5ctZHEm0h/ZRFhXQKSqja1RBVUTQPXpEz+jFerCerFfrbVqasGY9u+gXrI8vJRaiAA==</latexit>
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In HEP, a lot of inference is done in a frequentist framework: 

Likelihood Fitting is our bread and butter. 
• ML estimators objective: minimize negative log likelihood 

↵̂(x) = argmax↵ p(x;↵)
<latexit sha1_base64="3MPyOuuFA8qqyF5uQVBdPw6ap+k=">AAACHnicbVDLSgMxFM3UV62vqks3wSK0mzK1PilC0Y3LCvYBnVLupGkbmswMSUZaSr/Ejb/ixoUigiv9GzPTImo9EDg5517uvccNOFPatj+txMLi0vJKcjW1tr6xuZXe3qkpP5SEVonPfdlwQVHOPFrVTHPaCCQF4XJadwdXkV+/o1Ix37vVo4C2BPQ81mUEtJHa6WOnD9oBHvQhO8zhC+wI0H0pxiB7AoaT9tTDTgkH2WFp+su10xk7b8fA86QwIxk0Q6Wdfnc6PgkF9TThoFSzYAe6ZYZoRjidpJxQ0QDIAHq0aagHgqrWOD5vgg+M0sFdX5rnaRyrPzvGIJQaCddURsurv14k/uc1Q909a42ZF4SaemQ6qBtyrH0cZYU7TFKi+cgQIJKZXTHpgwSiTaKpOITzCCffJ8+T2mG+UMwXb44y5ctZHEm0h/ZRFhXQKSqja1RBVUTQPXpEz+jFerCerFfrbVqasGY9u+gXrI8vJRaiAA==</latexit>
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How does the ML community and help ? 
minimization is  their bread and butter, too!  

• Minimization of "loss function"  
• ML is more than "glorified fitting", similar enough 

L(�)
<latexit sha1_base64="V/imb42+RkqKD2K+8kjh5PWmjZA=">AAAB7nicbVDLSsNAFL2pr1pfVZdugkWom5JY8bErunHhooJ9QBvKZDpph04mw8xEKKEf4caFIm79Hnf+jZM0iFoPXDiccy/33uMLRpV2nE+rsLS8srpWXC9tbG5t75R399oqiiUmLRyxSHZ9pAijnLQ01Yx0hSQo9Bnp+JPr1O88EKloxO/1VBAvRCNOA4qRNlLnttoXY3o8KFecmpPBXiRuTiqQozkof/SHEY5DwjVmSKme6wjtJUhqihmZlfqxIgLhCRqRnqEchUR5SXbuzD4yytAOImmKaztTf04kKFRqGvqmM0R6rP56qfif14t1cOEllItYE47ni4KY2Tqy09/tIZUEazY1BGFJza02HiOJsDYJlbIQLlOcfb+8SNonNbdeq9+dVhpXeRxFOIBDqIIL59CAG2hCCzBM4BGe4cUS1pP1ar3NWwtWPrMPv2C9fwGNRI8x</latexit>

visualization of loss landscape
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Minimization:  derivatives are important! 

In HEP: 
• e.g. MIGRAD uses gradients / hessians during minimization 

in ML: 
• Stochastic Gradient Descent (SGD) and other optimizers  

use gradients. 

7



Standard MIGRAD computes derivatives as "finite differences" 

Number of function evaluations grows exponentially  
Remembter: ML can have BILLIONS of parameters.. how do they 
do it?

V. Blobel
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Automatic Differentiation (AutoDiff) (separate lecture) 

In short: a way to automatically compute derivatives w.r.t to 
many variables to Machine Precision. 

Backpropagation: Applied AutoDiff

due to large step size 
approximation is bad :(Using Finite Differences Using AutoDiff

exact values at 
evaluted points 
for derivative

using ML  
tools
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Machine Learning as Differentiable Programming 

In some sense, all of ML is about writing programs in 
programming languages that make computing gradients easy  
using autodiff 

"Programming languages" in this case: 

10



A differentiable program only uses a subets of  
numeric compuation primitives  

• builds up a graph of fundamental  
differentiable operations 
• sums, sqrt, log, power, .... 

• autodiff engine can use it  
to efficiently compute derivatives  

Differentiable Programming Language 
• set of diff'able primitive operations 
• autodiff engine 
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Numpy API: the standard  numeric tensor-manipulation API 

All ML tools more or less implement a similar API to deal with 
multi-dimensional arrays, very much inspired by numpy

12



Upshot:  

if we want to use autodiff in our minimization, we need to write 
our models using numpy-like primitives 
• once we have that it's easy to port it to ML frameworks 

Ancilarry benefits: 
• once it's implemented in these new languages, get e.g. 

hardware acceleration (GPU) for free 
• basically means implementing statistical models in python 

• user-friendly  

13



In the last year or so a few projects have emerged to re-
implement standard HEP statistical models to ML-style 
differentiable programs: 

pyhf: pure-python HistFactory (ATLAS, binned) 
• tensorflow, pytorch, numpy,  (jax) .. 

zfit: unbinned modeling library 
• tensorflow only 

Combine on Tensorflow: (CMS, binned) 
• tensorflow only 

https://github.com/bendavid/HiggsAnalysis-CombinedLimit/tree/tensorflowfit 

https://github.com/zfit/zfit 

https://github.com/diana-hep/pyhf/ 

14

https://github.com/bendavid/HiggsAnalysis-CombinedLimit/tree/tensorflowfit
https://github.com/zfit/zfit
https://github.com/diana-hep/pyhf/


Example: pyhf 

HistFactory is a very widely used tool to do template-based 
binned analysis for the LHC (similar to combine) 

A lot of results we publish in ATLAS (CMS) use HistFactory 
(Combine) for binned analysis

SM SUSY Exotics

15



HistFactory: a single simple formula involving Poissons, 
Gaussians powering a large percentag of ATLAS stats 

• simultaneous measurement of multiple,binned 
phase-phase regions 

• (frequentist) constaint terms for nuisance parameters

Main Measurement Constraint Terms

16



Example Systematics in HistFactory 

Shape uncertainties by interpolating histograms 
• input: 3 histograms      f(x|-1), f(x|0), f(x|1) 
 

• comput shape at arbitrary value of nuisance parameters 
through bin-wise interpolation f(x|α) 

• (Combine uses some of those interp. as well)

down nominal up
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Good target to try to port to ML: 
• closed world, finite complexity.. it's just Gaussians, Poissons 
• formula is more or less straight forward 

So, what does HistFacotry  
look like in numpy style?

18



Good target to try to port to ML: 
• closed world, finite complexity.. it's just Gaussians, Poissons 
• formula is more or less straight forward 

So, what does HistFacotry  
look like in numpy style?

Like this: O(200) fundamental ops
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einsum_3
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mul_9

2×9×1×6

Const_9

Cast_9

39×1

GatherV2_3

39×1

Const_10

Cast_10

39×9×6
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52×9×1×6

52×9×1×6

add_2

52×9×1×6
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add_6

39×9×1×6

39×9×1×6

39×9×1×6

39×9×1×6

39×9×1×6

add_7

39×9×1×6

39×9×1×6

39×9×1×6

39×9×1×6
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Reshape_10

9×1×6

1×9×1×6

Prod

45×9×1×6
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value = model.logpdf(pars, data)
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Transparently  change to multiple ML backends
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Providing Inputs: 

HistFactory: 
Historically XML files for structure, ROOT files for histograms 

Combine: 
text-based data cards for structure, ROOT files for histograms 
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When moving to ML tools, good to define a ROOT-indepdent 
way to define the input structure 

pyhf uses JSON... inline data into the structure of the model 

ROOT workspace <> JSON workspace
list of samples in region

list of regions

observed data

list of systematics 
free factors/

model metadata (POI) etc
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So we have:  

• numpy-like implementation of HEP models 
• ROOT-independent, declarative input format 

With this we can run standard HEP inference e.g. profile 
likelihood analysis 

... using the command line 
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... or python APIs (note: different than using PyROOT, this does 
not use ROOT at all)

ln�(µ) = �2
L(µ, ˆ̂✓)

L(µ̂, ✓̂)
<latexit sha1_base64="Un8EWFkSmFzu8bcm6MWulicn98g=">AAACMnicbVBdSxtBFJ211o/40bQ++jIYhARq2MRi24dC0JcKPkQwUciGcHcy6w6ZnV1m7hbCsr+pL/0lgg/6oEhf/RHOJovY6oEZzpxzL3fu8RMpDLrujbPwbvH90vLKamVtfWPzQ/Xjp76JU814j8Uy1hc+GC6F4j0UKPlFojlEvuTn/uSo8M9/cW1ErM5wmvBhBJdKBIIBWmlUPfak8qStH0Pdi9IG/UH32l6ggWUnhfDZCwGz4vIw5Ah5Iy+M4l2ac72Rj6o1t+nOQF+TVklqpER3VL3yxjFLI66QSTBm0HITHGagUTDJ84qXGp4Am8AlH1iqIOJmmM1W zumuVcY0iLU9CulMfdmRQWTMNPJtZQQYmv+9QnzLG6QYfBtmQiUpcsXmg4JUUoxpkR8dC80ZyqklwLSwf6UsBJsX2pQrsxC+Fzh4Xvk16bebrf3m/umXWuewjGOFbJMdUict8pV0yE/SJT3CyG9yTe7IvfPHuXUenL/z0gWn7Nki/8B5fAIrDKpQ</latexit>

CLs =
CLs+b

CLb
<latexit sha1_base64="s1fBwp0bditVVGXQVzbBd62JTpg=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARBKGkVqwuhGI3LlxUsBdoQphMJ+3QyYWZiVBCHsWNr+LGhSK606dxkgZprT8M/HznHOac3wkZFdIwvrTC0vLK6lpxvbSxubW9o+/udUQQcUzaOGAB7zlIEEZ90pZUMtILOUGew0jXGTfTeveBcEED/15OQmJ5aOhTl2IkFbL1uukhOeJe3LxNbAGvoOlyhONZGosTJ0nmkJPYetmoGJngoqnmpgxytWz90xwEOPKILzFDQvSrRiitGHFJMSNJyYwECREeoyHpK+sjjwgrzg5M4JEiA+gGXD1fwozOTsTIE2LiOaoz3VL8raXwv1o/ku6FFVM/jCTx8fQjN2JQBjBNCw4oJ1iyiTIIc6p2hXiEVEJSZVrKQrhMdf578qLpnFaqtUrt7qzcuM7jKIIDcAiOQRXUQQPcgBZoAwwewTN4BW/ak/aivWsf09aCls/sgzlp3z+JqaSb</latexit>
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Both Combine and HistFactory are "closed world" statistics 
frameworks: 
• fixed number of building blocks, systematic types, 

interpolations, etc... 

This "closed-world" approach  

Advantages: enables the declarative structure 
Disadvantage: not straight forward to add new building blocks 
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RooFit: more open world 

• can add custom PDFs, truncate PDFs, convolve pdfs, etc.. 
• used heavily for unbinned analysis (e.g. lot of LHCb stats) 

the zfit project is pursuing this type of open-world appraoch 
using ML tools

26



Free-form statistical modelling in zfit 

Advantage: more flexibility in modeling 
Disadvantage: harder to find framework-independent 

  representation  

Example: 
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... but isn't python slower than C++ ? 

Nope, it's faster. 

the trick is using the numpy-like API 
• numpy ops themselves is implemented in C... fast! 
• in ML libraries tensorflow, pytorch, ops are C++ 

Usage of hardware acceleration is automatic. 

HEP stats on GPUs/TPUs!
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Same for Combine 

Josh Bendavid: (talk)
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https://indico.cern.ch/event/750215/contributions/3105052/attachments/1701062/2739491/tffit-Aug15-2018.pdf


Same for zfit 

arxiv:1910.13429
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https://arxiv.org/pdf/1910.13429.pdf


How trustworthy is it? Does it reproduce results from ROOT? 

Yes. 
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How trustworthy is it? Does it reproduce results from ROOT? 

Yes. 
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Upshot: 

re-implementing statistical models in ML tools unlocks a 
number of itneresting features 

• auto differentiation 
• hardware acceleration 
• ROOT-independent implementation 

Side-Benefit: finding representations of statistical models that 
are implementation-independnt (HistFactory JSON) 

what can we do with this?
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A small tangent 

Back in Y2K: 

Agreement over the importance 
of public likelihoods: 

https://cds.cern.ch/record/452080

34
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Why is the likelihood important ? 

• high information-density summary of analysis 
• almost no result w/o passing through it 
• a unique data fragment to preserve

CP Ops Analysis 

Likelihood

Limits Measure
ments

Data/MC plots

Yield Tables

p(theory|data) = p(data|theory)
p(data)

p(theory)
<latexit sha1_base64="8pGQ8zVCJJKVDGsAQuOsMEq+zOQ=">AAACV3icbVHLTgIxFO0MiIgv0KWbRmICGzKDJroxIbpxiYk8EiCkUzrQ0OlM2jsmZJifNG74FTdaHkYFb9Lk9Jxz29tTLxJcg+MsLDuT3cvt5w8Kh0fHJ6fF0llbh7GirEVDEaquRzQTXLIWcBCsGylGAk+wjjd9XOqdV6Y0D+ULzCI2CMhYcp9TAoYaFmVU6QcEJipIYMJCNUvn3/sRAZJW8T3u+4rQ5Me4EuZbbdV021FNd86uDotlp+asCu8CdwPKaFPNYfGtPwppHDAJVBCte64TwSAhCjgVLC30Y80iQqdkzHoGShIwPUhWuaT4yjAj7IfKLAl4xf7uSEig9SzwjHM5p97WluR/Wi8G/26QcBnFwCRdX+THAkOIlyHjEVeMgpgZQKjiZlZMJ8SkCOYrCiYEd/vJu6Bdr7nXtfrzTbnxsIkjjy7QJaogF92iBnpCTdRCFL2jDytjZa2F9Wnn7PzaalubnnP0p+zSF1qPuC4=</latexit>

computed from the likelihood 
p(data|theory)
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Previously: HEP  published simplified likelihoods 

Reasons: 
• partly sociological 
• partly missing a good, software  

independent format to put on  
archives such as HepData 
• ROOT workspaces probably not? 
• now we do... N Wardle

K  Cranmer, S Kreiss
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Allows anyone to reproduce a key LHC result 
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Allows anyone to reproduce a key LHC result 

Let's do it then 
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Full asymptotic profile likelihood analysis in python  
Upper limits in a few lines: 
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Toy-based analysis in pyhf 

• reproduce key plot in asymptotics  
paper 
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The theory argument in our likelihoods are composite hypotheses 

Chainging BSM → BSM' is often called "reinterpretation" 
• much cheaper than doing a dedicated analysis for that BSM' 
• x and SM portion stay fixed (bulk of computational, human cost)

original analysis (w.r.t model A)

Signal 
Region

original analysis (recast to model B)

Signal 
Regionreinterpret

CLs = 0.03
CLs = 0.05 

p(x|theory) ! p(x|theory0)
<latexit sha1_base64="lt4mlXcwaZGntiCWdHKRImAND6Y=">AAACF3icbVC7TsMwFHXKq5RXgJHFokK0S5QUJBgrWBiLRB9SG1WO67RW7SSyHUQU+hcs/AoLAwixwsbf4LQZoO2RLB2dc698z/EiRqWy7R+jsLK6tr5R3Cxtbe/s7pn7By0ZxgKTJg5ZKDoekoTRgDQVVYx0IkEQ9xhpe+PrzG/fEyFpGNypJCIuR8OA+hQjpaW+aUWVh8ceR2okeKpGJBTJpAp7KoRLjNNq3yzblj0FXCROTsogR6NvfvcGIY45CRRmSMquY0fKTZFQFDMyKfViSSKEx2hIupoGiBPpptNcE3iilQH0Q6FfoOBU/buRIi5lwj09mR0q571MXOZ1Y+VfuikNoliRAM8+8mMGdeysJDiggmDFEk0QFlTfCvEICYSVrrKkS3DmIy+SVs1yzqza7Xm5fpXXUQRH4BhUgAMuQB3cgAZoAgyewAt4A+/Gs/FqfBifs9GCke8cgn8wvn4BFJigew==</latexit>

BSM0 + SM
<latexit sha1_base64="XFirGRTrg8Tu12UfwlGhOe2wD5M=">AAACBHicbVDLSgMxFM3UV62vUZfdBIsoCGWmCrosdeNGqGgf0A4lk2ba0CQzJBmhDF248VfcuFDErR/hzr8x046grQcC555zL7n3+BGjSjvOl5VbWl5ZXcuvFzY2t7Z37N29pgpjiUkDhyyUbR8pwqggDU01I+1IEsR9Rlr+6DL1W/dEKhqKOz2OiMfRQNCAYqSN1LOLXY70UPKkdns9OYIn8Kc2Zc8uOWVnCrhI3IyUQIZ6z/7s9kMccyI0ZkipjutE2kuQ1BQzMil0Y0UihEdoQDqGCsSJ8pLpERN4aJQ+DEJpntBwqv6eSBBXasx905muqOa9VPzP68Q6uPASKqJYE4FnHwUxgzqEaSKwTyXBmo0NQVhSsyvEQyQR1ia3ggnBnT95kTQrZfe0XLk5K1VrWRx5UAQH4Bi44BxUwRWogwbA4AE8gRfwaj1az9ab9T5rzVnZzD74A+vjG8kal4s=</latexit>

BSM+ SM
<latexit sha1_base64="Q6CyCMxJLA5Fksez+qVrCJZIgVs=">AAACA3icbVDLSgMxFL3js9bXqDvdBIsgCGWmCrosdeNGqGgf0A4lk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2hG09UDg3HPuJfceP+JMacf5shYWl5ZXVnNr+fWNza1te2e3rsJYElojIQ9l08eKchbQmmaa02YkKRY+pw1/eJn6jXsqFQuDOz2KqCdwP2A9RrA2UsfebwusB1IkldvrMTpBP6WpOnbBKToToHniZqQAGaod+7PdDUksaKAJx0q1XCfSXoKlZoTTcb4dKxphMsR92jI0wIIqL5ncMEZHRumiXijNCzSaqL8nEiyUGgnfdKYrqlkvFf/zWrHuXXgJC6JY04BMP+rFHOkQpYGgLpOUaD4yBBPJzK6IDLDERJvY8iYEd/bkeVIvFd3TYunmrFCuZHHk4AAO4RhcOIcyXEEVakDgAZ7gBV6tR+vZerPep60LVjazB39gfXwDYeiXWg==</latexit>
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The theory argument in our likelihoods are composite hypotheses 

One way to think about reinterpretation: 

"patching the likelihood" 

Patch operation: 
• remove old signal 
• add new signal

L patch! L0
<latexit sha1_base64="59kTXnBFrPPfWpJ8ZNsfi/63cNk=">AAACJ3icbVBNS8NAFNzU7/pV9eglWERPJamCnqToxYMHBWsLTSkv2227dJONuy9CCfk3XvwrXgQV0aP/xE0NqK0DC8PMPPa98SPBNTrOh1WYmZ2bX1hcKi6vrK6tlzY2b7SMFWV1KoVUTR80EzxkdeQoWDNSDAJfsIY/PMv8xh1TmsvwGkcRawfQD3mPU0AjdUonXgA4oCCSi9S7jaHrySzOMBkbKkgiQDpI08RDmSd+JvY6pbJTccawp4mbkzLJcdkpPXtdSeOAhUgFaN1ynQjbCSjkVLC06MWaRUCH0GctQ0MImG4n4ztTe9coXbsnlXkh2mP190QCgdajwDfJbEc96WXif14rxt5xO+FhFCML6fdHvVjYKO2sNLvLFaMoRoYAVdzsatMBKKBouiqaEtzJk6fJTbXiHlSqV4fl2mlexyLZJjtkn7jkiNTIObkkdULJPXkkL+TVerCerDfr/TtasPKZLfIH1ucXgnGoxA==</latexit>
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Advantage of using industry tool and declarative formats 

• pre-existing technologies 

patch format for JSON documents: JSONPatch 
• defining a 'patch' representation for workspaces would be much  

harder
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Native Reinterpretation support: test set of alternative hypotheses / 
RECAST by  "patching the likelihood"   (JSONPatch)

+

=

new yields injected

jsonpatch likelihood.json patch.json > new.json
pyhf cls new.json

original analysis (w.r.t model A)

Signal 
Region

original analysis (recast to model B)

Signal 
Regionreinterpret

CLs = 0.03
CLs = 0.05 
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These patches are what we use when publishing likelihoods 

S+B Model

x

Background-Only Model
Signal Likelihood  

Patch

+ =

Limit
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Conclusion: 

A new breed of statistics tools based on ML tools is emerging. 

• better minimization 
• faster 
• integration with wider data science world 
• driving open data advancements 

It's not as polished yet as RooFit, but a gret time to get involved, 
shape the future of HEP statistics tools

48


