
Finite Approximations 
of Discrete Random 

Measures

Jonathan H. Huggins
Postdoctoral Research Fellow


Department of Biostatistics, Harvard

with: Trevor Campbell, Jonathan How, Lorenzo Masoero,
Lester Mackey, Tamara Broderick



Bayesian nonparametrics



Bayesian nonparametrics
Need models that can 
extract new, useful 
information from unbounded 
streams of data 



Bayesian nonparametrics
e.g. keep learning new topics 
from a stream of documents

Need models that can 
extract new, useful 
information from unbounded 
streams of data 



Bayesian nonparametrics
e.g. keep learning new topics 
from a stream of documents

Need models that can 
extract new, useful 
information from unbounded 
streams of data 

Bayesian nonparametrics: 
achieves growing model size 
via infinite parameters 



Bayesian nonparametrics
e.g. keep learning new topics 
from a stream of documents

Need models that can 
extract new, useful 
information from unbounded 
streams of data 

Bayesian nonparametrics: 
achieves growing model size 
via infinite parameters 

[Gopalan 2014]

movie
s

[Teh 2006]

text

[Huang 2014]

medicine

[Michini 2015]

robotics

[Lennox 2010]

genetics

[Prunster 2014]

finance

[Yang 2015]

astronomy

[Yu 2012]

traffic

[Ozaki 2008]

agriculture

[Kottas 2008]

pathology



Bayesian nonparametrics
e.g. keep learning new topics 
from a stream of documents

Need models that can 
extract new, useful 
information from unbounded 
streams of data 

Bayesian nonparametrics: 
achieves growing model size 
via infinite parameters 

[Gopalan 2014]

movie
s

[Teh 2006]

text

[Huang 2014]

medicine

[Michini 2015]

robotics

[Lennox 2010]

genetics

[Prunster 2014]

finance

[Yang 2015]

astronomy

[Yu 2012]

traffic

[Ozaki 2008]

agriculture

[Kottas 2008]

pathology

⇧(d⇥ |X) /⇥ f(X |⇥)⇧0(d⇥)
<latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="gJK4NsyuoPpSqwEqOlmV4tR+8nA="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit>



Bayesian nonparametrics
e.g. keep learning new topics 
from a stream of documents

Need models that can 
extract new, useful 
information from unbounded 
streams of data 

Bayesian nonparametrics: 
achieves growing model size 
via infinite parameters 

[Gopalan 2014]

movie
s

[Teh 2006]

text

[Huang 2014]

medicine

[Michini 2015]

robotics

[Lennox 2010]

genetics

[Prunster 2014]

finance

[Yang 2015]

astronomy

[Yu 2012]

traffic

[Ozaki 2008]

agriculture

[Kottas 2008]

pathology

parameter
⇧(d⇥ |X) /⇥ f(X |⇥)⇧0(d⇥)

<latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="gJK4NsyuoPpSqwEqOlmV4tR+8nA="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit>



Bayesian nonparametrics
e.g. keep learning new topics 
from a stream of documents

Need models that can 
extract new, useful 
information from unbounded 
streams of data 

Bayesian nonparametrics: 
achieves growing model size 
via infinite parameters 

[Gopalan 2014]

movie
s

[Teh 2006]

text

[Huang 2014]

medicine

[Michini 2015]

robotics

[Lennox 2010]

genetics

[Prunster 2014]

finance

[Yang 2015]

astronomy

[Yu 2012]

traffic

[Ozaki 2008]

agriculture

[Kottas 2008]

pathology

likelihood

parameter
⇧(d⇥ |X) /⇥ f(X |⇥)⇧0(d⇥)

<latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="gJK4NsyuoPpSqwEqOlmV4tR+8nA="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit>



Bayesian nonparametrics
e.g. keep learning new topics 
from a stream of documents

Need models that can 
extract new, useful 
information from unbounded 
streams of data 

Bayesian nonparametrics: 
achieves growing model size 
via infinite parameters 

[Gopalan 2014]

movie
s

[Teh 2006]

text

[Huang 2014]

medicine

[Michini 2015]

robotics

[Lennox 2010]

genetics

[Prunster 2014]

finance

[Yang 2015]

astronomy

[Yu 2012]

traffic

[Ozaki 2008]

agriculture

[Kottas 2008]

pathology

datalikelihood

parameter
⇧(d⇥ |X) /⇥ f(X |⇥)⇧0(d⇥)

<latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="gJK4NsyuoPpSqwEqOlmV4tR+8nA="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit>



Bayesian nonparametrics
e.g. keep learning new topics 
from a stream of documents

Need models that can 
extract new, useful 
information from unbounded 
streams of data 

Bayesian nonparametrics: 
achieves growing model size 
via infinite parameters 

[Gopalan 2014]

movie
s

[Teh 2006]

text

[Huang 2014]

medicine

[Michini 2015]

robotics

[Lennox 2010]

genetics

[Prunster 2014]

finance

[Yang 2015]

astronomy

[Yu 2012]

traffic

[Ozaki 2008]

agriculture

[Kottas 2008]

pathology

datalikelihood

priorparameter
⇧(d⇥ |X) /⇥ f(X |⇥)⇧0(d⇥)

<latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="gJK4NsyuoPpSqwEqOlmV4tR+8nA="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit>



Bayesian nonparametrics
e.g. keep learning new topics 
from a stream of documents

Need models that can 
extract new, useful 
information from unbounded 
streams of data 

Bayesian nonparametrics: 
achieves growing model size 
via infinite parameters 

[Gopalan 2014]

movie
s

[Teh 2006]

text

[Huang 2014]

medicine

[Michini 2015]

robotics

[Lennox 2010]

genetics

[Prunster 2014]

finance

[Yang 2015]

astronomy

[Yu 2012]

traffic

[Ozaki 2008]

agriculture

[Kottas 2008]

pathology

posterior

datalikelihood

priorparameter
⇧(d⇥ |X) /⇥ f(X |⇥)⇧0(d⇥)

<latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="gJK4NsyuoPpSqwEqOlmV4tR+8nA="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit>



Inference in BNP models
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• Option #1: Integrate out the parameter    (CRP, IBP, etc.) 
issues: care about the parameters, using certain inference algs. (HMC/VB), 
distributed computation, discrete latent variables instead
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• Option #1: Integrate out the parameter    (CRP, IBP, etc.) 
issues: care about the parameters, using certain inference algs. (HMC/VB), 
distributed computation, discrete latent variables instead

• Option #2: use a finite approximation...  
with e.g. variational inference, HMC [Blei 06; Neal 10]
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• Option #1: Integrate out the parameter    (CRP, IBP, etc.) 
issues: care about the parameters, using certain inference algs. (HMC/VB), 
distributed computation, discrete latent variables instead

• Option #2: use a finite approximation...  
with e.g. variational inference, HMC [Blei 06; Neal 10]

Problem: Wide variety of priors in BNP with  
no or poorly understood finite approximation
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• Option #1: Integrate out the parameter    (CRP, IBP, etc.) 
issues: care about the parameters, using certain inference algs. (HMC/VB), 
distributed computation, discrete latent variables instead

• Option #2: use a finite approximation...  
with e.g. variational inference, HMC [Blei 06; Neal 10]

Problem: Wide variety of priors in BNP with  
no or poorly understood finite approximation

In this talk:
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• Option #1: Integrate out the parameter    (CRP, IBP, etc.) 
issues: care about the parameters, using certain inference algs. (HMC/VB), 
distributed computation, discrete latent variables instead

• Option #2: use a finite approximation...  
with e.g. variational inference, HMC [Blei 06; Neal 10]

Problem: Wide variety of priors in BNP with  
no or poorly understood finite approximation

In this talk:
1) Two finite approximation types: truncated and non-nested
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• Option #1: Integrate out the parameter    (CRP, IBP, etc.) 
issues: care about the parameters, using certain inference algs. (HMC/VB), 
distributed computation, discrete latent variables instead

• Option #2: use a finite approximation...  
with e.g. variational inference, HMC [Blei 06; Neal 10]

Problem: Wide variety of priors in BNP with  
no or poorly understood finite approximation

In this talk:
1) Two finite approximation types: truncated and non-nested
2) Two truncated forms (7 reps total) that allow finite approximation of 

(normalized) completely random measures [(N)CRMs]
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• Option #1: Integrate out the parameter    (CRP, IBP, etc.) 
issues: care about the parameters, using certain inference algs. (HMC/VB), 
distributed computation, discrete latent variables instead

• Option #2: use a finite approximation...  
with e.g. variational inference, HMC [Blei 06; Neal 10]

Problem: Wide variety of priors in BNP with  
no or poorly understood finite approximation

In this talk:
1) Two finite approximation types: truncated and non-nested
2) Two truncated forms (7 reps total) that allow finite approximation of 

(normalized) completely random measures [(N)CRMs]
3) Truncation approximation error analysis
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• Option #1: Integrate out the parameter    (CRP, IBP, etc.) 
issues: care about the parameters, using certain inference algs. (HMC/VB), 
distributed computation, discrete latent variables instead

• Option #2: use a finite approximation...  
with e.g. variational inference, HMC [Blei 06; Neal 10]

Problem: Wide variety of priors in BNP with  
no or poorly understood finite approximation

In this talk:
1) Two finite approximation types: truncated and non-nested
2) Two truncated forms (7 reps total) that allow finite approximation of 

(normalized) completely random measures [(N)CRMs]
3) Truncation approximation error analysis
4) One non-nested form for (N)CRMs 
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Outline
➡ Tractable priors in BNP

• Truncated approximations 

• Two forms for sequential representations 

• Truncation and error analysis 

• Non-nested approximations
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Poisson processes and (N)CRMs
How do we generate infinitely many trait/rate points           ?
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Poisson processes and (N)CRMs
How do we generate infinitely many trait/rate points           ?

Poisson process with intensity measure

[Kingman 93] 
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Poisson processes and (N)CRMs
How do we generate infinitely many trait/rate points           ?

Poisson process with intensity measure

[Kingman 93] 
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Poisson processes and (N)CRMs
How do we generate infinitely many trait/rate points           ?

completely random measure (CRM) 
(e.g. BP, 𝚪P) 

Poisson process with intensity measure

[Kingman 93] 

trait space

rate  
space 

⇥
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Poisson processes and (N)CRMs
How do we generate infinitely many trait/rate points           ?

completely random measure (CRM) 
(e.g. BP, 𝚪P) 

Normalize rates: normalized CRM 
(NCRM) (e.g. DP)

Poisson process with intensity measure

[Kingman 93] 
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Poisson processes and (N)CRMs
How do we generate infinitely many trait/rate points           ?

completely random measure (CRM) 
(e.g. BP, 𝚪P) 

Normalize rates: normalized CRM 
(NCRM) (e.g. DP)

Captures a large class of useful priors in BNP

Poisson process with intensity measure

[Kingman 93] 
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Poisson processes and (N)CRMs
How do we generate infinitely many trait/rate points           ?

completely random measure (CRM) 
(e.g. BP, 𝚪P) 

Normalize rates: normalized CRM 
(NCRM) (e.g. DP)

Captures a large class of useful priors in BNP
How do we approximate with finite number of atoms?

Poisson process with intensity measure

[Kingman 93] 
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<latexit sha1_base64="mooaAZvYEj1lDfxxQyRG7et7E0U=">AAACAnicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBD0GvXiMYB6QLGF2MpsdMzO7zMwKIeTm2at+gzfx6o/4Cf6Fs8keTGJBQ1HVTXdXkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2SmMeqE2BNOZO0aZjhtJMoikXAaTsY3WZ++4kqzWL5YMYJ9QUeShYygk0m9RLN+uWKW3VnQKvEy0kFcjT65Z/eICapoNIQjrXuem5i/AlWhhFOp6VeqmmCyQgPaddSiQXV/mR26xSdWWWAwljZkgbN1L8TEyy0HovAdgpsIr3sZeJ/Xjc14bU/YTJJDZVkvihMOTIxyh5HA6YoMXxsCSaK2VsRibDCxNh4FrY8RtGFYJrUpiWbjbecxCpp1aqeW/XuLyv1mzylIpzAKZyDB1dQhztoQBMIRPACr/DmPDvvzofzOW8tOPnMMSzA+foFTj6XkA==</latexit><latexit sha1_base64="mooaAZvYEj1lDfxxQyRG7et7E0U=">AAACAnicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBD0GvXiMYB6QLGF2MpsdMzO7zMwKIeTm2at+gzfx6o/4Cf6Fs8keTGJBQ1HVTXdXkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2SmMeqE2BNOZO0aZjhtJMoikXAaTsY3WZ++4kqzWL5YMYJ9QUeShYygk0m9RLN+uWKW3VnQKvEy0kFcjT65Z/eICapoNIQjrXuem5i/AlWhhFOp6VeqmmCyQgPaddSiQXV/mR26xSdWWWAwljZkgbN1L8TEyy0HovAdgpsIr3sZeJ/Xjc14bU/YTJJDZVkvihMOTIxyh5HA6YoMXxsCSaK2VsRibDCxNh4FrY8RtGFYJrUpiWbjbecxCpp1aqeW/XuLyv1mzylIpzAKZyDB1dQhztoQBMIRPACr/DmPDvvzofzOW8tOPnMMSzA+foFTj6XkA==</latexit><latexit sha1_base64="mooaAZvYEj1lDfxxQyRG7et7E0U=">AAACAnicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBD0GvXiMYB6QLGF2MpsdMzO7zMwKIeTm2at+gzfx6o/4Cf6Fs8keTGJBQ1HVTXdXkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2SmMeqE2BNOZO0aZjhtJMoikXAaTsY3WZ++4kqzWL5YMYJ9QUeShYygk0m9RLN+uWKW3VnQKvEy0kFcjT65Z/eICapoNIQjrXuem5i/AlWhhFOp6VeqmmCyQgPaddSiQXV/mR26xSdWWWAwljZkgbN1L8TEyy0HovAdgpsIr3sZeJ/Xjc14bU/YTJJDZVkvihMOTIxyh5HA6YoMXxsCSaK2VsRibDCxNh4FrY8RtGFYJrUpiWbjbecxCpp1aqeW/XuLyv1mzylIpzAKZyDB1dQhztoQBMIRPACr/DmPDvvzofzOW8tOPnMMSzA+foFTj6XkA==</latexit><latexit sha1_base64="mooaAZvYEj1lDfxxQyRG7et7E0U=">AAACAnicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBD0GvXiMYB6QLGF2MpsdMzO7zMwKIeTm2at+gzfx6o/4Cf6Fs8keTGJBQ1HVTXdXkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2SmMeqE2BNOZO0aZjhtJMoikXAaTsY3WZ++4kqzWL5YMYJ9QUeShYygk0m9RLN+uWKW3VnQKvEy0kFcjT65Z/eICapoNIQjrXuem5i/AlWhhFOp6VeqmmCyQgPaddSiQXV/mR26xSdWWWAwljZkgbN1L8TEyy0HovAdgpsIr3sZeJ/Xjc14bU/YTJJDZVkvihMOTIxyh5HA6YoMXxsCSaK2VsRibDCxNh4FrY8RtGFYJrUpiWbjbecxCpp1aqeW/XuLyv1mzylIpzAKZyDB1dQhztoQBMIRPACr/DmPDvvzofzOW8tOPnMMSzA+foFTj6XkA==</latexit>

✓
<latexit sha1_base64="XnLCs7PWYVgb0od3U6a7iJQEaIw=">AAACBHicbVDLSgNBEJz1GeMr6tHLYBC8GHaDoMegF48RzAOSJcxOZrOTzMwuM71CWHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuB8QwwRVrAAfB2olmRAaCtYLR3dRvPTFteKweYZwwX5KB4iGnBKzU7ELEgPRKZbfizoBXiZeTMspR75V+uv2YppIpoIIY0/HcBP yMaOBUsEmxmxqWEDoiA9axVBHJjJ/Nrp3gc6v0cRhrWwrwTP07kRFpzFgGtlMSiMyyNxX/8zophDd+xlWSAlN0vihMBYYYT1/Hfa4ZBTG2hFDN7a2YRkQTCjaghS3DKLqU3NDqpGiz8ZaTWCXNasVzK97DVbl2m6dUQKfoDF0gD12jGrpHddRAFA3RC3pFb86z8+58OJ/z1jUnnzlBC3C+fgHgSphu</latexit><latexit sha1_base64="XnLCs7PWYVgb0od3U6a7iJQEaIw=">AAACBHicbVDLSgNBEJz1GeMr6tHLYBC8GHaDoMegF48RzAOSJcxOZrOTzMwuM71CWHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuB8QwwRVrAAfB2olmRAaCtYLR3dRvPTFteKweYZwwX5KB4iGnBKzU7ELEgPRKZbfizoBXiZeTMspR75V+uv2YppIpoIIY0/HcBP yMaOBUsEmxmxqWEDoiA9axVBHJjJ/Nrp3gc6v0cRhrWwrwTP07kRFpzFgGtlMSiMyyNxX/8zophDd+xlWSAlN0vihMBYYYT1/Hfa4ZBTG2hFDN7a2YRkQTCjaghS3DKLqU3NDqpGiz8ZaTWCXNasVzK97DVbl2m6dUQKfoDF0gD12jGrpHddRAFA3RC3pFb86z8+58OJ/z1jUnnzlBC3C+fgHgSphu</latexit><latexit sha1_base64="XnLCs7PWYVgb0od3U6a7iJQEaIw=">AAACBHicbVDLSgNBEJz1GeMr6tHLYBC8GHaDoMegF48RzAOSJcxOZrOTzMwuM71CWHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuB8QwwRVrAAfB2olmRAaCtYLR3dRvPTFteKweYZwwX5KB4iGnBKzU7ELEgPRKZbfizoBXiZeTMspR75V+uv2YppIpoIIY0/HcBP yMaOBUsEmxmxqWEDoiA9axVBHJjJ/Nrp3gc6v0cRhrWwrwTP07kRFpzFgGtlMSiMyyNxX/8zophDd+xlWSAlN0vihMBYYYT1/Hfa4ZBTG2hFDN7a2YRkQTCjaghS3DKLqU3NDqpGiz8ZaTWCXNasVzK97DVbl2m6dUQKfoDF0gD12jGrpHddRAFA3RC3pFb86z8+58OJ/z1jUnnzlBC3C+fgHgSphu</latexit><latexit sha1_base64="XnLCs7PWYVgb0od3U6a7iJQEaIw=">AAACBHicbVDLSgNBEJz1GeMr6tHLYBC8GHaDoMegF48RzAOSJcxOZrOTzMwuM71CWHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuB8QwwRVrAAfB2olmRAaCtYLR3dRvPTFteKweYZwwX5KB4iGnBKzU7ELEgPRKZbfizoBXiZeTMspR75V+uv2YppIpoIIY0/HcBP yMaOBUsEmxmxqWEDoiA9axVBHJjJ/Nrp3gc6v0cRhrWwrwTP07kRFpzFgGtlMSiMyyNxX/8zophDd+xlWSAlN0vihMBYYYT1/Hfa4ZBTG2hFDN7a2YRkQTCjaghS3DKLqU3NDqpGiz8ZaTWCXNasVzK97DVbl2m6dUQKfoDF0gD12jGrpHddRAFA3RC3pFb86z8+58OJ/z1jUnnzlBC3C+fgHgSphu</latexit>



Finite approximation approaches



Ω

Finite approximation approaches

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>



Ω Ω

Finite approximation approaches

⇥K =
PK

k=1 ✓k� k
<latexit sha1_base64="wjIn6ySmfsJU3VJTUPYbSkJGB6o="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="v6w9gb6bt1vHLAcjKLbCQ1ZZQsk="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>



Ω Ω

Truncated finite approx.

Finite approximation approaches

⇥K =
PK

k=1 ✓k� k
<latexit sha1_base64="wjIn6ySmfsJU3VJTUPYbSkJGB6o="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="v6w9gb6bt1vHLAcjKLbCQ1ZZQsk="></latexit>

⇥K =
PK

k=1 ✓k� k
<latexit sha1_base64="wjIn6ySmfsJU3VJTUPYbSkJGB6o="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="v6w9gb6bt1vHLAcjKLbCQ1ZZQsk="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>



Ω Ω

Truncated finite approx. Non-nested finite approx.

Finite approximation approaches

⇥K =
PK

k=1 ✓K,k� k
<latexit sha1_base64="Ut3h6T4qEJ/GtTPRYopKboovt9c="></latexit><latexit sha1_base64="BT9wCcOtHzX6JsUzkbchMDaMH6Y="></latexit><latexit sha1_base64="BT9wCcOtHzX6JsUzkbchMDaMH6Y="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="Sr/ZPsfEvRLebBmtojC5gOsYevM="></latexit><latexit sha1_base64="Sr/ZPsfEvRLebBmtojC5gOsYevM="></latexit><latexit sha1_base64="+mLIIv6CFDdajXZSW/fLY78CUbg="></latexit><latexit sha1_base64="ac8kA4KhYXgjpA14PPF4D4/3PKw="></latexit><latexit sha1_base64="BT9wCcOtHzX6JsUzkbchMDaMH6Y="></latexit><latexit sha1_base64="BT9wCcOtHzX6JsUzkbchMDaMH6Y="></latexit><latexit sha1_base64="BT9wCcOtHzX6JsUzkbchMDaMH6Y="></latexit><latexit sha1_base64="BT9wCcOtHzX6JsUzkbchMDaMH6Y="></latexit><latexit sha1_base64="ac8kA4KhYXgjpA14PPF4D4/3PKw="></latexit>

⇥K =
PK

k=1 ✓k� k
<latexit sha1_base64="wjIn6ySmfsJU3VJTUPYbSkJGB6o="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="v6w9gb6bt1vHLAcjKLbCQ1ZZQsk="></latexit>

⇥K =
PK

k=1 ✓k� k
<latexit sha1_base64="wjIn6ySmfsJU3VJTUPYbSkJGB6o="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="v6w9gb6bt1vHLAcjKLbCQ1ZZQsk="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>
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Past work: finite 
approximations to BNP priors
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Incomplete general theory



Outline
• Tractable priors in BNP 

• Truncated approximations 

➡ Two forms for sequential representations

• Truncation and error analysis 

• Non-nested approximations



Ordering of (N)CRM atoms



Ordering of (N)CRM atoms
⇥ =

P1
k=1 ✓k� k

<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>



Ordering of (N)CRM atoms
⇥K =

PK
k=1 ✓k� k

<latexit sha1_base64="wjIn6ySmfsJU3VJTUPYbSkJGB6o="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="v6w9gb6bt1vHLAcjKLbCQ1ZZQsk="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>



2 forms for sequential representations

Ordering of (N)CRM atoms
⇥K =

PK
k=1 ✓k� k

<latexit sha1_base64="wjIn6ySmfsJU3VJTUPYbSkJGB6o="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="v6w9gb6bt1vHLAcjKLbCQ1ZZQsk="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>

⌫(d✓)H(d )
<latexit sha1_base64="btEw8AIkHo6nkcPQCajMhGrlYmM=">AAACHHicbVDLSgNBEOz1bXxFPephMAiKGHa96DHoJccIRoVsCLOTjjs6O7vM9Aoh5OKHiEev+g3exKvgJ/gXTh4HXwUNNVXd9HRFmZKWfP/Dm5icmp6ZnZsvLCwuLa8UV9fObZobgXWRqtRcRtyikhrrJEnhZWaQJ5HCi+jmZOBf3KKxMtVn1M2wmfArLTtScHJSq7gZ6nwnbCOykGIkvlsdvzIrd1vFkl/2h2B/STAmpcpWuPcAALVW8TNspyJPUJNQ3NpG4GfU7HFDUijsF8LcYsbFDb/ChqOaJ2ibveEVfbbtlDbrpMaVJjZUv0/0eGJtN4lcZ8Iptr+9gfif18ipc9TsSZ3lhFqMFnVyxShlg0hYWxoUpLqOcGGk+ysTMTdckAvux5brON5PpBUH/YLLJvidxF9yflAO/HJwGpQqxzDCHGzAFuxAAIdQgSrUoA4C7uARnuDZu/devFfvbdQ64Y1n1uEHvPcvuMyiJg==</latexit><latexit sha1_base64="PWy8LB3VqTO1X4JVoBBBTtelFd8=">AAACHHicbVC7SgNBFJ2Nrxhfq5ZaDAmCIobdNFoGbVJGMCpkQ5id3GRHZ2eXmbtCCGn8BmtrW/0GO7EV/AT/wsmj0OiBC2fOuZc794SpFAY979PJzc0vLC7llwsrq2vrG+7m1qVJMs2hwROZ6OuQGZBCQQMFSrhONbA4lHAV3p6N/Ks70EYk6gL7KbRi1lOiKzhDK7Xd3UBl+0EHgAYYAbKD2vSVGnHQdkte2RuD/iX+lJSqxeDw4bPar7fdr6CT8CwGhVwyY5q+l2JrwDQKLmFYCDIDKeO3rAdNSxWLwbQG4yuGdM8qHdpNtC2FdKz+nBiw2Jh+HNrOmGFkZr2R+J/XzLB70hoIlWYIik8WdTNJMaGjSGhHaOAo+5YwroX9K+UR04yjDe7XlpsoOoqF4ZVhwWbjzybxl1xWyr5X9s/9UvWUTJAnO6RI9olPjkmV1EidNAgn9+SJPJMX59F5dd6c90lrzpnObJNfcD6+AeVAo6w=</latexit><latexit sha1_base64="PWy8LB3VqTO1X4JVoBBBTtelFd8=">AAACHHicbVC7SgNBFJ2Nrxhfq5ZaDAmCIobdNFoGbVJGMCpkQ5id3GRHZ2eXmbtCCGn8BmtrW/0GO7EV/AT/wsmj0OiBC2fOuZc794SpFAY979PJzc0vLC7llwsrq2vrG+7m1qVJMs2hwROZ6OuQGZBCQQMFSrhONbA4lHAV3p6N/Ks70EYk6gL7KbRi1lOiKzhDK7Xd3UBl+0EHgAYYAbKD2vSVGnHQdkte2RuD/iX+lJSqxeDw4bPar7fdr6CT8CwGhVwyY5q+l2JrwDQKLmFYCDIDKeO3rAdNSxWLwbQG4yuGdM8qHdpNtC2FdKz+nBiw2Jh+HNrOmGFkZr2R+J/XzLB70hoIlWYIik8WdTNJMaGjSGhHaOAo+5YwroX9K+UR04yjDe7XlpsoOoqF4ZVhwWbjzybxl1xWyr5X9s/9UvWUTJAnO6RI9olPjkmV1EidNAgn9+SJPJMX59F5dd6c90lrzpnObJNfcD6+AeVAo6w=</latexit><latexit sha1_base64="/A2qTVFqBcZqYDJ4tHgLauN2nSI=">AAACHHicbVA9TwJBEN3zE/ELtdRiIzGBQnJno6XRhhITAROOkL1l8Fb29i67cyaE0PhDrG31N9gZWxN/gv/CBa4Q8CWTvH1vJrPzgkQKg6777Swtr6yurec28ptb2zu7hb39holTzaHOYxnru4AZkEJBHQVKuEs0sCiQ0Az612O/+QjaiFjd4iCBdsTulegJztBKncKRr9KS3wWgPoaArFzNXokR5U6h6FbcCegi8TJSJBlqncKP3415GoFCLpkxLc9NsD1kGgWXMMr7qYGE8T67h5alikVg2sPJFSN6YpUu7cXalkI6Uf9ODFlkzCAKbGfEMDTz3lj8z2ul2LtoD4VKUgTFp4t6qaQY03EktCs0cJQDSxjXwv6V8pBpxtEGN7PlIQxPI2H42Shvs/Hmk1gkjbOK51a8G694eZWllCOH5JiUiEfOySWpkhqpE06eyAt5JW/Os/PufDif09YlJ5s5IDNwvn4Bgv6gnQ==</latexit>
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�k
<latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit>



Series representation 
function of a homogenous  

Poisson point process 
(4 versions)

2 forms for sequential representations

Ordering of (N)CRM atoms

[Ferguson and Klass 1972, Bondesson 1982, Rosinski 2001]

Vk
i.i.d.⇠ g

<latexit sha1_base64="jcTEzBBEVigpjIxHb05onjcRbJ4="></latexit><latexit sha1_base64="bpgOWvhyb/d+91F9p4e9K1bGV6M="></latexit><latexit sha1_base64="bpgOWvhyb/d+91F9p4e9K1bGV6M="></latexit><latexit sha1_base64="h0c9LWel2bJEmUlu84hhXjhPfbQ="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>

⇥K =
PK

k=1 ✓k� k
<latexit sha1_base64="wjIn6ySmfsJU3VJTUPYbSkJGB6o="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="v6w9gb6bt1vHLAcjKLbCQ1ZZQsk="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>

⌫(d✓)H(d )
<latexit sha1_base64="btEw8AIkHo6nkcPQCajMhGrlYmM=">AAACHHicbVDLSgNBEOz1bXxFPephMAiKGHa96DHoJccIRoVsCLOTjjs6O7vM9Aoh5OKHiEev+g3exKvgJ/gXTh4HXwUNNVXd9HRFmZKWfP/Dm5icmp6ZnZsvLCwuLa8UV9fObZobgXWRqtRcRtyikhrrJEnhZWaQJ5HCi+jmZOBf3KKxMtVn1M2wmfArLTtScHJSq7gZ6nwnbCOykGIkvlsdvzIrd1vFkl/2h2B/STAmpcpWuPcAALVW8TNspyJPUJNQ3NpG4GfU7HFDUijsF8LcYsbFDb/ChqOaJ2ibveEVfbbtlDbrpMaVJjZUv0/0eGJtN4lcZ8Iptr+9gfif18ipc9TsSZ3lhFqMFnVyxShlg0hYWxoUpLqOcGGk+ysTMTdckAvux5brON5PpBUH/YLLJvidxF9yflAO/HJwGpQqxzDCHGzAFuxAAIdQgSrUoA4C7uARnuDZu/devFfvbdQ64Y1n1uEHvPcvuMyiJg==</latexit><latexit sha1_base64="PWy8LB3VqTO1X4JVoBBBTtelFd8=">AAACHHicbVC7SgNBFJ2Nrxhfq5ZaDAmCIobdNFoGbVJGMCpkQ5id3GRHZ2eXmbtCCGn8BmtrW/0GO7EV/AT/wsmj0OiBC2fOuZc794SpFAY979PJzc0vLC7llwsrq2vrG+7m1qVJMs2hwROZ6OuQGZBCQQMFSrhONbA4lHAV3p6N/Ks70EYk6gL7KbRi1lOiKzhDK7Xd3UBl+0EHgAYYAbKD2vSVGnHQdkte2RuD/iX+lJSqxeDw4bPar7fdr6CT8CwGhVwyY5q+l2JrwDQKLmFYCDIDKeO3rAdNSxWLwbQG4yuGdM8qHdpNtC2FdKz+nBiw2Jh+HNrOmGFkZr2R+J/XzLB70hoIlWYIik8WdTNJMaGjSGhHaOAo+5YwroX9K+UR04yjDe7XlpsoOoqF4ZVhwWbjzybxl1xWyr5X9s/9UvWUTJAnO6RI9olPjkmV1EidNAgn9+SJPJMX59F5dd6c90lrzpnObJNfcD6+AeVAo6w=</latexit><latexit sha1_base64="PWy8LB3VqTO1X4JVoBBBTtelFd8=">AAACHHicbVC7SgNBFJ2Nrxhfq5ZaDAmCIobdNFoGbVJGMCpkQ5id3GRHZ2eXmbtCCGn8BmtrW/0GO7EV/AT/wsmj0OiBC2fOuZc794SpFAY979PJzc0vLC7llwsrq2vrG+7m1qVJMs2hwROZ6OuQGZBCQQMFSrhONbA4lHAV3p6N/Ks70EYk6gL7KbRi1lOiKzhDK7Xd3UBl+0EHgAYYAbKD2vSVGnHQdkte2RuD/iX+lJSqxeDw4bPar7fdr6CT8CwGhVwyY5q+l2JrwDQKLmFYCDIDKeO3rAdNSxWLwbQG4yuGdM8qHdpNtC2FdKz+nBiw2Jh+HNrOmGFkZr2R+J/XzLB70hoIlWYIik8WdTNJMaGjSGhHaOAo+5YwroX9K+UR04yjDe7XlpsoOoqF4ZVhwWbjzybxl1xWyr5X9s/9UvWUTJAnO6RI9olPjkmV1EidNAgn9+SJPJMX59F5dd6c90lrzpnObJNfcD6+AeVAo6w=</latexit><latexit sha1_base64="/A2qTVFqBcZqYDJ4tHgLauN2nSI=">AAACHHicbVA9TwJBEN3zE/ELtdRiIzGBQnJno6XRhhITAROOkL1l8Fb29i67cyaE0PhDrG31N9gZWxN/gv/CBa4Q8CWTvH1vJrPzgkQKg6777Swtr6yurec28ptb2zu7hb39holTzaHOYxnru4AZkEJBHQVKuEs0sCiQ0Az612O/+QjaiFjd4iCBdsTulegJztBKncKRr9KS3wWgPoaArFzNXokR5U6h6FbcCegi8TJSJBlqncKP3415GoFCLpkxLc9NsD1kGgWXMMr7qYGE8T67h5alikVg2sPJFSN6YpUu7cXalkI6Uf9ODFlkzCAKbGfEMDTz3lj8z2ul2LtoD4VKUgTFp4t6qaQY03EktCs0cJQDSxjXwv6V8pBpxtEGN7PlIQxPI2H42Shvs/Hmk1gkjbOK51a8G694eZWllCOH5JiUiEfOySWpkhqpE06eyAt5JW/Os/PufDif09YlJ5s5IDNwvn4Bgv6gnQ==</latexit>

�k
<latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit>



Superposition representation 
infinite sum of CRMs,  

each with finite # of atoms 
(3 versions)

Series representation 
function of a homogenous  

Poisson point process 
(4 versions)

2 forms for sequential representations

Ordering of (N)CRM atoms

[Ferguson and Klass 1972, Bondesson 1982, Rosinski 2001]

Vk
i.i.d.⇠ g

<latexit sha1_base64="jcTEzBBEVigpjIxHb05onjcRbJ4="></latexit><latexit sha1_base64="bpgOWvhyb/d+91F9p4e9K1bGV6M="></latexit><latexit sha1_base64="bpgOWvhyb/d+91F9p4e9K1bGV6M="></latexit><latexit sha1_base64="h0c9LWel2bJEmUlu84hhXjhPfbQ="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>

[James 2014, Broderick et al 2017]

⇥K =
PK

k=1 ✓k� k
<latexit sha1_base64="wjIn6ySmfsJU3VJTUPYbSkJGB6o="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="v6w9gb6bt1vHLAcjKLbCQ1ZZQsk="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>

⌫(d✓)H(d )
<latexit sha1_base64="btEw8AIkHo6nkcPQCajMhGrlYmM=">AAACHHicbVDLSgNBEOz1bXxFPephMAiKGHa96DHoJccIRoVsCLOTjjs6O7vM9Aoh5OKHiEev+g3exKvgJ/gXTh4HXwUNNVXd9HRFmZKWfP/Dm5icmp6ZnZsvLCwuLa8UV9fObZobgXWRqtRcRtyikhrrJEnhZWaQJ5HCi+jmZOBf3KKxMtVn1M2wmfArLTtScHJSq7gZ6nwnbCOykGIkvlsdvzIrd1vFkl/2h2B/STAmpcpWuPcAALVW8TNspyJPUJNQ3NpG4GfU7HFDUijsF8LcYsbFDb/ChqOaJ2ibveEVfbbtlDbrpMaVJjZUv0/0eGJtN4lcZ8Iptr+9gfif18ipc9TsSZ3lhFqMFnVyxShlg0hYWxoUpLqOcGGk+ysTMTdckAvux5brON5PpBUH/YLLJvidxF9yflAO/HJwGpQqxzDCHGzAFuxAAIdQgSrUoA4C7uARnuDZu/devFfvbdQ64Y1n1uEHvPcvuMyiJg==</latexit><latexit sha1_base64="PWy8LB3VqTO1X4JVoBBBTtelFd8=">AAACHHicbVC7SgNBFJ2Nrxhfq5ZaDAmCIobdNFoGbVJGMCpkQ5id3GRHZ2eXmbtCCGn8BmtrW/0GO7EV/AT/wsmj0OiBC2fOuZc794SpFAY979PJzc0vLC7llwsrq2vrG+7m1qVJMs2hwROZ6OuQGZBCQQMFSrhONbA4lHAV3p6N/Ks70EYk6gL7KbRi1lOiKzhDK7Xd3UBl+0EHgAYYAbKD2vSVGnHQdkte2RuD/iX+lJSqxeDw4bPar7fdr6CT8CwGhVwyY5q+l2JrwDQKLmFYCDIDKeO3rAdNSxWLwbQG4yuGdM8qHdpNtC2FdKz+nBiw2Jh+HNrOmGFkZr2R+J/XzLB70hoIlWYIik8WdTNJMaGjSGhHaOAo+5YwroX9K+UR04yjDe7XlpsoOoqF4ZVhwWbjzybxl1xWyr5X9s/9UvWUTJAnO6RI9olPjkmV1EidNAgn9+SJPJMX59F5dd6c90lrzpnObJNfcD6+AeVAo6w=</latexit><latexit sha1_base64="PWy8LB3VqTO1X4JVoBBBTtelFd8=">AAACHHicbVC7SgNBFJ2Nrxhfq5ZaDAmCIobdNFoGbVJGMCpkQ5id3GRHZ2eXmbtCCGn8BmtrW/0GO7EV/AT/wsmj0OiBC2fOuZc794SpFAY979PJzc0vLC7llwsrq2vrG+7m1qVJMs2hwROZ6OuQGZBCQQMFSrhONbA4lHAV3p6N/Ks70EYk6gL7KbRi1lOiKzhDK7Xd3UBl+0EHgAYYAbKD2vSVGnHQdkte2RuD/iX+lJSqxeDw4bPar7fdr6CT8CwGhVwyY5q+l2JrwDQKLmFYCDIDKeO3rAdNSxWLwbQG4yuGdM8qHdpNtC2FdKz+nBiw2Jh+HNrOmGFkZr2R+J/XzLB70hoIlWYIik8WdTNJMaGjSGhHaOAo+5YwroX9K+UR04yjDe7XlpsoOoqF4ZVhwWbjzybxl1xWyr5X9s/9UvWUTJAnO6RI9olPjkmV1EidNAgn9+SJPJMX59F5dd6c90lrzpnObJNfcD6+AeVAo6w=</latexit><latexit sha1_base64="/A2qTVFqBcZqYDJ4tHgLauN2nSI=">AAACHHicbVA9TwJBEN3zE/ELtdRiIzGBQnJno6XRhhITAROOkL1l8Fb29i67cyaE0PhDrG31N9gZWxN/gv/CBa4Q8CWTvH1vJrPzgkQKg6777Swtr6yurec28ptb2zu7hb39holTzaHOYxnru4AZkEJBHQVKuEs0sCiQ0Az612O/+QjaiFjd4iCBdsTulegJztBKncKRr9KS3wWgPoaArFzNXokR5U6h6FbcCegi8TJSJBlqncKP3415GoFCLpkxLc9NsD1kGgWXMMr7qYGE8T67h5alikVg2sPJFSN6YpUu7cXalkI6Uf9ODFlkzCAKbGfEMDTz3lj8z2ul2LtoD4VKUgTFp4t6qaQY03EktCs0cJQDSxjXwv6V8pBpxtEGN7PlIQxPI2H42Shvs/Hmk1gkjbOK51a8G694eZWllCOH5JiUiEfOySWpkhqpE06eyAt5JW/Os/PufDif09YlJ5s5IDNwvn4Bgv6gnQ==</latexit>

�k
<latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit>



Superposition representation 
infinite sum of CRMs,  

each with finite # of atoms 
(3 versions)

Series representation 
function of a homogenous  

Poisson point process 
(4 versions)

2 forms for sequential representations

Ordering of (N)CRM atoms

[Ferguson and Klass 1972, Bondesson 1982, Rosinski 2001]

Vk
i.i.d.⇠ g

<latexit sha1_base64="jcTEzBBEVigpjIxHb05onjcRbJ4="></latexit><latexit sha1_base64="bpgOWvhyb/d+91F9p4e9K1bGV6M="></latexit><latexit sha1_base64="bpgOWvhyb/d+91F9p4e9K1bGV6M="></latexit><latexit sha1_base64="h0c9LWel2bJEmUlu84hhXjhPfbQ="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>

[James 2014, Broderick et al 2017]

⇥K =
PK

k=1 ✓k� k
<latexit sha1_base64="wjIn6ySmfsJU3VJTUPYbSkJGB6o="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="v6w9gb6bt1vHLAcjKLbCQ1ZZQsk="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>

⌫(d✓)H(d )
<latexit sha1_base64="btEw8AIkHo6nkcPQCajMhGrlYmM=">AAACHHicbVDLSgNBEOz1bXxFPephMAiKGHa96DHoJccIRoVsCLOTjjs6O7vM9Aoh5OKHiEev+g3exKvgJ/gXTh4HXwUNNVXd9HRFmZKWfP/Dm5icmp6ZnZsvLCwuLa8UV9fObZobgXWRqtRcRtyikhrrJEnhZWaQJ5HCi+jmZOBf3KKxMtVn1M2wmfArLTtScHJSq7gZ6nwnbCOykGIkvlsdvzIrd1vFkl/2h2B/STAmpcpWuPcAALVW8TNspyJPUJNQ3NpG4GfU7HFDUijsF8LcYsbFDb/ChqOaJ2ibveEVfbbtlDbrpMaVJjZUv0/0eGJtN4lcZ8Iptr+9gfif18ipc9TsSZ3lhFqMFnVyxShlg0hYWxoUpLqOcGGk+ysTMTdckAvux5brON5PpBUH/YLLJvidxF9yflAO/HJwGpQqxzDCHGzAFuxAAIdQgSrUoA4C7uARnuDZu/devFfvbdQ64Y1n1uEHvPcvuMyiJg==</latexit><latexit sha1_base64="PWy8LB3VqTO1X4JVoBBBTtelFd8=">AAACHHicbVC7SgNBFJ2Nrxhfq5ZaDAmCIobdNFoGbVJGMCpkQ5id3GRHZ2eXmbtCCGn8BmtrW/0GO7EV/AT/wsmj0OiBC2fOuZc794SpFAY979PJzc0vLC7llwsrq2vrG+7m1qVJMs2hwROZ6OuQGZBCQQMFSrhONbA4lHAV3p6N/Ks70EYk6gL7KbRi1lOiKzhDK7Xd3UBl+0EHgAYYAbKD2vSVGnHQdkte2RuD/iX+lJSqxeDw4bPar7fdr6CT8CwGhVwyY5q+l2JrwDQKLmFYCDIDKeO3rAdNSxWLwbQG4yuGdM8qHdpNtC2FdKz+nBiw2Jh+HNrOmGFkZr2R+J/XzLB70hoIlWYIik8WdTNJMaGjSGhHaOAo+5YwroX9K+UR04yjDe7XlpsoOoqF4ZVhwWbjzybxl1xWyr5X9s/9UvWUTJAnO6RI9olPjkmV1EidNAgn9+SJPJMX59F5dd6c90lrzpnObJNfcD6+AeVAo6w=</latexit><latexit sha1_base64="PWy8LB3VqTO1X4JVoBBBTtelFd8=">AAACHHicbVC7SgNBFJ2Nrxhfq5ZaDAmCIobdNFoGbVJGMCpkQ5id3GRHZ2eXmbtCCGn8BmtrW/0GO7EV/AT/wsmj0OiBC2fOuZc794SpFAY979PJzc0vLC7llwsrq2vrG+7m1qVJMs2hwROZ6OuQGZBCQQMFSrhONbA4lHAV3p6N/Ks70EYk6gL7KbRi1lOiKzhDK7Xd3UBl+0EHgAYYAbKD2vSVGnHQdkte2RuD/iX+lJSqxeDw4bPar7fdr6CT8CwGhVwyY5q+l2JrwDQKLmFYCDIDKeO3rAdNSxWLwbQG4yuGdM8qHdpNtC2FdKz+nBiw2Jh+HNrOmGFkZr2R+J/XzLB70hoIlWYIik8WdTNJMaGjSGhHaOAo+5YwroX9K+UR04yjDe7XlpsoOoqF4ZVhwWbjzybxl1xWyr5X9s/9UvWUTJAnO6RI9olPjkmV1EidNAgn9+SJPJMX59F5dd6c90lrzpnObJNfcD6+AeVAo6w=</latexit><latexit sha1_base64="/A2qTVFqBcZqYDJ4tHgLauN2nSI=">AAACHHicbVA9TwJBEN3zE/ELtdRiIzGBQnJno6XRhhITAROOkL1l8Fb29i67cyaE0PhDrG31N9gZWxN/gv/CBa4Q8CWTvH1vJrPzgkQKg6777Swtr6yurec28ptb2zu7hb39holTzaHOYxnru4AZkEJBHQVKuEs0sCiQ0Az612O/+QjaiFjd4iCBdsTulegJztBKncKRr9KS3wWgPoaArFzNXokR5U6h6FbcCegi8TJSJBlqncKP3415GoFCLpkxLc9NsD1kGgWXMMr7qYGE8T67h5alikVg2sPJFSN6YpUu7cXalkI6Uf9ODFlkzCAKbGfEMDTz3lj8z2ul2LtoD4VKUgTFp4t6qaQY03EktCs0cJQDSxjXwv6V8pBpxtEGN7PlIQxPI2H42Shvs/Hmk1gkjbOK51a8G694eZWllCOH5JiUiEfOySWpkhqpE06eyAt5JW/Os/PufDif09YlJ5s5IDNwvn4Bgv6gnQ==</latexit>

�k
<latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit>

+ + + ⋯
⇥(1)

<latexit sha1_base64="mATb5/fY3vCCSSt0oN/IHlzoF6E=">AAACCnicbVC7SgNBFL3rM8ZX1NJmMAhJYdhNo2XQxjJCXpAsYXYymx0zs7vMzAph2T+wttVvsBNbWz/AT/AD7J08CpN44MLhnHs5l+PFnClt21/W2vrG5tZ2bie/u7d/cFg4Om6pKJGENknEI9nxsKKchbSpmea0E0uKhcdp2xvdTPz2A5WKRWFDj2PqCjwMmc8I1kbq9RoB1biflpxy1i8U7Yo9BVolzpwUa+WfTwQA9X7huzeISCJoqAnHSnUdO9ZuiqVmhNMs30sUjTEZ4SHtGhpiQZWbTn/O0LlRBsiPpJlQo6n69yLFQqmx8MymwDpQy95E/M/rJtq/clMWxommIZkF+QlHOkKTAtCASUo0HxuCiWTmV0QCLDHRpqaFlPsguBBMkWqWN904y02skla14tgV584p1q5hhhycwhmUwIFLqMEt1KEJBGJ4gmd4sR6tV+vNep+trlnzmxNYgPXxC+HvnKs=</latexit><latexit sha1_base64="n/tGtZqgLUE96Aw3Vub2aqbG9FA=">AAACCnicbVC7SgNBFJ31GeMramkzGISkSNhNo2VQC8sIeUF2CbOT2eyYmdllZlYIS/7A2lZbWzuxtfUDBH/AD7B38ihM4oELh3Pu5VyOHzOqtG1/Wiura+sbm5mt7PbO7t5+7uCwqaJEYtLAEYtk20eKMCpIQ1PNSDuWBHGfkZY/uBz7rTsiFY1EXQ9j4nHUFzSgGGkjuW49JBp104JTHHVzebtsTwCXiTMj+Wrx56N09fVc6+a+3V6EE06Exgwp1XHsWHspkppiRkZZN1EkRniA+qRjqECcKC+d/DyCp0bpwSCSZoSGE/XvRYq4UkPum02OdKgWvbH4n9dJdHDupVTEiSYCT4OChEEdwXEBsEclwZoNDUFYUvMrxCGSCGtT01zKbRiWOFW4MsqabpzFJpZJs1J27LJz4+SrF2CKDDgGJ6AAHHAGquAa1EADYBCDB/AInqx768V6td6mqyvW7OYIzMF6/wV/756B</latexit><latexit sha1_base64="n/tGtZqgLUE96Aw3Vub2aqbG9FA=">AAACCnicbVC7SgNBFJ31GeMramkzGISkSNhNo2VQC8sIeUF2CbOT2eyYmdllZlYIS/7A2lZbWzuxtfUDBH/AD7B38ihM4oELh3Pu5VyOHzOqtG1/Wiura+sbm5mt7PbO7t5+7uCwqaJEYtLAEYtk20eKMCpIQ1PNSDuWBHGfkZY/uBz7rTsiFY1EXQ9j4nHUFzSgGGkjuW49JBp104JTHHVzebtsTwCXiTMj+Wrx56N09fVc6+a+3V6EE06Exgwp1XHsWHspkppiRkZZN1EkRniA+qRjqECcKC+d/DyCp0bpwSCSZoSGE/XvRYq4UkPum02OdKgWvbH4n9dJdHDupVTEiSYCT4OChEEdwXEBsEclwZoNDUFYUvMrxCGSCGtT01zKbRiWOFW4MsqabpzFJpZJs1J27LJz4+SrF2CKDDgGJ6AAHHAGquAa1EADYBCDB/AInqx768V6td6mqyvW7OYIzMF6/wV/756B</latexit><latexit sha1_base64="nqVgfTHif5oXfjMjgjtHYPgycfc=">AAACCnicbVDLSgMxFM3UV62vqks3wSLUhWXSjS6LblxW6AvaoWTSTCc2yQxJRijD/IFrt/oN7sStP+En+Bem7Sxs64ELh3Pu5VyOH3Omjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeq52NNOZO0bZjhtBcrioXPadef3M387hNVmkWyZaYx9QQeSxYwgo2VBoNWSA0eplV0mQ3LFbfmzgHXCcpJBeRoDss/g1FEEkGlIRxr3UdubLwUK8MIp1lpkGgaYzLBY9q3VGJBtZfOf87ghVVGMIiUHWngXP17kWKh9VT4dlNgE+pVbyb+5/UTE9x4KZNxYqgki6Ag4dBEcFYAHDFFieFTSzBRzP4KSYgVJsbWtJTyGIZXgmlSz0q2G7TaxDrp1GvIraEHVGnc5i0VwRk4B1WAwDVogHvQBG1AQAxewCt4c56dd+fD+VysFpz85hQswfn6BZQLmmA=</latexit>

⇥(2)
<latexit sha1_base64="6mhrT1m10ruvdbez4YkZwpd/G6c=">AAACCnicbVC7SgNBFL3rM8ZX1NJmMAhJYdhNo2XQxjJCXpAsYXYymx0zs7vMzAph2T+wttVvsBNbWz/AT/AD7J08CpN44MLhnHs5l+PFnClt21/W2vrG5tZ2bie/u7d/cFg4Om6pKJGENknEI9nxsKKchbSpmea0E0uKhcdp2xvdTPz2A5WKRWFDj2PqCjwMmc8I1kbq9RoB1biflqrlrF8o2hV7CrRKnDkp1so/nwgA6v3Cd28QkUTQUBOOleo6dqzdFEvNCKdZvpcoGmMywkPaNTTEgio3nf6coXOjDJAfSTOhRlP170WKhVJj4ZlNgXWglr2J+J/XTbR/5aYsjBNNQzIL8hOOdIQmBaABk5RoPjYEE8nMr4gEWGKiTU0LKfdBcCGYItUsb7pxlptYJa1qxbErzp1TrF3DDDk4hTMogQOXUINbqEMTCMTwBM/wYj1ar9ab9T5bXbPmNyewAOvjF+OMnKw=</latexit><latexit sha1_base64="wKwRWEu8QzZuu0bROsiwwaa2dQs=">AAACCnicbVC7SgNBFJ31GeMramkzGISkSNhNo2VQC8sIeUF2CbOT2eyYmdllZlYIS/7A2lZbWzuxtfUDBH/AD7B38ihM4oELh3Pu5VyOHzOqtG1/Wiura+sbm5mt7PbO7t5+7uCwqaJEYtLAEYtk20eKMCpIQ1PNSDuWBHGfkZY/uBz7rTsiFY1EXQ9j4nHUFzSgGGkjuW49JBp100KlOOrm8nbZngAuE2dG8tXiz0fp6uu51s19u70IJ5wIjRlSquPYsfZSJDXFjIyybqJIjPAA9UnHUIE4UV46+XkET43Sg0EkzQgNJ+rfixRxpYbcN5sc6VAtemPxP6+T6ODcS6mIE00EngYFCYM6guMCYI9KgjUbGoKwpOZXiEMkEdamprmU2zAscapwZZQ13TiLTSyTZqXs2GXnxslXL8AUGXAMTkABOOAMVME1qIEGwCAGD+ARPFn31ov1ar1NV1es2c0RmIP1/guBjJ6C</latexit><latexit sha1_base64="wKwRWEu8QzZuu0bROsiwwaa2dQs=">AAACCnicbVC7SgNBFJ31GeMramkzGISkSNhNo2VQC8sIeUF2CbOT2eyYmdllZlYIS/7A2lZbWzuxtfUDBH/AD7B38ihM4oELh3Pu5VyOHzOqtG1/Wiura+sbm5mt7PbO7t5+7uCwqaJEYtLAEYtk20eKMCpIQ1PNSDuWBHGfkZY/uBz7rTsiFY1EXQ9j4nHUFzSgGGkjuW49JBp100KlOOrm8nbZngAuE2dG8tXiz0fp6uu51s19u70IJ5wIjRlSquPYsfZSJDXFjIyybqJIjPAA9UnHUIE4UV46+XkET43Sg0EkzQgNJ+rfixRxpYbcN5sc6VAtemPxP6+T6ODcS6mIE00EngYFCYM6guMCYI9KgjUbGoKwpOZXiEMkEdamprmU2zAscapwZZQ13TiLTSyTZqXs2GXnxslXL8AUGXAMTkABOOAMVME1qIEGwCAGD+ARPFn31ov1ar1NV1es2c0RmIP1/guBjJ6C</latexit><latexit sha1_base64="x0DrHXEqsrxP6tvW9w4iQxt98QE=">AAACCnicbVDLSsNAFJ3UV62vqks3wSLUhSXpRpdFNy4r9AVtKJPppBk7MwkzN0IJ+QPXbvUb3Ilbf8JP8C+ctlnY1gMXDufcy7kcP+ZMg+N8W4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeq52NNOZO0DQw47cWKYuFz2vUndzO/+0SVZpFswTSmnsBjyQJGMBhpMGiFFPAwrdYvs2G54tScOex14uakgnI0h+WfwSgiiaASCMda910nBi/FChjhNCsNEk1jTCZ4TPuGSiyo9tL5z5l9YZSRHUTKjAR7rv69SLHQeip8sykwhHrVm4n/ef0EghsvZTJOgEqyCAoSbkNkzwqwR0xRAnxqCCaKmV9tEmKFCZiallIew/BKME3qWcl04642sU469Zrr1NwHt9K4zVsqojN0jqrIRdeoge5RE7URQTF6Qa/ozXq23q0P63OxWrDym1O0BOvrF5WommE=</latexit>

⇥(3)
<latexit sha1_base64="V8AA2Gpm36trVVmFNBHxQixwD6Y=">AAACCnicbVC7SgNBFL0bXzG+opY2g0FICsNuLLQM2lhGyAuyS5idzGbHzD6YmRXCsn9gbavfYCe2tn6An+AH2Dt5FCbxwIXDOfdyLseNOZPKNL+M3Nr6xuZWfruws7u3f1A8PGrLKBGEtkjEI9F1saSchbSlmOK0GwuKA5fTjju6mfidByoki8KmGsfUCfAwZB4jWGnJtps+Vbifli8qWb9YMqvmFGiVWHNSqld+PhEANPrFb3sQkSSgoSIcS9mzzFg5KRaKEU6zgp1IGmMywkPa0zTEAZVOOv05Q2daGSAvEnpChabq34sUB1KOA1dvBlj5ctmbiP95vUR5V07KwjhRNCSzIC/hSEVoUgAaMEGJ4mNNMBFM/4qIjwUmSte0kHLv++cBk6SWFXQ31nITq6Rdq1pm1bqzSvVrmCEPJ3AKZbDgEupwCw1oAYEYnuAZXoxH49V4M95nqzljfnMMCzA+fgHlKZyt</latexit><latexit sha1_base64="H1OcoL4RkARmaljUiz3inV6SFqs=">AAACCnicbVC7SgNBFJ2NrxhfUUubxSAkRcJuLLQMamEZIS/ILmF2MpsdMzO7zMwKYdk/sLbV1tZObG39AMEf8APsnTwKk3jgwuGcezmX40WUSGVZn0ZmZXVtfSO7mdva3tndy+8ftGQYC4SbKKSh6HhQYko4biqiKO5EAkPmUdz2hpdjv32HhSQhb6hRhF0GB5z4BEGlJcdpBFjBXlI8LaW9fMGqWBOYy8SekUKt9PNRvvp6rvfy304/RDHDXCEKpezaVqTcBApFEMVpzokljiAawgHuasohw9JNJj+n5olW+qYfCj1cmRP170UCmZQj5ulNBlUgF72x+J/XjZV/7iaER7HCHE2D/JiaKjTHBZh9IjBSdKQJRILoX00UQAGR0jXNpdwGQZkRiappTndjLzaxTFrVim1V7Bu7ULsAU2TBETgGRWCDM1AD16AOmgCBCDyAR/Bk3BsvxqvxNl3NGLObQzAH4/0Xgymegw==</latexit><latexit sha1_base64="H1OcoL4RkARmaljUiz3inV6SFqs=">AAACCnicbVC7SgNBFJ2NrxhfUUubxSAkRcJuLLQMamEZIS/ILmF2MpsdMzO7zMwKYdk/sLbV1tZObG39AMEf8APsnTwKk3jgwuGcezmX40WUSGVZn0ZmZXVtfSO7mdva3tndy+8ftGQYC4SbKKSh6HhQYko4biqiKO5EAkPmUdz2hpdjv32HhSQhb6hRhF0GB5z4BEGlJcdpBFjBXlI8LaW9fMGqWBOYy8SekUKt9PNRvvp6rvfy304/RDHDXCEKpezaVqTcBApFEMVpzokljiAawgHuasohw9JNJj+n5olW+qYfCj1cmRP170UCmZQj5ulNBlUgF72x+J/XjZV/7iaER7HCHE2D/JiaKjTHBZh9IjBSdKQJRILoX00UQAGR0jXNpdwGQZkRiappTndjLzaxTFrVim1V7Bu7ULsAU2TBETgGRWCDM1AD16AOmgCBCDyAR/Bk3BsvxqvxNl3NGLObQzAH4/0Xgymegw==</latexit><latexit sha1_base64="ncbUj9AVNI8cW0fcfrRbFWHfmSw=">AAACCnicbVDLSsNAFJ34rPVVdelmsAh1YUnqQpdFNy4r9AVNKJPpbTN2MgkzE6GE/IFrt/oN7sStP+En+BdO2yxs64ELh3Pu5VyOH3OmtG1/W2vrG5tb24Wd4u7e/sFh6ei4raJEUmjRiEey6xMFnAloaaY5dGMJJPQ5dPzx3dTvPIFULBJNPYnBC8lIsCGjRBvJdZsBaNJPK1cXWb9Utqv2DHiVODkpoxyNfunHHUQ0CUFoyolSPceOtZcSqRnlkBXdREFM6JiMoGeoICEoL539nOFzowzwMJJmhMYz9e9FSkKlJqFvNkOiA7XsTcX/vF6ihzdeykScaBB0HjRMONYRnhaAB0wC1XxiCKGSmV8xDYgkVJuaFlIeg+AyZIrWsqLpxlluYpW0a1XHrjoPTrl+m7dUQKfoDFWQg65RHd2jBmohimL0gl7Rm/VsvVsf1ud8dc3Kb07QAqyvX5dFmmI=</latexit>



Superposition representation 
infinite sum of CRMs,  

each with finite # of atoms 
(3 versions)

Series representation 
function of a homogenous  

Poisson point process 
(4 versions)

2 forms for sequential representations

Ordering of (N)CRM atoms

[Ferguson and Klass 1972, Bondesson 1982, Rosinski 2001]

Vk
i.i.d.⇠ g

<latexit sha1_base64="jcTEzBBEVigpjIxHb05onjcRbJ4="></latexit><latexit sha1_base64="bpgOWvhyb/d+91F9p4e9K1bGV6M="></latexit><latexit sha1_base64="bpgOWvhyb/d+91F9p4e9K1bGV6M="></latexit><latexit sha1_base64="h0c9LWel2bJEmUlu84hhXjhPfbQ="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>

[James 2014, Broderick et al 2017]

⇥K =
PK

k=1 ✓k� k
<latexit sha1_base64="wjIn6ySmfsJU3VJTUPYbSkJGB6o="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="v6w9gb6bt1vHLAcjKLbCQ1ZZQsk="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>

⌫(d✓)H(d )
<latexit sha1_base64="btEw8AIkHo6nkcPQCajMhGrlYmM=">AAACHHicbVDLSgNBEOz1bXxFPephMAiKGHa96DHoJccIRoVsCLOTjjs6O7vM9Aoh5OKHiEev+g3exKvgJ/gXTh4HXwUNNVXd9HRFmZKWfP/Dm5icmp6ZnZsvLCwuLa8UV9fObZobgXWRqtRcRtyikhrrJEnhZWaQJ5HCi+jmZOBf3KKxMtVn1M2wmfArLTtScHJSq7gZ6nwnbCOykGIkvlsdvzIrd1vFkl/2h2B/STAmpcpWuPcAALVW8TNspyJPUJNQ3NpG4GfU7HFDUijsF8LcYsbFDb/ChqOaJ2ibveEVfbbtlDbrpMaVJjZUv0/0eGJtN4lcZ8Iptr+9gfif18ipc9TsSZ3lhFqMFnVyxShlg0hYWxoUpLqOcGGk+ysTMTdckAvux5brON5PpBUH/YLLJvidxF9yflAO/HJwGpQqxzDCHGzAFuxAAIdQgSrUoA4C7uARnuDZu/devFfvbdQ64Y1n1uEHvPcvuMyiJg==</latexit><latexit sha1_base64="PWy8LB3VqTO1X4JVoBBBTtelFd8=">AAACHHicbVC7SgNBFJ2Nrxhfq5ZaDAmCIobdNFoGbVJGMCpkQ5id3GRHZ2eXmbtCCGn8BmtrW/0GO7EV/AT/wsmj0OiBC2fOuZc794SpFAY979PJzc0vLC7llwsrq2vrG+7m1qVJMs2hwROZ6OuQGZBCQQMFSrhONbA4lHAV3p6N/Ks70EYk6gL7KbRi1lOiKzhDK7Xd3UBl+0EHgAYYAbKD2vSVGnHQdkte2RuD/iX+lJSqxeDw4bPar7fdr6CT8CwGhVwyY5q+l2JrwDQKLmFYCDIDKeO3rAdNSxWLwbQG4yuGdM8qHdpNtC2FdKz+nBiw2Jh+HNrOmGFkZr2R+J/XzLB70hoIlWYIik8WdTNJMaGjSGhHaOAo+5YwroX9K+UR04yjDe7XlpsoOoqF4ZVhwWbjzybxl1xWyr5X9s/9UvWUTJAnO6RI9olPjkmV1EidNAgn9+SJPJMX59F5dd6c90lrzpnObJNfcD6+AeVAo6w=</latexit><latexit sha1_base64="PWy8LB3VqTO1X4JVoBBBTtelFd8=">AAACHHicbVC7SgNBFJ2Nrxhfq5ZaDAmCIobdNFoGbVJGMCpkQ5id3GRHZ2eXmbtCCGn8BmtrW/0GO7EV/AT/wsmj0OiBC2fOuZc794SpFAY979PJzc0vLC7llwsrq2vrG+7m1qVJMs2hwROZ6OuQGZBCQQMFSrhONbA4lHAV3p6N/Ks70EYk6gL7KbRi1lOiKzhDK7Xd3UBl+0EHgAYYAbKD2vSVGnHQdkte2RuD/iX+lJSqxeDw4bPar7fdr6CT8CwGhVwyY5q+l2JrwDQKLmFYCDIDKeO3rAdNSxWLwbQG4yuGdM8qHdpNtC2FdKz+nBiw2Jh+HNrOmGFkZr2R+J/XzLB70hoIlWYIik8WdTNJMaGjSGhHaOAo+5YwroX9K+UR04yjDe7XlpsoOoqF4ZVhwWbjzybxl1xWyr5X9s/9UvWUTJAnO6RI9olPjkmV1EidNAgn9+SJPJMX59F5dd6c90lrzpnObJNfcD6+AeVAo6w=</latexit><latexit sha1_base64="/A2qTVFqBcZqYDJ4tHgLauN2nSI=">AAACHHicbVA9TwJBEN3zE/ELtdRiIzGBQnJno6XRhhITAROOkL1l8Fb29i67cyaE0PhDrG31N9gZWxN/gv/CBa4Q8CWTvH1vJrPzgkQKg6777Swtr6yurec28ptb2zu7hb39holTzaHOYxnru4AZkEJBHQVKuEs0sCiQ0Az612O/+QjaiFjd4iCBdsTulegJztBKncKRr9KS3wWgPoaArFzNXokR5U6h6FbcCegi8TJSJBlqncKP3415GoFCLpkxLc9NsD1kGgWXMMr7qYGE8T67h5alikVg2sPJFSN6YpUu7cXalkI6Uf9ODFlkzCAKbGfEMDTz3lj8z2ul2LtoD4VKUgTFp4t6qaQY03EktCs0cJQDSxjXwv6V8pBpxtEGN7PlIQxPI2H42Shvs/Hmk1gkjbOK51a8G694eZWllCOH5JiUiEfOySWpkhqpE06eyAt5JW/Os/PufDif09YlJ5s5IDNwvn4Bgv6gnQ==</latexit>

�k
<latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit><latexit sha1_base64="qoGHmKy1w41iZRgfwVDP8uDjlxs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DHvQYwTwgWcLsZDY7ZmZ2mZkVwpK7Z6/6Dd7Eq7/hJ/gXTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rSeqNIvlgxkl1Bd4IFnICDZWandvsRC4N+yVK27VnQItEy8nFchR75V/uv2YpIJKQzjWuuO5ifEzrAwjnI5L3VTTBJMhHtCOpRILqv1seu8YnVilj8JY2ZIGTdW/ExkWWo9EYDsFNpFe9Cbif14nNeGVnzGZpIZKMlsUphyZGE2eR32mKDF8ZAkmitlbEYmwwsTYiOa2PEbRmWCanI9LNhtvMYll0jyvem7Vu7+o1K7zlIpwBMdwCh5cQg3uoA4NIMDhBV7hzXl23p0P53PWWnDymUOYg/P1CyD+mRk=</latexit>

⇥ =
P1

k=1 ⇥(k)
<latexit sha1_base64="vsUd2KXK7xiMXpl0KfoMinXmiCw="></latexit><latexit sha1_base64="EfonM/k3mTdMHwQZtOMFSiUPaa8="></latexit><latexit sha1_base64="EfonM/k3mTdMHwQZtOMFSiUPaa8="></latexit><latexit sha1_base64="cc8GUeyyMd5Jk3UF6a/3VwH5hbU="></latexit>

+ + + ⋯
⇥(1)

<latexit sha1_base64="mATb5/fY3vCCSSt0oN/IHlzoF6E=">AAACCnicbVC7SgNBFL3rM8ZX1NJmMAhJYdhNo2XQxjJCXpAsYXYymx0zs7vMzAph2T+wttVvsBNbWz/AT/AD7J08CpN44MLhnHs5l+PFnClt21/W2vrG5tZ2bie/u7d/cFg4Om6pKJGENknEI9nxsKKchbSpmea0E0uKhcdp2xvdTPz2A5WKRWFDj2PqCjwMmc8I1kbq9RoB1biflpxy1i8U7Yo9BVolzpwUa+WfTwQA9X7huzeISCJoqAnHSnUdO9ZuiqVmhNMs30sUjTEZ4SHtGhpiQZWbTn/O0LlRBsiPpJlQo6n69yLFQqmx8MymwDpQy95E/M/rJtq/clMWxommIZkF+QlHOkKTAtCASUo0HxuCiWTmV0QCLDHRpqaFlPsguBBMkWqWN904y02skla14tgV584p1q5hhhycwhmUwIFLqMEt1KEJBGJ4gmd4sR6tV+vNep+trlnzmxNYgPXxC+HvnKs=</latexit><latexit sha1_base64="n/tGtZqgLUE96Aw3Vub2aqbG9FA=">AAACCnicbVC7SgNBFJ31GeMramkzGISkSNhNo2VQC8sIeUF2CbOT2eyYmdllZlYIS/7A2lZbWzuxtfUDBH/AD7B38ihM4oELh3Pu5VyOHzOqtG1/Wiura+sbm5mt7PbO7t5+7uCwqaJEYtLAEYtk20eKMCpIQ1PNSDuWBHGfkZY/uBz7rTsiFY1EXQ9j4nHUFzSgGGkjuW49JBp104JTHHVzebtsTwCXiTMj+Wrx56N09fVc6+a+3V6EE06Exgwp1XHsWHspkppiRkZZN1EkRniA+qRjqECcKC+d/DyCp0bpwSCSZoSGE/XvRYq4UkPum02OdKgWvbH4n9dJdHDupVTEiSYCT4OChEEdwXEBsEclwZoNDUFYUvMrxCGSCGtT01zKbRiWOFW4MsqabpzFJpZJs1J27LJz4+SrF2CKDDgGJ6AAHHAGquAa1EADYBCDB/AInqx768V6td6mqyvW7OYIzMF6/wV/756B</latexit><latexit sha1_base64="n/tGtZqgLUE96Aw3Vub2aqbG9FA=">AAACCnicbVC7SgNBFJ31GeMramkzGISkSNhNo2VQC8sIeUF2CbOT2eyYmdllZlYIS/7A2lZbWzuxtfUDBH/AD7B38ihM4oELh3Pu5VyOHzOqtG1/Wiura+sbm5mt7PbO7t5+7uCwqaJEYtLAEYtk20eKMCpIQ1PNSDuWBHGfkZY/uBz7rTsiFY1EXQ9j4nHUFzSgGGkjuW49JBp104JTHHVzebtsTwCXiTMj+Wrx56N09fVc6+a+3V6EE06Exgwp1XHsWHspkppiRkZZN1EkRniA+qRjqECcKC+d/DyCp0bpwSCSZoSGE/XvRYq4UkPum02OdKgWvbH4n9dJdHDupVTEiSYCT4OChEEdwXEBsEclwZoNDUFYUvMrxCGSCGtT01zKbRiWOFW4MsqabpzFJpZJs1J27LJz4+SrF2CKDDgGJ6AAHHAGquAa1EADYBCDB/AInqx768V6td6mqyvW7OYIzMF6/wV/756B</latexit><latexit sha1_base64="nqVgfTHif5oXfjMjgjtHYPgycfc=">AAACCnicbVDLSgMxFM3UV62vqks3wSLUhWXSjS6LblxW6AvaoWTSTCc2yQxJRijD/IFrt/oN7sStP+En+Bem7Sxs64ELh3Pu5VyOH3Omjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeq52NNOZO0bZjhtBcrioXPadef3M387hNVmkWyZaYx9QQeSxYwgo2VBoNWSA0eplV0mQ3LFbfmzgHXCcpJBeRoDss/g1FEEkGlIRxr3UdubLwUK8MIp1lpkGgaYzLBY9q3VGJBtZfOf87ghVVGMIiUHWngXP17kWKh9VT4dlNgE+pVbyb+5/UTE9x4KZNxYqgki6Ag4dBEcFYAHDFFieFTSzBRzP4KSYgVJsbWtJTyGIZXgmlSz0q2G7TaxDrp1GvIraEHVGnc5i0VwRk4B1WAwDVogHvQBG1AQAxewCt4c56dd+fD+VysFpz85hQswfn6BZQLmmA=</latexit>

⇥(2)
<latexit sha1_base64="6mhrT1m10ruvdbez4YkZwpd/G6c=">AAACCnicbVC7SgNBFL3rM8ZX1NJmMAhJYdhNo2XQxjJCXpAsYXYymx0zs7vMzAph2T+wttVvsBNbWz/AT/AD7J08CpN44MLhnHs5l+PFnClt21/W2vrG5tZ2bie/u7d/cFg4Om6pKJGENknEI9nxsKKchbSpmea0E0uKhcdp2xvdTPz2A5WKRWFDj2PqCjwMmc8I1kbq9RoB1biflqrlrF8o2hV7CrRKnDkp1so/nwgA6v3Cd28QkUTQUBOOleo6dqzdFEvNCKdZvpcoGmMywkPaNTTEgio3nf6coXOjDJAfSTOhRlP170WKhVJj4ZlNgXWglr2J+J/XTbR/5aYsjBNNQzIL8hOOdIQmBaABk5RoPjYEE8nMr4gEWGKiTU0LKfdBcCGYItUsb7pxlptYJa1qxbErzp1TrF3DDDk4hTMogQOXUINbqEMTCMTwBM/wYj1ar9ab9T5bXbPmNyewAOvjF+OMnKw=</latexit><latexit sha1_base64="wKwRWEu8QzZuu0bROsiwwaa2dQs=">AAACCnicbVC7SgNBFJ31GeMramkzGISkSNhNo2VQC8sIeUF2CbOT2eyYmdllZlYIS/7A2lZbWzuxtfUDBH/AD7B38ihM4oELh3Pu5VyOHzOqtG1/Wiura+sbm5mt7PbO7t5+7uCwqaJEYtLAEYtk20eKMCpIQ1PNSDuWBHGfkZY/uBz7rTsiFY1EXQ9j4nHUFzSgGGkjuW49JBp100KlOOrm8nbZngAuE2dG8tXiz0fp6uu51s19u70IJ5wIjRlSquPYsfZSJDXFjIyybqJIjPAA9UnHUIE4UV46+XkET43Sg0EkzQgNJ+rfixRxpYbcN5sc6VAtemPxP6+T6ODcS6mIE00EngYFCYM6guMCYI9KgjUbGoKwpOZXiEMkEdamprmU2zAscapwZZQ13TiLTSyTZqXs2GXnxslXL8AUGXAMTkABOOAMVME1qIEGwCAGD+ARPFn31ov1ar1NV1es2c0RmIP1/guBjJ6C</latexit><latexit sha1_base64="wKwRWEu8QzZuu0bROsiwwaa2dQs=">AAACCnicbVC7SgNBFJ31GeMramkzGISkSNhNo2VQC8sIeUF2CbOT2eyYmdllZlYIS/7A2lZbWzuxtfUDBH/AD7B38ihM4oELh3Pu5VyOHzOqtG1/Wiura+sbm5mt7PbO7t5+7uCwqaJEYtLAEYtk20eKMCpIQ1PNSDuWBHGfkZY/uBz7rTsiFY1EXQ9j4nHUFzSgGGkjuW49JBp100KlOOrm8nbZngAuE2dG8tXiz0fp6uu51s19u70IJ5wIjRlSquPYsfZSJDXFjIyybqJIjPAA9UnHUIE4UV46+XkET43Sg0EkzQgNJ+rfixRxpYbcN5sc6VAtemPxP6+T6ODcS6mIE00EngYFCYM6guMCYI9KgjUbGoKwpOZXiEMkEdamprmU2zAscapwZZQ13TiLTSyTZqXs2GXnxslXL8AUGXAMTkABOOAMVME1qIEGwCAGD+ARPFn31ov1ar1NV1es2c0RmIP1/guBjJ6C</latexit><latexit sha1_base64="x0DrHXEqsrxP6tvW9w4iQxt98QE=">AAACCnicbVDLSsNAFJ3UV62vqks3wSLUhSXpRpdFNy4r9AVtKJPppBk7MwkzN0IJ+QPXbvUb3Ilbf8JP8C+ctlnY1gMXDufcy7kcP+ZMg+N8W4WNza3tneJuaW//4PCofHzS0VGiCG2TiEeq52NNOZO0DQw47cWKYuFz2vUndzO/+0SVZpFswTSmnsBjyQJGMBhpMGiFFPAwrdYvs2G54tScOex14uakgnI0h+WfwSgiiaASCMda910nBi/FChjhNCsNEk1jTCZ4TPuGSiyo9tL5z5l9YZSRHUTKjAR7rv69SLHQeip8sykwhHrVm4n/ef0EghsvZTJOgEqyCAoSbkNkzwqwR0xRAnxqCCaKmV9tEmKFCZiallIew/BKME3qWcl04642sU469Zrr1NwHt9K4zVsqojN0jqrIRdeoge5RE7URQTF6Qa/ozXq23q0P63OxWrDym1O0BOvrF5WommE=</latexit>

⇥(3)
<latexit sha1_base64="V8AA2Gpm36trVVmFNBHxQixwD6Y=">AAACCnicbVC7SgNBFL0bXzG+opY2g0FICsNuLLQM2lhGyAuyS5idzGbHzD6YmRXCsn9gbavfYCe2tn6An+AH2Dt5FCbxwIXDOfdyLseNOZPKNL+M3Nr6xuZWfruws7u3f1A8PGrLKBGEtkjEI9F1saSchbSlmOK0GwuKA5fTjju6mfidByoki8KmGsfUCfAwZB4jWGnJtps+Vbifli8qWb9YMqvmFGiVWHNSqld+PhEANPrFb3sQkSSgoSIcS9mzzFg5KRaKEU6zgp1IGmMywkPa0zTEAZVOOv05Q2daGSAvEnpChabq34sUB1KOA1dvBlj5ctmbiP95vUR5V07KwjhRNCSzIC/hSEVoUgAaMEGJ4mNNMBFM/4qIjwUmSte0kHLv++cBk6SWFXQ31nITq6Rdq1pm1bqzSvVrmCEPJ3AKZbDgEupwCw1oAYEYnuAZXoxH49V4M95nqzljfnMMCzA+fgHlKZyt</latexit><latexit sha1_base64="H1OcoL4RkARmaljUiz3inV6SFqs=">AAACCnicbVC7SgNBFJ2NrxhfUUubxSAkRcJuLLQMamEZIS/ILmF2MpsdMzO7zMwKYdk/sLbV1tZObG39AMEf8APsnTwKk3jgwuGcezmX40WUSGVZn0ZmZXVtfSO7mdva3tndy+8ftGQYC4SbKKSh6HhQYko4biqiKO5EAkPmUdz2hpdjv32HhSQhb6hRhF0GB5z4BEGlJcdpBFjBXlI8LaW9fMGqWBOYy8SekUKt9PNRvvp6rvfy304/RDHDXCEKpezaVqTcBApFEMVpzokljiAawgHuasohw9JNJj+n5olW+qYfCj1cmRP170UCmZQj5ulNBlUgF72x+J/XjZV/7iaER7HCHE2D/JiaKjTHBZh9IjBSdKQJRILoX00UQAGR0jXNpdwGQZkRiappTndjLzaxTFrVim1V7Bu7ULsAU2TBETgGRWCDM1AD16AOmgCBCDyAR/Bk3BsvxqvxNl3NGLObQzAH4/0Xgymegw==</latexit><latexit sha1_base64="H1OcoL4RkARmaljUiz3inV6SFqs=">AAACCnicbVC7SgNBFJ2NrxhfUUubxSAkRcJuLLQMamEZIS/ILmF2MpsdMzO7zMwKYdk/sLbV1tZObG39AMEf8APsnTwKk3jgwuGcezmX40WUSGVZn0ZmZXVtfSO7mdva3tndy+8ftGQYC4SbKKSh6HhQYko4biqiKO5EAkPmUdz2hpdjv32HhSQhb6hRhF0GB5z4BEGlJcdpBFjBXlI8LaW9fMGqWBOYy8SekUKt9PNRvvp6rvfy304/RDHDXCEKpezaVqTcBApFEMVpzokljiAawgHuasohw9JNJj+n5olW+qYfCj1cmRP170UCmZQj5ulNBlUgF72x+J/XjZV/7iaER7HCHE2D/JiaKjTHBZh9IjBSdKQJRILoX00UQAGR0jXNpdwGQZkRiappTndjLzaxTFrVim1V7Bu7ULsAU2TBETgGRWCDM1AD16AOmgCBCDyAR/Bk3BsvxqvxNl3NGLObQzAH4/0Xgymegw==</latexit><latexit sha1_base64="ncbUj9AVNI8cW0fcfrRbFWHfmSw=">AAACCnicbVDLSsNAFJ34rPVVdelmsAh1YUnqQpdFNy4r9AVNKJPpbTN2MgkzE6GE/IFrt/oN7sStP+En+BdO2yxs64ELh3Pu5VyOH3OmtG1/W2vrG5tb24Wd4u7e/sFh6ei4raJEUmjRiEey6xMFnAloaaY5dGMJJPQ5dPzx3dTvPIFULBJNPYnBC8lIsCGjRBvJdZsBaNJPK1cXWb9Utqv2DHiVODkpoxyNfunHHUQ0CUFoyolSPceOtZcSqRnlkBXdREFM6JiMoGeoICEoL539nOFzowzwMJJmhMYz9e9FSkKlJqFvNkOiA7XsTcX/vF6ihzdeykScaBB0HjRMONYRnhaAB0wC1XxiCKGSmV8xDYgkVJuaFlIeg+AyZIrWsqLpxlluYpW0a1XHrjoPTrl+m7dUQKfoDFWQg65RHd2jBmohimL0gl7Rm/VsvVsf1ud8dc3Kb07QAqyvX5dFmmI=</latexit>



Series representation 
function of a homogenous  

Poisson point process 
(4 versions)

Ordering of (N)CRM atoms

Theorem (H., Campbell, How, Broderick). 
Can generate (N)CRMs using all 7 sequential 
representations 

⇥K =
PK

k=1 ✓k� k
<latexit sha1_base64="wjIn6ySmfsJU3VJTUPYbSkJGB6o="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="9m/xSNo+P+tj3DfSgwppdKIHimE="></latexit><latexit sha1_base64="v6w9gb6bt1vHLAcjKLbCQ1ZZQsk="></latexit>

⇥ =
P1

k=1 ✓k� k
<latexit sha1_base64="rBStTY2vcGAB+ctQB2Tc2GbuGAY="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="lIduhWecwSVNePDn/k0GHgIN76M="></latexit><latexit sha1_base64="xKYZKLCFliiNIYfHlXeIDsERpHo="></latexit>

2 forms for sequential representations ⌫(d✓)H(d )
<latexit sha1_base64="btEw8AIkHo6nkcPQCajMhGrlYmM=">AAACHHicbVDLSgNBEOz1bXxFPephMAiKGHa96DHoJccIRoVsCLOTjjs6O7vM9Aoh5OKHiEev+g3exKvgJ/gXTh4HXwUNNVXd9HRFmZKWfP/Dm5icmp6ZnZsvLCwuLa8UV9fObZobgXWRqtRcRtyikhrrJEnhZWaQJ5HCi+jmZOBf3KKxMtVn1M2wmfArLTtScHJSq7gZ6nwnbCOykGIkvlsdvzIrd1vFkl/2h2B/STAmpcpWuPcAALVW8TNspyJPUJNQ3NpG4GfU7HFDUijsF8LcYsbFDb/ChqOaJ2ibveEVfbbtlDbrpMaVJjZUv0/0eGJtN4lcZ8Iptr+9gfif18ipc9TsSZ3lhFqMFnVyxShlg0hYWxoUpLqOcGGk+ysTMTdckAvux5brON5PpBUH/YLLJvidxF9yflAO/HJwGpQqxzDCHGzAFuxAAIdQgSrUoA4C7uARnuDZu/devFfvbdQ64Y1n1uEHvPcvuMyiJg==</latexit><latexit sha1_base64="PWy8LB3VqTO1X4JVoBBBTtelFd8=">AAACHHicbVC7SgNBFJ2Nrxhfq5ZaDAmCIobdNFoGbVJGMCpkQ5id3GRHZ2eXmbtCCGn8BmtrW/0GO7EV/AT/wsmj0OiBC2fOuZc794SpFAY979PJzc0vLC7llwsrq2vrG+7m1qVJMs2hwROZ6OuQGZBCQQMFSrhONbA4lHAV3p6N/Ks70EYk6gL7KbRi1lOiKzhDK7Xd3UBl+0EHgAYYAbKD2vSVGnHQdkte2RuD/iX+lJSqxeDw4bPar7fdr6CT8CwGhVwyY5q+l2JrwDQKLmFYCDIDKeO3rAdNSxWLwbQG4yuGdM8qHdpNtC2FdKz+nBiw2Jh+HNrOmGFkZr2R+J/XzLB70hoIlWYIik8WdTNJMaGjSGhHaOAo+5YwroX9K+UR04yjDe7XlpsoOoqF4ZVhwWbjzybxl1xWyr5X9s/9UvWUTJAnO6RI9olPjkmV1EidNAgn9+SJPJMX59F5dd6c90lrzpnObJNfcD6+AeVAo6w=</latexit><latexit sha1_base64="PWy8LB3VqTO1X4JVoBBBTtelFd8=">AAACHHicbVC7SgNBFJ2Nrxhfq5ZaDAmCIobdNFoGbVJGMCpkQ5id3GRHZ2eXmbtCCGn8BmtrW/0GO7EV/AT/wsmj0OiBC2fOuZc794SpFAY979PJzc0vLC7llwsrq2vrG+7m1qVJMs2hwROZ6OuQGZBCQQMFSrhONbA4lHAV3p6N/Ks70EYk6gL7KbRi1lOiKzhDK7Xd3UBl+0EHgAYYAbKD2vSVGnHQdkte2RuD/iX+lJSqxeDw4bPar7fdr6CT8CwGhVwyY5q+l2JrwDQKLmFYCDIDKeO3rAdNSxWLwbQG4yuGdM8qHdpNtC2FdKz+nBiw2Jh+HNrOmGFkZr2R+J/XzLB70hoIlWYIik8WdTNJMaGjSGhHaOAo+5YwroX9K+UR04yjDe7XlpsoOoqF4ZVhwWbjzybxl1xWyr5X9s/9UvWUTJAnO6RI9olPjkmV1EidNAgn9+SJPJMX59F5dd6c90lrzpnObJNfcD6+AeVAo6w=</latexit><latexit sha1_base64="/A2qTVFqBcZqYDJ4tHgLauN2nSI=">AAACHHicbVA9TwJBEN3zE/ELtdRiIzGBQnJno6XRhhITAROOkL1l8Fb29i67cyaE0PhDrG31N9gZWxN/gv/CBa4Q8CWTvH1vJrPzgkQKg6777Swtr6yurec28ptb2zu7hb39holTzaHOYxnru4AZkEJBHQVKuEs0sCiQ0Az612O/+QjaiFjd4iCBdsTulegJztBKncKRr9KS3wWgPoaArFzNXokR5U6h6FbcCegi8TJSJBlqncKP3415GoFCLpkxLc9NsD1kGgWXMMr7qYGE8T67h5alikVg2sPJFSN6YpUu7cXalkI6Uf9ODFlkzCAKbGfEMDTz3lj8z2ul2LtoD4VKUgTFp4t6qaQY03EktCs0cJQDSxjXwv6V8pBpxtEGN7PlIQxPI2H42Shvs/Hmk1gkjbOK51a8G694eZWllCOH5JiUiEfOySWpkhqpE06eyAt5JW/Os/PufDif09YlJ5s5IDNwvn4Bgv6gnQ==</latexit>

Superposition representation 
infinite sum of CRMs,  

each with finite # of atoms 
(3 versions)



Sequential representation comparison

Why so many representations?



They’re all useful in different circumstances

Sequential representation comparison

Why so many representations?



They’re all useful in different circumstances

Sequential representation comparison

Why so many representations?

Series Reps Superposition Reps

B-Rep IL-Rep R-Rep T-Rep DB-Rep PL-Rep SB-Rep

Error 
Bound 
Decay

 ✓  ✓ ✓/✗ ✗  ✓  ✓ ✗

Ease of 
Analysis ✗ ✗✗ ✗ ✗ ✓ ✓ ✓

Generality ✓ ✓ ✓ ✓ ✓ ✓ ✓
Known # 
Atoms ✓ ✓ ✗ ✗ ✗ ✗ ✗



Given Gamma process:

Sequential representation 
example



Given Gamma process:

Step 1: compute

Sequential representation 
example



Given Gamma process:

Step 1: compute

Sequential representation 
example



Given Gamma process:

Step 1: compute

Step 2: compute

Sequential representation 
example



Given Gamma process:

Step 1: compute

Step 2: compute

Sequential representation 
example



Given Gamma process:

Exponential(𝜆) 
density!

Step 1: compute

Step 2: compute

Sequential representation 
example



Given Gamma process:

Exponential(𝜆) 
density!

Step 3: plug in!

Step 1: compute

Step 2: compute

Sequential representation 
example



Outline
✓ Tractable priors in BNP 

• Truncated approximations 

✓ Two forms for sequential representations 

➡ Truncation and error analysis

• Non-nested approximations



How close is our finite approximation?

Choosing between the 
seven representations



How close is our finite approximation?

Choosing between the 
seven representations

⇧(d⇥ |X) /⇥ f(X |⇥)⇧0(d⇥)
<latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="gJK4NsyuoPpSqwEqOlmV4tR+8nA="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit>



How close is our finite approximation?

Choosing between the 
seven representations

⇧(d⇥ |X) /⇥ f(X |⇥)⇧0(d⇥)
<latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="gJK4NsyuoPpSqwEqOlmV4tR+8nA="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit>

Truncation error: kpN,1 � pN,Kk1 =
1

2

Z
|pN,1(X)� pN,K(X)|dX

<latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit>



How close is our finite approximation?

Choosing between the 
seven representations

⇧(d⇥ |X) /⇥ f(X |⇥)⇧0(d⇥)
<latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="gJK4NsyuoPpSqwEqOlmV4tR+8nA="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit>

Truncation error: kpN,1 � pN,Kk1 =
1

2

Z
|pN,1(X)� pN,K(X)|dX

<latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit>

truncated
full infinite

⇥

<latexit sha1_base64="vRWyiJnsWJhOYTXGQycr1/D77+c=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvXiMkBckS5idzGYnmZldZnqFEHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vJ7exubW9k98t7O0fHB4Vj0+aJk41ZQ0ai1i3A2KY4Io1gINg7UQzIgPBWsHofua3npg2PFZ1GCfMl2SgeMgpASs1u/WIAekVS27ZnQOvEy8jJZSh1iv+dPsxTSVTQAUxpuO5CfgTooFTwaaFbmpYQuiIDFjHUkUkM/5kfu0UX1ilj8NY21KA5+rfiQmRxoxlYDslgcisejPxP6+TQnjrT7hKUmCKLhaFqcAQ49nruM81oyDGlhCqub0V04hoQsEGtLRlGEVXkhtamRZsNt5qEuukWSl7btl7vC5V77KU8ugMnaNL5KEbVEUPqIYaiKIhekGv6M15dt6dD+dz0ZpzsplTtATn6xesaphO</latexit><latexit sha1_base64="vRWyiJnsWJhOYTXGQycr1/D77+c=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvXiMkBckS5idzGYnmZldZnqFEHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vJ7exubW9k98t7O0fHB4Vj0+aJk41ZQ0ai1i3A2KY4Io1gINg7UQzIgPBWsHofua3npg2PFZ1GCfMl2SgeMgpASs1u/WIAekVS27ZnQOvEy8jJZSh1iv+dPsxTSVTQAUxpuO5CfgTooFTwaaFbmpYQuiIDFjHUkUkM/5kfu0UX1ilj8NY21KA5+rfiQmRxoxlYDslgcisejPxP6+TQnjrT7hKUmCKLhaFqcAQ49nruM81oyDGlhCqub0V04hoQsEGtLRlGEVXkhtamRZsNt5qEuukWSl7btl7vC5V77KU8ugMnaNL5KEbVEUPqIYaiKIhekGv6M15dt6dD+dz0ZpzsplTtATn6xesaphO</latexit><latexit sha1_base64="vRWyiJnsWJhOYTXGQycr1/D77+c=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvXiMkBckS5idzGYnmZldZnqFEHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vJ7exubW9k98t7O0fHB4Vj0+aJk41ZQ0ai1i3A2KY4Io1gINg7UQzIgPBWsHofua3npg2PFZ1GCfMl2SgeMgpASs1u/WIAekVS27ZnQOvEy8jJZSh1iv+dPsxTSVTQAUxpuO5CfgTooFTwaaFbmpYQuiIDFjHUkUkM/5kfu0UX1ilj8NY21KA5+rfiQmRxoxlYDslgcisejPxP6+TQnjrT7hKUmCKLhaFqcAQ49nruM81oyDGlhCqub0V04hoQsEGtLRlGEVXkhtamRZsNt5qEuukWSl7btl7vC5V77KU8ugMnaNL5KEbVEUPqIYaiKIhekGv6M15dt6dD+dz0ZpzsplTtATn6xesaphO</latexit><latexit sha1_base64="vRWyiJnsWJhOYTXGQycr1/D77+c=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvXiMkBckS5idzGYnmZldZnqFEHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vJ7exubW9k98t7O0fHB4Vj0+aJk41ZQ0ai1i3A2KY4Io1gINg7UQzIgPBWsHofua3npg2PFZ1GCfMl2SgeMgpASs1u/WIAekVS27ZnQOvEy8jJZSh1iv+dPsxTSVTQAUxpuO5CfgTooFTwaaFbmpYQuiIDFjHUkUkM/5kfu0UX1ilj8NY21KA5+rfiQmRxoxlYDslgcisejPxP6+TQnjrT7hKUmCKLhaFqcAQ49nruM81oyDGlhCqub0V04hoQsEGtLRlGEVXkhtamRZsNt5qEuukWSl7btl7vC5V77KU8ugMnaNL5KEbVEUPqIYaiKIhekGv6M15dt6dD+dz0ZpzsplTtATn6xesaphO</latexit>

⇥K
<latexit sha1_base64="PBeRyzXrozQwBLzjzM2elVg9XJw=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvQheIuQFyRJmJ5PsmJnZZaZXCEvunr3qN3gTr/6Gn+BfOEn2YBILGoqqbrq7glhwA6777eTW1jc2t/LbhZ3dvf2D4uFR00SJpqxBIxHpdkAME1yxBnAQrB1rRmQgWCsY3U791hPThkeqDuOY+ZIMFR9wSsBK7W49ZEB6971iyS27M+BV4mWkhDLUesWfbj+iiWQKqCDGdDw3Bj8lGjgVbFLoJobFhI7IkHUsVUQy46ezeyf4zCp9PIi0LQV4pv6dSIk0ZiwD2ykJhGbZm4r/eZ0EBtd+ylWcAFN0vmiQCAwRnj6P+1wzCmJsCaGa21sxDYkmFGxEC1sew/BCckMrk4LNxltOYpU0K2XPLXsPl6XqTZZSHp2gU3SOPHSFqugO1VADUSTQC3pFb86z8+58OJ/z1pyTzRyjBThfvwyFmQw=</latexit><latexit sha1_base64="PBeRyzXrozQwBLzjzM2elVg9XJw=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvQheIuQFyRJmJ5PsmJnZZaZXCEvunr3qN3gTr/6Gn+BfOEn2YBILGoqqbrq7glhwA6777eTW1jc2t/LbhZ3dvf2D4uFR00SJpqxBIxHpdkAME1yxBnAQrB1rRmQgWCsY3U791hPThkeqDuOY+ZIMFR9wSsBK7W49ZEB6971iyS27M+BV4mWkhDLUesWfbj+iiWQKqCDGdDw3Bj8lGjgVbFLoJobFhI7IkHUsVUQy46ezeyf4zCp9PIi0LQV4pv6dSIk0ZiwD2ykJhGbZm4r/eZ0EBtd+ylWcAFN0vmiQCAwRnj6P+1wzCmJsCaGa21sxDYkmFGxEC1sew/BCckMrk4LNxltOYpU0K2XPLXsPl6XqTZZSHp2gU3SOPHSFqugO1VADUSTQC3pFb86z8+58OJ/z1pyTzRyjBThfvwyFmQw=</latexit><latexit sha1_base64="PBeRyzXrozQwBLzjzM2elVg9XJw=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvQheIuQFyRJmJ5PsmJnZZaZXCEvunr3qN3gTr/6Gn+BfOEn2YBILGoqqbrq7glhwA6777eTW1jc2t/LbhZ3dvf2D4uFR00SJpqxBIxHpdkAME1yxBnAQrB1rRmQgWCsY3U791hPThkeqDuOY+ZIMFR9wSsBK7W49ZEB6971iyS27M+BV4mWkhDLUesWfbj+iiWQKqCDGdDw3Bj8lGjgVbFLoJobFhI7IkHUsVUQy46ezeyf4zCp9PIi0LQV4pv6dSIk0ZiwD2ykJhGbZm4r/eZ0EBtd+ylWcAFN0vmiQCAwRnj6P+1wzCmJsCaGa21sxDYkmFGxEC1sew/BCckMrk4LNxltOYpU0K2XPLXsPl6XqTZZSHp2gU3SOPHSFqugO1VADUSTQC3pFb86z8+58OJ/z1pyTzRyjBThfvwyFmQw=</latexit><latexit sha1_base64="PBeRyzXrozQwBLzjzM2elVg9XJw=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvQheIuQFyRJmJ5PsmJnZZaZXCEvunr3qN3gTr/6Gn+BfOEn2YBILGoqqbrq7glhwA6777eTW1jc2t/LbhZ3dvf2D4uFR00SJpqxBIxHpdkAME1yxBnAQrB1rRmQgWCsY3U791hPThkeqDuOY+ZIMFR9wSsBK7W49ZEB6971iyS27M+BV4mWkhDLUesWfbj+iiWQKqCDGdDw3Bj8lGjgVbFLoJobFhI7IkHUsVUQy46ezeyf4zCp9PIi0LQV4pv6dSIk0ZiwD2ykJhGbZm4r/eZ0EBtd+ylWcAFN0vmiQCAwRnj6P+1wzCmJsCaGa21sxDYkmFGxEC1sew/BCckMrk4LNxltOYpU0K2XPLXsPl6XqTZZSHp2gU3SOPHSFqugO1VADUSTQC3pFb86z8+58OJ/z1pyTzRyjBThfvwyFmQw=</latexit>



How close is our finite approximation?

Choosing between the 
seven representations

⇧(d⇥ |X) /⇥ f(X |⇥)⇧0(d⇥)
<latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="gJK4NsyuoPpSqwEqOlmV4tR+8nA="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit>

Truncation error: kpN,1 � pN,Kk1 =
1

2

Z
|pN,1(X)� pN,K(X)|dX

<latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit>

truncated
full infinite

⇥

<latexit sha1_base64="vRWyiJnsWJhOYTXGQycr1/D77+c=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvXiMkBckS5idzGYnmZldZnqFEHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vJ7exubW9k98t7O0fHB4Vj0+aJk41ZQ0ai1i3A2KY4Io1gINg7UQzIgPBWsHofua3npg2PFZ1GCfMl2SgeMgpASs1u/WIAekVS27ZnQOvEy8jJZSh1iv+dPsxTSVTQAUxpuO5CfgTooFTwaaFbmpYQuiIDFjHUkUkM/5kfu0UX1ilj8NY21KA5+rfiQmRxoxlYDslgcisejPxP6+TQnjrT7hKUmCKLhaFqcAQ49nruM81oyDGlhCqub0V04hoQsEGtLRlGEVXkhtamRZsNt5qEuukWSl7btl7vC5V77KU8ugMnaNL5KEbVEUPqIYaiKIhekGv6M15dt6dD+dz0ZpzsplTtATn6xesaphO</latexit><latexit sha1_base64="vRWyiJnsWJhOYTXGQycr1/D77+c=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvXiMkBckS5idzGYnmZldZnqFEHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vJ7exubW9k98t7O0fHB4Vj0+aJk41ZQ0ai1i3A2KY4Io1gINg7UQzIgPBWsHofua3npg2PFZ1GCfMl2SgeMgpASs1u/WIAekVS27ZnQOvEy8jJZSh1iv+dPsxTSVTQAUxpuO5CfgTooFTwaaFbmpYQuiIDFjHUkUkM/5kfu0UX1ilj8NY21KA5+rfiQmRxoxlYDslgcisejPxP6+TQnjrT7hKUmCKLhaFqcAQ49nruM81oyDGlhCqub0V04hoQsEGtLRlGEVXkhtamRZsNt5qEuukWSl7btl7vC5V77KU8ugMnaNL5KEbVEUPqIYaiKIhekGv6M15dt6dD+dz0ZpzsplTtATn6xesaphO</latexit><latexit sha1_base64="vRWyiJnsWJhOYTXGQycr1/D77+c=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvXiMkBckS5idzGYnmZldZnqFEHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vJ7exubW9k98t7O0fHB4Vj0+aJk41ZQ0ai1i3A2KY4Io1gINg7UQzIgPBWsHofua3npg2PFZ1GCfMl2SgeMgpASs1u/WIAekVS27ZnQOvEy8jJZSh1iv+dPsxTSVTQAUxpuO5CfgTooFTwaaFbmpYQuiIDFjHUkUkM/5kfu0UX1ilj8NY21KA5+rfiQmRxoxlYDslgcisejPxP6+TQnjrT7hKUmCKLhaFqcAQ49nruM81oyDGlhCqub0V04hoQsEGtLRlGEVXkhtamRZsNt5qEuukWSl7btl7vC5V77KU8ugMnaNL5KEbVEUPqIYaiKIhekGv6M15dt6dD+dz0ZpzsplTtATn6xesaphO</latexit><latexit sha1_base64="vRWyiJnsWJhOYTXGQycr1/D77+c=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvXiMkBckS5idzGYnmZldZnqFEHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vJ7exubW9k98t7O0fHB4Vj0+aJk41ZQ0ai1i3A2KY4Io1gINg7UQzIgPBWsHofua3npg2PFZ1GCfMl2SgeMgpASs1u/WIAekVS27ZnQOvEy8jJZSh1iv+dPsxTSVTQAUxpuO5CfgTooFTwaaFbmpYQuiIDFjHUkUkM/5kfu0UX1ilj8NY21KA5+rfiQmRxoxlYDslgcisejPxP6+TQnjrT7hKUmCKLhaFqcAQ49nruM81oyDGlhCqub0V04hoQsEGtLRlGEVXkhtamRZsNt5qEuukWSl7btl7vC5V77KU8ugMnaNL5KEbVEUPqIYaiKIhekGv6M15dt6dD+dz0ZpzsplTtATn6xesaphO</latexit>

⇥K
<latexit sha1_base64="PBeRyzXrozQwBLzjzM2elVg9XJw=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvQheIuQFyRJmJ5PsmJnZZaZXCEvunr3qN3gTr/6Gn+BfOEn2YBILGoqqbrq7glhwA6777eTW1jc2t/LbhZ3dvf2D4uFR00SJpqxBIxHpdkAME1yxBnAQrB1rRmQgWCsY3U791hPThkeqDuOY+ZIMFR9wSsBK7W49ZEB6971iyS27M+BV4mWkhDLUesWfbj+iiWQKqCDGdDw3Bj8lGjgVbFLoJobFhI7IkHUsVUQy46ezeyf4zCp9PIi0LQV4pv6dSIk0ZiwD2ykJhGbZm4r/eZ0EBtd+ylWcAFN0vmiQCAwRnj6P+1wzCmJsCaGa21sxDYkmFGxEC1sew/BCckMrk4LNxltOYpU0K2XPLXsPl6XqTZZSHp2gU3SOPHSFqugO1VADUSTQC3pFb86z8+58OJ/z1pyTzRyjBThfvwyFmQw=</latexit><latexit sha1_base64="PBeRyzXrozQwBLzjzM2elVg9XJw=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvQheIuQFyRJmJ5PsmJnZZaZXCEvunr3qN3gTr/6Gn+BfOEn2YBILGoqqbrq7glhwA6777eTW1jc2t/LbhZ3dvf2D4uFR00SJpqxBIxHpdkAME1yxBnAQrB1rRmQgWCsY3U791hPThkeqDuOY+ZIMFR9wSsBK7W49ZEB6971iyS27M+BV4mWkhDLUesWfbj+iiWQKqCDGdDw3Bj8lGjgVbFLoJobFhI7IkHUsVUQy46ezeyf4zCp9PIi0LQV4pv6dSIk0ZiwD2ykJhGbZm4r/eZ0EBtd+ylWcAFN0vmiQCAwRnj6P+1wzCmJsCaGa21sxDYkmFGxEC1sew/BCckMrk4LNxltOYpU0K2XPLXsPl6XqTZZSHp2gU3SOPHSFqugO1VADUSTQC3pFb86z8+58OJ/z1pyTzRyjBThfvwyFmQw=</latexit><latexit sha1_base64="PBeRyzXrozQwBLzjzM2elVg9XJw=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvQheIuQFyRJmJ5PsmJnZZaZXCEvunr3qN3gTr/6Gn+BfOEn2YBILGoqqbrq7glhwA6777eTW1jc2t/LbhZ3dvf2D4uFR00SJpqxBIxHpdkAME1yxBnAQrB1rRmQgWCsY3U791hPThkeqDuOY+ZIMFR9wSsBK7W49ZEB6971iyS27M+BV4mWkhDLUesWfbj+iiWQKqCDGdDw3Bj8lGjgVbFLoJobFhI7IkHUsVUQy46ezeyf4zCp9PIi0LQV4pv6dSIk0ZiwD2ykJhGbZm4r/eZ0EBtd+ylWcAFN0vmiQCAwRnj6P+1wzCmJsCaGa21sxDYkmFGxEC1sew/BCckMrk4LNxltOYpU0K2XPLXsPl6XqTZZSHp2gU3SOPHSFqugO1VADUSTQC3pFb86z8+58OJ/z1pyTzRyjBThfvwyFmQw=</latexit><latexit sha1_base64="PBeRyzXrozQwBLzjzM2elVg9XJw=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvQheIuQFyRJmJ5PsmJnZZaZXCEvunr3qN3gTr/6Gn+BfOEn2YBILGoqqbrq7glhwA6777eTW1jc2t/LbhZ3dvf2D4uFR00SJpqxBIxHpdkAME1yxBnAQrB1rRmQgWCsY3U791hPThkeqDuOY+ZIMFR9wSsBK7W49ZEB6971iyS27M+BV4mWkhDLUesWfbj+iiWQKqCDGdDw3Bj8lGjgVbFLoJobFhI7IkHUsVUQy46ezeyf4zCp9PIi0LQV4pv6dSIk0ZiwD2ykJhGbZm4r/eZ0EBtd+ylWcAFN0vmiQCAwRnj6P+1wzCmJsCaGa21sxDYkmFGxEC1sew/BCckMrk4LNxltOYpU0K2XPLXsPl6XqTZZSHp2gU3SOPHSFqugO1VADUSTQC3pFb86z8+58OJ/z1pyTzRyjBThfvwyFmQw=</latexit>

data X data X

f
<latexit sha1_base64="CscXLJ16s0XcB55WeEnaW7S2oxI=">AAAB/3icbVC7TgMxENzjGcIrQAmFRYREQ3SXBsoIGspEIg8pOUU+x5czsX0n24cUnVJQ08I30CFK+BQ6Wv4C51GQhJFWGs3sancnSDjTxnW/nJXVtfWNzdxWfntnd2+/cHDY0HGqCK2TmMeqFWBNOZO0bpjhtJUoikXAaTMY3Iz95gNVmsXyzgwT6gvclyxkBBsr1cJuoeiW3AnQMvFmpFg5+ah9A0C1W/jp9GKSCioN4Vjrtucmxs+wMoxwOsp3Uk0TTAa4T9uWSiyo9rPJoSN0ZpUeCmNlSxo0Uf9OZFhoPRSB7RTYRHrRG4v/ee3UhFd+xmSSGirJdFGYcmRiNP4a9ZiixPChJZgoZm9FJMIKE2OzmdtyH0UXgmlSHuVtNt5iEsukUS55bsmrecXKNUyRg2M4hXPw4BIqcAtVqAMBCk/wDC/Oo/PqvDnv09YVZzZzBHNwPn8BGwmYcg==</latexit><latexit sha1_base64="pfvV8/z+niTG0by00DjE3Dp1KWo=">AAAB/3icbVC7SgNBFJ2NrxhfUUtFFoNgY9hNo2XQxjIB84BkCbOTu9kxM7PLzKwQlhQWVrb6DXZiGT/FTxB/wsmjMIkHLhzOuZd77/FjRpV2nC8rs7K6tr6R3cxtbe/s7uX3D+oqSiSBGolYJJs+VsCogJqmmkEzloC5z6Dh92/GfuMBpKKRuNODGDyOe4IGlGBtpGrQyRecojOBvUzcGSmUj0fVn6eTUaWT/253I5JwEJowrFTLdWLtpVhqShgMc+1EQYxJH/egZajAHJSXTg4d2mdG6dpBJE0JbU/UvxMp5koNuG86OdahWvTG4n9eK9HBlZdSEScaBJkuChJm68gef213qQSi2cAQTCQ1t9okxBITbbKZ23IfhhecKlIa5kw27mISy6ReKrpO0a26hfI1miKLjtApOkcuukRldIsqqIYIAvSMXtCr9Wi9We/Wx7Q1Y81mDtEcrM9fGXiZ2A==</latexit><latexit sha1_base64="pfvV8/z+niTG0by00DjE3Dp1KWo=">AAAB/3icbVC7SgNBFJ2NrxhfUUtFFoNgY9hNo2XQxjIB84BkCbOTu9kxM7PLzKwQlhQWVrb6DXZiGT/FTxB/wsmjMIkHLhzOuZd77/FjRpV2nC8rs7K6tr6R3cxtbe/s7uX3D+oqSiSBGolYJJs+VsCogJqmmkEzloC5z6Dh92/GfuMBpKKRuNODGDyOe4IGlGBtpGrQyRecojOBvUzcGSmUj0fVn6eTUaWT/253I5JwEJowrFTLdWLtpVhqShgMc+1EQYxJH/egZajAHJSXTg4d2mdG6dpBJE0JbU/UvxMp5koNuG86OdahWvTG4n9eK9HBlZdSEScaBJkuChJm68gef213qQSi2cAQTCQ1t9okxBITbbKZ23IfhhecKlIa5kw27mISy6ReKrpO0a26hfI1miKLjtApOkcuukRldIsqqIYIAvSMXtCr9Wi9We/Wx7Q1Y81mDtEcrM9fGXiZ2A==</latexit><latexit sha1_base64="Tul/xw40dGSvr+dPHQmKczX/eAM=">AAAB/3icbVC7TgJBFJ3FF+ILtbSZSExsJLs0WhJtLCGRRwIbMjvcZUdmZjczsyZkQ2Ftq99gZ2z9FD/Bv3CALQQ8yU1Ozrk3994TJJxp47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqCi0a81h1A6KBMwktwwyHbqKAiIBDJxjfzfzOEyjNYvlgJgn4gowkCxklxkrNcFCuuFV3DrxOvJxUUI7GoPzTH8Y0FSAN5UTrnucmxs+IMoxymJb6qYaE0DEZQc9SSQRoP5sfOsUXVhniMFa2pMFz9e9ERoTWExHYTkFMpFe9mfif10tNeONnTCapAUkXi8KUYxPj2dd4yBRQwyeWEKqYvRXTiChCjc1mactjFF0JpmltWrLZeKtJrJN2req5Va/pVeq3eUpFdIbO0SXy0DWqo3vUQC1EEaAX9IrenGfn3flwPhetBSefOUVLcL5+AdbNli0=</latexit>

f
<latexit sha1_base64="CscXLJ16s0XcB55WeEnaW7S2oxI=">AAAB/3icbVC7TgMxENzjGcIrQAmFRYREQ3SXBsoIGspEIg8pOUU+x5czsX0n24cUnVJQ08I30CFK+BQ6Wv4C51GQhJFWGs3sancnSDjTxnW/nJXVtfWNzdxWfntnd2+/cHDY0HGqCK2TmMeqFWBNOZO0bpjhtJUoikXAaTMY3Iz95gNVmsXyzgwT6gvclyxkBBsr1cJuoeiW3AnQMvFmpFg5+ah9A0C1W/jp9GKSCioN4Vjrtucmxs+wMoxwOsp3Uk0TTAa4T9uWSiyo9rPJoSN0ZpUeCmNlSxo0Uf9OZFhoPRSB7RTYRHrRG4v/ee3UhFd+xmSSGirJdFGYcmRiNP4a9ZiixPChJZgoZm9FJMIKE2OzmdtyH0UXgmlSHuVtNt5iEsukUS55bsmrecXKNUyRg2M4hXPw4BIqcAtVqAMBCk/wDC/Oo/PqvDnv09YVZzZzBHNwPn8BGwmYcg==</latexit><latexit sha1_base64="pfvV8/z+niTG0by00DjE3Dp1KWo=">AAAB/3icbVC7SgNBFJ2NrxhfUUtFFoNgY9hNo2XQxjIB84BkCbOTu9kxM7PLzKwQlhQWVrb6DXZiGT/FTxB/wsmjMIkHLhzOuZd77/FjRpV2nC8rs7K6tr6R3cxtbe/s7uX3D+oqSiSBGolYJJs+VsCogJqmmkEzloC5z6Dh92/GfuMBpKKRuNODGDyOe4IGlGBtpGrQyRecojOBvUzcGSmUj0fVn6eTUaWT/253I5JwEJowrFTLdWLtpVhqShgMc+1EQYxJH/egZajAHJSXTg4d2mdG6dpBJE0JbU/UvxMp5koNuG86OdahWvTG4n9eK9HBlZdSEScaBJkuChJm68gef213qQSi2cAQTCQ1t9okxBITbbKZ23IfhhecKlIa5kw27mISy6ReKrpO0a26hfI1miKLjtApOkcuukRldIsqqIYIAvSMXtCr9Wi9We/Wx7Q1Y81mDtEcrM9fGXiZ2A==</latexit><latexit sha1_base64="pfvV8/z+niTG0by00DjE3Dp1KWo=">AAAB/3icbVC7SgNBFJ2NrxhfUUtFFoNgY9hNo2XQxjIB84BkCbOTu9kxM7PLzKwQlhQWVrb6DXZiGT/FTxB/wsmjMIkHLhzOuZd77/FjRpV2nC8rs7K6tr6R3cxtbe/s7uX3D+oqSiSBGolYJJs+VsCogJqmmkEzloC5z6Dh92/GfuMBpKKRuNODGDyOe4IGlGBtpGrQyRecojOBvUzcGSmUj0fVn6eTUaWT/253I5JwEJowrFTLdWLtpVhqShgMc+1EQYxJH/egZajAHJSXTg4d2mdG6dpBJE0JbU/UvxMp5koNuG86OdahWvTG4n9eK9HBlZdSEScaBJkuChJm68gef213qQSi2cAQTCQ1t9okxBITbbKZ23IfhhecKlIa5kw27mISy6ReKrpO0a26hfI1miKLjtApOkcuukRldIsqqIYIAvSMXtCr9Wi9We/Wx7Q1Y81mDtEcrM9fGXiZ2A==</latexit><latexit sha1_base64="Tul/xw40dGSvr+dPHQmKczX/eAM=">AAAB/3icbVC7TgJBFJ3FF+ILtbSZSExsJLs0WhJtLCGRRwIbMjvcZUdmZjczsyZkQ2Ftq99gZ2z9FD/Bv3CALQQ8yU1Ozrk3994TJJxp47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqCi0a81h1A6KBMwktwwyHbqKAiIBDJxjfzfzOEyjNYvlgJgn4gowkCxklxkrNcFCuuFV3DrxOvJxUUI7GoPzTH8Y0FSAN5UTrnucmxs+IMoxymJb6qYaE0DEZQc9SSQRoP5sfOsUXVhniMFa2pMFz9e9ERoTWExHYTkFMpFe9mfif10tNeONnTCapAUkXi8KUYxPj2dd4yBRQwyeWEKqYvRXTiChCjc1mactjFF0JpmltWrLZeKtJrJN2req5Va/pVeq3eUpFdIbO0SXy0DWqo3vUQC1EEaAX9IrenGfn3flwPhetBSefOUVLcL5+AdbNli0=</latexit>



Compare the distribution of the data 
under full vs. truncated

How close is our finite approximation?

Choosing between the 
seven representations

⇧(d⇥ |X) /⇥ f(X |⇥)⇧0(d⇥)
<latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="gJK4NsyuoPpSqwEqOlmV4tR+8nA="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit>

Truncation error: kpN,1 � pN,Kk1 =
1

2

Z
|pN,1(X)� pN,K(X)|dX

<latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit>

truncated
full infinite

⇥

<latexit sha1_base64="vRWyiJnsWJhOYTXGQycr1/D77+c=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvXiMkBckS5idzGYnmZldZnqFEHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vJ7exubW9k98t7O0fHB4Vj0+aJk41ZQ0ai1i3A2KY4Io1gINg7UQzIgPBWsHofua3npg2PFZ1GCfMl2SgeMgpASs1u/WIAekVS27ZnQOvEy8jJZSh1iv+dPsxTSVTQAUxpuO5CfgTooFTwaaFbmpYQuiIDFjHUkUkM/5kfu0UX1ilj8NY21KA5+rfiQmRxoxlYDslgcisejPxP6+TQnjrT7hKUmCKLhaFqcAQ49nruM81oyDGlhCqub0V04hoQsEGtLRlGEVXkhtamRZsNt5qEuukWSl7btl7vC5V77KU8ugMnaNL5KEbVEUPqIYaiKIhekGv6M15dt6dD+dz0ZpzsplTtATn6xesaphO</latexit><latexit sha1_base64="vRWyiJnsWJhOYTXGQycr1/D77+c=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvXiMkBckS5idzGYnmZldZnqFEHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vJ7exubW9k98t7O0fHB4Vj0+aJk41ZQ0ai1i3A2KY4Io1gINg7UQzIgPBWsHofua3npg2PFZ1GCfMl2SgeMgpASs1u/WIAekVS27ZnQOvEy8jJZSh1iv+dPsxTSVTQAUxpuO5CfgTooFTwaaFbmpYQuiIDFjHUkUkM/5kfu0UX1ilj8NY21KA5+rfiQmRxoxlYDslgcisejPxP6+TQnjrT7hKUmCKLhaFqcAQ49nruM81oyDGlhCqub0V04hoQsEGtLRlGEVXkhtamRZsNt5qEuukWSl7btl7vC5V77KU8ugMnaNL5KEbVEUPqIYaiKIhekGv6M15dt6dD+dz0ZpzsplTtATn6xesaphO</latexit><latexit sha1_base64="vRWyiJnsWJhOYTXGQycr1/D77+c=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvXiMkBckS5idzGYnmZldZnqFEHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vJ7exubW9k98t7O0fHB4Vj0+aJk41ZQ0ai1i3A2KY4Io1gINg7UQzIgPBWsHofua3npg2PFZ1GCfMl2SgeMgpASs1u/WIAekVS27ZnQOvEy8jJZSh1iv+dPsxTSVTQAUxpuO5CfgTooFTwaaFbmpYQuiIDFjHUkUkM/5kfu0UX1ilj8NY21KA5+rfiQmRxoxlYDslgcisejPxP6+TQnjrT7hKUmCKLhaFqcAQ49nruM81oyDGlhCqub0V04hoQsEGtLRlGEVXkhtamRZsNt5qEuukWSl7btl7vC5V77KU8ugMnaNL5KEbVEUPqIYaiKIhekGv6M15dt6dD+dz0ZpzsplTtATn6xesaphO</latexit><latexit sha1_base64="vRWyiJnsWJhOYTXGQycr1/D77+c=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvXiMkBckS5idzGYnmZldZnqFEHL17FW/wZt49T/8BP/CSbIHk1jQUFR1090VJIIbcN1vJ7exubW9k98t7O0fHB4Vj0+aJk41ZQ0ai1i3A2KY4Io1gINg7UQzIgPBWsHofua3npg2PFZ1GCfMl2SgeMgpASs1u/WIAekVS27ZnQOvEy8jJZSh1iv+dPsxTSVTQAUxpuO5CfgTooFTwaaFbmpYQuiIDFjHUkUkM/5kfu0UX1ilj8NY21KA5+rfiQmRxoxlYDslgcisejPxP6+TQnjrT7hKUmCKLhaFqcAQ49nruM81oyDGlhCqub0V04hoQsEGtLRlGEVXkhtamRZsNt5qEuukWSl7btl7vC5V77KU8ugMnaNL5KEbVEUPqIYaiKIhekGv6M15dt6dD+dz0ZpzsplTtATn6xesaphO</latexit>

⇥K
<latexit sha1_base64="PBeRyzXrozQwBLzjzM2elVg9XJw=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvQheIuQFyRJmJ5PsmJnZZaZXCEvunr3qN3gTr/6Gn+BfOEn2YBILGoqqbrq7glhwA6777eTW1jc2t/LbhZ3dvf2D4uFR00SJpqxBIxHpdkAME1yxBnAQrB1rRmQgWCsY3U791hPThkeqDuOY+ZIMFR9wSsBK7W49ZEB6971iyS27M+BV4mWkhDLUesWfbj+iiWQKqCDGdDw3Bj8lGjgVbFLoJobFhI7IkHUsVUQy46ezeyf4zCp9PIi0LQV4pv6dSIk0ZiwD2ykJhGbZm4r/eZ0EBtd+ylWcAFN0vmiQCAwRnj6P+1wzCmJsCaGa21sxDYkmFGxEC1sew/BCckMrk4LNxltOYpU0K2XPLXsPl6XqTZZSHp2gU3SOPHSFqugO1VADUSTQC3pFb86z8+58OJ/z1pyTzRyjBThfvwyFmQw=</latexit><latexit sha1_base64="PBeRyzXrozQwBLzjzM2elVg9XJw=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvQheIuQFyRJmJ5PsmJnZZaZXCEvunr3qN3gTr/6Gn+BfOEn2YBILGoqqbrq7glhwA6777eTW1jc2t/LbhZ3dvf2D4uFR00SJpqxBIxHpdkAME1yxBnAQrB1rRmQgWCsY3U791hPThkeqDuOY+ZIMFR9wSsBK7W49ZEB6971iyS27M+BV4mWkhDLUesWfbj+iiWQKqCDGdDw3Bj8lGjgVbFLoJobFhI7IkHUsVUQy46ezeyf4zCp9PIi0LQV4pv6dSIk0ZiwD2ykJhGbZm4r/eZ0EBtd+ylWcAFN0vmiQCAwRnj6P+1wzCmJsCaGa21sxDYkmFGxEC1sew/BCckMrk4LNxltOYpU0K2XPLXsPl6XqTZZSHp2gU3SOPHSFqugO1VADUSTQC3pFb86z8+58OJ/z1pyTzRyjBThfvwyFmQw=</latexit><latexit sha1_base64="PBeRyzXrozQwBLzjzM2elVg9XJw=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvQheIuQFyRJmJ5PsmJnZZaZXCEvunr3qN3gTr/6Gn+BfOEn2YBILGoqqbrq7glhwA6777eTW1jc2t/LbhZ3dvf2D4uFR00SJpqxBIxHpdkAME1yxBnAQrB1rRmQgWCsY3U791hPThkeqDuOY+ZIMFR9wSsBK7W49ZEB6971iyS27M+BV4mWkhDLUesWfbj+iiWQKqCDGdDw3Bj8lGjgVbFLoJobFhI7IkHUsVUQy46ezeyf4zCp9PIi0LQV4pv6dSIk0ZiwD2ykJhGbZm4r/eZ0EBtd+ylWcAFN0vmiQCAwRnj6P+1wzCmJsCaGa21sxDYkmFGxEC1sew/BCckMrk4LNxltOYpU0K2XPLXsPl6XqTZZSHp2gU3SOPHSFqugO1VADUSTQC3pFb86z8+58OJ/z1pyTzRyjBThfvwyFmQw=</latexit><latexit sha1_base64="PBeRyzXrozQwBLzjzM2elVg9XJw=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgxbAbBD0GvQheIuQFyRJmJ5PsmJnZZaZXCEvunr3qN3gTr/6Gn+BfOEn2YBILGoqqbrq7glhwA6777eTW1jc2t/LbhZ3dvf2D4uFR00SJpqxBIxHpdkAME1yxBnAQrB1rRmQgWCsY3U791hPThkeqDuOY+ZIMFR9wSsBK7W49ZEB6971iyS27M+BV4mWkhDLUesWfbj+iiWQKqCDGdDw3Bj8lGjgVbFLoJobFhI7IkHUsVUQy46ezeyf4zCp9PIi0LQV4pv6dSIk0ZiwD2ykJhGbZm4r/eZ0EBtd+ylWcAFN0vmiQCAwRnj6P+1wzCmJsCaGa21sxDYkmFGxEC1sew/BCckMrk4LNxltOYpU0K2XPLXsPl6XqTZZSHp2gU3SOPHSFqugO1VADUSTQC3pFb86z8+58OJ/z1pyTzRyjBThfvwyFmQw=</latexit>

data X data X

f
<latexit sha1_base64="CscXLJ16s0XcB55WeEnaW7S2oxI=">AAAB/3icbVC7TgMxENzjGcIrQAmFRYREQ3SXBsoIGspEIg8pOUU+x5czsX0n24cUnVJQ08I30CFK+BQ6Wv4C51GQhJFWGs3sancnSDjTxnW/nJXVtfWNzdxWfntnd2+/cHDY0HGqCK2TmMeqFWBNOZO0bpjhtJUoikXAaTMY3Iz95gNVmsXyzgwT6gvclyxkBBsr1cJuoeiW3AnQMvFmpFg5+ah9A0C1W/jp9GKSCioN4Vjrtucmxs+wMoxwOsp3Uk0TTAa4T9uWSiyo9rPJoSN0ZpUeCmNlSxo0Uf9OZFhoPRSB7RTYRHrRG4v/ee3UhFd+xmSSGirJdFGYcmRiNP4a9ZiixPChJZgoZm9FJMIKE2OzmdtyH0UXgmlSHuVtNt5iEsukUS55bsmrecXKNUyRg2M4hXPw4BIqcAtVqAMBCk/wDC/Oo/PqvDnv09YVZzZzBHNwPn8BGwmYcg==</latexit><latexit sha1_base64="pfvV8/z+niTG0by00DjE3Dp1KWo=">AAAB/3icbVC7SgNBFJ2NrxhfUUtFFoNgY9hNo2XQxjIB84BkCbOTu9kxM7PLzKwQlhQWVrb6DXZiGT/FTxB/wsmjMIkHLhzOuZd77/FjRpV2nC8rs7K6tr6R3cxtbe/s7uX3D+oqSiSBGolYJJs+VsCogJqmmkEzloC5z6Dh92/GfuMBpKKRuNODGDyOe4IGlGBtpGrQyRecojOBvUzcGSmUj0fVn6eTUaWT/253I5JwEJowrFTLdWLtpVhqShgMc+1EQYxJH/egZajAHJSXTg4d2mdG6dpBJE0JbU/UvxMp5koNuG86OdahWvTG4n9eK9HBlZdSEScaBJkuChJm68gef213qQSi2cAQTCQ1t9okxBITbbKZ23IfhhecKlIa5kw27mISy6ReKrpO0a26hfI1miKLjtApOkcuukRldIsqqIYIAvSMXtCr9Wi9We/Wx7Q1Y81mDtEcrM9fGXiZ2A==</latexit><latexit sha1_base64="pfvV8/z+niTG0by00DjE3Dp1KWo=">AAAB/3icbVC7SgNBFJ2NrxhfUUtFFoNgY9hNo2XQxjIB84BkCbOTu9kxM7PLzKwQlhQWVrb6DXZiGT/FTxB/wsmjMIkHLhzOuZd77/FjRpV2nC8rs7K6tr6R3cxtbe/s7uX3D+oqSiSBGolYJJs+VsCogJqmmkEzloC5z6Dh92/GfuMBpKKRuNODGDyOe4IGlGBtpGrQyRecojOBvUzcGSmUj0fVn6eTUaWT/253I5JwEJowrFTLdWLtpVhqShgMc+1EQYxJH/egZajAHJSXTg4d2mdG6dpBJE0JbU/UvxMp5koNuG86OdahWvTG4n9eK9HBlZdSEScaBJkuChJm68gef213qQSi2cAQTCQ1t9okxBITbbKZ23IfhhecKlIa5kw27mISy6ReKrpO0a26hfI1miKLjtApOkcuukRldIsqqIYIAvSMXtCr9Wi9We/Wx7Q1Y81mDtEcrM9fGXiZ2A==</latexit><latexit sha1_base64="Tul/xw40dGSvr+dPHQmKczX/eAM=">AAAB/3icbVC7TgJBFJ3FF+ILtbSZSExsJLs0WhJtLCGRRwIbMjvcZUdmZjczsyZkQ2Ftq99gZ2z9FD/Bv3CALQQ8yU1Ozrk3994TJJxp47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqCi0a81h1A6KBMwktwwyHbqKAiIBDJxjfzfzOEyjNYvlgJgn4gowkCxklxkrNcFCuuFV3DrxOvJxUUI7GoPzTH8Y0FSAN5UTrnucmxs+IMoxymJb6qYaE0DEZQc9SSQRoP5sfOsUXVhniMFa2pMFz9e9ERoTWExHYTkFMpFe9mfif10tNeONnTCapAUkXi8KUYxPj2dd4yBRQwyeWEKqYvRXTiChCjc1mactjFF0JpmltWrLZeKtJrJN2req5Va/pVeq3eUpFdIbO0SXy0DWqo3vUQC1EEaAX9IrenGfn3flwPhetBSefOUVLcL5+AdbNli0=</latexit>
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Depends on number of observations N and truncation level K

As N gets larger, error increases
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seven representations

⇧(d⇥ |X) /⇥ f(X |⇥)⇧0(d⇥)
<latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GR8bnPUXNp/KeyIp09byDUiDG1I=">AAAB8HicbZDLSgMxGIX/qbc6Vq1rN8EiuLFkutGl4MZlBXuBdiiZTKYTm2SGJCOUobh36zO4E9/HR/AtTC8L23ogcDgn4f/zRbngxmL87VV2dvf2D6qH/lHNPz45rde6Jis0ZR2aiUz3I2KY4Ip1LLeC9XPNiIwE60WT+3nfe2Ha8Ew92WnOQknGiiecEuui9qjewE28ENo2wco0YKVR/WcYZ7SQTFkqiDGDAOc2LIm2nAo284eFYTmhEzJmA2cVkcyE5WLNGbp0SYySTLujLFqkf1+URBozlZG7KYlNzWY3D//rBoVNbsOSq7ywTNHloKQQyGZo/mcUc82oFVNnCNXc7YpoSjSh1pFZm/KcpteSG9qa+Q5NsAli23RbzQA3g0cMVTiHC7iCAG7gDh6gDR2gEMMbvHuv3of3uURY8VYsz2BN3tcvva2TZw==</latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="LegRyZb5VGpO4eL8xD1qRCTCZP8="></latexit><latexit sha1_base64="gJK4NsyuoPpSqwEqOlmV4tR+8nA="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit><latexit sha1_base64="GS65xYe7wEz8wPA5Q5WNH9n/e5E="></latexit>

Truncation error: kpN,1 � pN,Kk1 =
1

2

Z
|pN,1(X)� pN,K(X)|dX

<latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit><latexit sha1_base64="Bj2NVk1+Y0KoAngwQrx4jwhf1m4="></latexit>



Depends on number of observations N and truncation level K

As N gets larger, error increases

As K gets larger, error decreases
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Depends on number of observations N and truncation level K
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We develop new upper bounds
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Theorem (HCHB). The 
superposition rep error is 
bounded by
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Given Gamma-Poisson process:
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Gamma expectation
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Step 1: bound the integral, where                                   :

Given Gamma-Poisson process:

Integration by parts

Gamma expectation
Step 2: plug in!  

Error bound example
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✓
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GK ⇠ Gamma(K, c)

N ! 1, bound ! 1
<latexit sha1_base64="yAan1GPc5t+g+R8MNZurN6dXXf8=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXGhJiqDLohtXUsFeoA1lMpm0YyeTMHMiltCtD+LarT6DO3Gpb+BbOL0sbOuBgY//P4cz5/cTwTU4zpeVW1peWV3Lrxc2Nre2d+zdvbqOU0VZjcYiVk2faCa4ZDXgIFgzUYxEvmANv3818hsPTGkeyzsYJMyLSFfykFMCRurY+Aa3IcZtLkMYnBhmj5D5cSqD4dhwO3bRKTnjwovgTqGIplXt2D/tIKZpxCRQQbRuuU4CXkYUcCrYsNBONUsI7ZMuaxmUJGLay8aXDPGRUQIcxso8CXis/p3ISKT1IPJNZ0Sgp+e9kfif10ohvPAyLpMUmKSTRWEqsDlxFAsOuGIUxMAAoYqbv2LaI4pQMOHNbLnv9U4jrml5WDDZuPNJLEK9XHKdknt7VqxcTlPKowN0iI6Ri85RBV2jKqohip7QC3pFb9az9W59WJ+T1pw1ndlHM2V9/wJXXKKx</latexit><latexit sha1_base64="yAan1GPc5t+g+R8MNZurN6dXXf8=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXGhJiqDLohtXUsFeoA1lMpm0YyeTMHMiltCtD+LarT6DO3Gpb+BbOL0sbOuBgY//P4cz5/cTwTU4zpeVW1peWV3Lrxc2Nre2d+zdvbqOU0VZjcYiVk2faCa4ZDXgIFgzUYxEvmANv3818hsPTGkeyzsYJMyLSFfykFMCRurY+Aa3IcZtLkMYnBhmj5D5cSqD4dhwO3bRKTnjwovgTqGIplXt2D/tIKZpxCRQQbRuuU4CXkYUcCrYsNBONUsI7ZMuaxmUJGLay8aXDPGRUQIcxso8CXis/p3ISKT1IPJNZ0Sgp+e9kfif10ohvPAyLpMUmKSTRWEqsDlxFAsOuGIUxMAAoYqbv2LaI4pQMOHNbLnv9U4jrml5WDDZuPNJLEK9XHKdknt7VqxcTlPKowN0iI6Ri85RBV2jKqohip7QC3pFb9az9W59WJ+T1pw1ndlHM2V9/wJXXKKx</latexit><latexit sha1_base64="yAan1GPc5t+g+R8MNZurN6dXXf8=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXGhJiqDLohtXUsFeoA1lMpm0YyeTMHMiltCtD+LarT6DO3Gpb+BbOL0sbOuBgY//P4cz5/cTwTU4zpeVW1peWV3Lrxc2Nre2d+zdvbqOU0VZjcYiVk2faCa4ZDXgIFgzUYxEvmANv3818hsPTGkeyzsYJMyLSFfykFMCRurY+Aa3IcZtLkMYnBhmj5D5cSqD4dhwO3bRKTnjwovgTqGIplXt2D/tIKZpxCRQQbRuuU4CXkYUcCrYsNBONUsI7ZMuaxmUJGLay8aXDPGRUQIcxso8CXis/p3ISKT1IPJNZ0Sgp+e9kfif10ohvPAyLpMUmKSTRWEqsDlxFAsOuGIUxMAAoYqbv2LaI4pQMOHNbLnv9U4jrml5WDDZuPNJLEK9XHKdknt7VqxcTlPKowN0iI6Ri85RBV2jKqohip7QC3pFb9az9W59WJ+T1pw1ndlHM2V9/wJXXKKx</latexit><latexit sha1_base64="yAan1GPc5t+g+R8MNZurN6dXXf8=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXGhJiqDLohtXUsFeoA1lMpm0YyeTMHMiltCtD+LarT6DO3Gpb+BbOL0sbOuBgY//P4cz5/cTwTU4zpeVW1peWV3Lrxc2Nre2d+zdvbqOU0VZjcYiVk2faCa4ZDXgIFgzUYxEvmANv3818hsPTGkeyzsYJMyLSFfykFMCRurY+Aa3IcZtLkMYnBhmj5D5cSqD4dhwO3bRKTnjwovgTqGIplXt2D/tIKZpxCRQQbRuuU4CXkYUcCrYsNBONUsI7ZMuaxmUJGLay8aXDPGRUQIcxso8CXis/p3ISKT1IPJNZ0Sgp+e9kfif10ohvPAyLpMUmKSTRWEqsDlxFAsOuGIUxMAAoYqbv2LaI4pQMOHNbLnv9U4jrml5WDDZuPNJLEK9XHKdknt7VqxcTlPKowN0iI6Ri85RBV2jKqohip7QC3pFb9az9W59WJ+T1pw1ndlHM2V9/wJXXKKx</latexit>



Step 1: bound the integral, where                                   :

Given Gamma-Poisson process:

Integration by parts

Gamma expectation
Step 2: plug in!  

Error bound example
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, K ! 1

GK ⇠ Gamma(K, c)

N ! 1, bound ! 1
<latexit sha1_base64="yAan1GPc5t+g+R8MNZurN6dXXf8=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXGhJiqDLohtXUsFeoA1lMpm0YyeTMHMiltCtD+LarT6DO3Gpb+BbOL0sbOuBgY//P4cz5/cTwTU4zpeVW1peWV3Lrxc2Nre2d+zdvbqOU0VZjcYiVk2faCa4ZDXgIFgzUYxEvmANv3818hsPTGkeyzsYJMyLSFfykFMCRurY+Aa3IcZtLkMYnBhmj5D5cSqD4dhwO3bRKTnjwovgTqGIplXt2D/tIKZpxCRQQbRuuU4CXkYUcCrYsNBONUsI7ZMuaxmUJGLay8aXDPGRUQIcxso8CXis/p3ISKT1IPJNZ0Sgp+e9kfif10ohvPAyLpMUmKSTRWEqsDlxFAsOuGIUxMAAoYqbv2LaI4pQMOHNbLnv9U4jrml5WDDZuPNJLEK9XHKdknt7VqxcTlPKowN0iI6Ri85RBV2jKqohip7QC3pFb9az9W59WJ+T1pw1ndlHM2V9/wJXXKKx</latexit><latexit sha1_base64="yAan1GPc5t+g+R8MNZurN6dXXf8=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXGhJiqDLohtXUsFeoA1lMpm0YyeTMHMiltCtD+LarT6DO3Gpb+BbOL0sbOuBgY//P4cz5/cTwTU4zpeVW1peWV3Lrxc2Nre2d+zdvbqOU0VZjcYiVk2faCa4ZDXgIFgzUYxEvmANv3818hsPTGkeyzsYJMyLSFfykFMCRurY+Aa3IcZtLkMYnBhmj5D5cSqD4dhwO3bRKTnjwovgTqGIplXt2D/tIKZpxCRQQbRuuU4CXkYUcCrYsNBONUsI7ZMuaxmUJGLay8aXDPGRUQIcxso8CXis/p3ISKT1IPJNZ0Sgp+e9kfif10ohvPAyLpMUmKSTRWEqsDlxFAsOuGIUxMAAoYqbv2LaI4pQMOHNbLnv9U4jrml5WDDZuPNJLEK9XHKdknt7VqxcTlPKowN0iI6Ri85RBV2jKqohip7QC3pFb9az9W59WJ+T1pw1ndlHM2V9/wJXXKKx</latexit><latexit sha1_base64="yAan1GPc5t+g+R8MNZurN6dXXf8=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXGhJiqDLohtXUsFeoA1lMpm0YyeTMHMiltCtD+LarT6DO3Gpb+BbOL0sbOuBgY//P4cz5/cTwTU4zpeVW1peWV3Lrxc2Nre2d+zdvbqOU0VZjcYiVk2faCa4ZDXgIFgzUYxEvmANv3818hsPTGkeyzsYJMyLSFfykFMCRurY+Aa3IcZtLkMYnBhmj5D5cSqD4dhwO3bRKTnjwovgTqGIplXt2D/tIKZpxCRQQbRuuU4CXkYUcCrYsNBONUsI7ZMuaxmUJGLay8aXDPGRUQIcxso8CXis/p3ISKT1IPJNZ0Sgp+e9kfif10ohvPAyLpMUmKSTRWEqsDlxFAsOuGIUxMAAoYqbv2LaI4pQMOHNbLnv9U4jrml5WDDZuPNJLEK9XHKdknt7VqxcTlPKowN0iI6Ri85RBV2jKqohip7QC3pFb9az9W59WJ+T1pw1ndlHM2V9/wJXXKKx</latexit><latexit sha1_base64="yAan1GPc5t+g+R8MNZurN6dXXf8=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXGhJiqDLohtXUsFeoA1lMpm0YyeTMHMiltCtD+LarT6DO3Gpb+BbOL0sbOuBgY//P4cz5/cTwTU4zpeVW1peWV3Lrxc2Nre2d+zdvbqOU0VZjcYiVk2faCa4ZDXgIFgzUYxEvmANv3818hsPTGkeyzsYJMyLSFfykFMCRurY+Aa3IcZtLkMYnBhmj5D5cSqD4dhwO3bRKTnjwovgTqGIplXt2D/tIKZpxCRQQbRuuU4CXkYUcCrYsNBONUsI7ZMuaxmUJGLay8aXDPGRUQIcxso8CXis/p3ISKT1IPJNZ0Sgp+e9kfif10ohvPAyLpMUmKSTRWEqsDlxFAsOuGIUxMAAoYqbv2LaI4pQMOHNbLnv9U4jrml5WDDZuPNJLEK9XHKdknt7VqxcTlPKowN0iI6Ri85RBV2jKqohip7QC3pFb9az9W59WJ+T1pw1ndlHM2V9/wJXXKKx</latexit>

K ! 1, bound ! 0
<latexit sha1_base64="H7CHnG3lTbSPVZSXlgjwWpQlbds=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXGhJiqDLohvBTQV7gTaUyWTSjp1MwsyJWEK3Pohrt/oM7sSlvoFv4fSysK0HBj7+/xzOnN9PBNfgOF9Wbml5ZXUtv17Y2Nza3rF39+o6ThVlNRqLWDV9opngktWAg2DNRDES+YI1/P7VyG88MKV5LO9gkDAvIl3JQ04JGKlj4xvchhi3uQxhcGKYPULmx6kMhmPD6dhFp+SMCy+CO4Uimla1Y/+0g5imEZNABdG65ToJeBlRwKlgw0I71SwhtE+6rGVQkohpLxtfMsRHRglwGCvzJOCx+nciI5HWg8g3nRGBnp73RuJ/XiuF8MLLuExSYJJOFoWpwObEUSw44IpREAMDhCpu/oppjyhCwYQ3s+W+1zuNuKblYcFk484nsQj1csl1Su7tWbFyOU0pjw7QITpGLjpHFXSNqqiGKHpCL+gVvVnP1rv1YX1OWnPWdGYfzZT1/QtQk6Kt</latexit><latexit sha1_base64="H7CHnG3lTbSPVZSXlgjwWpQlbds=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXGhJiqDLohvBTQV7gTaUyWTSjp1MwsyJWEK3Pohrt/oM7sSlvoFv4fSysK0HBj7+/xzOnN9PBNfgOF9Wbml5ZXUtv17Y2Nza3rF39+o6ThVlNRqLWDV9opngktWAg2DNRDES+YI1/P7VyG88MKV5LO9gkDAvIl3JQ04JGKlj4xvchhi3uQxhcGKYPULmx6kMhmPD6dhFp+SMCy+CO4Uimla1Y/+0g5imEZNABdG65ToJeBlRwKlgw0I71SwhtE+6rGVQkohpLxtfMsRHRglwGCvzJOCx+nciI5HWg8g3nRGBnp73RuJ/XiuF8MLLuExSYJJOFoWpwObEUSw44IpREAMDhCpu/oppjyhCwYQ3s+W+1zuNuKblYcFk484nsQj1csl1Su7tWbFyOU0pjw7QITpGLjpHFXSNqqiGKHpCL+gVvVnP1rv1YX1OWnPWdGYfzZT1/QtQk6Kt</latexit><latexit sha1_base64="H7CHnG3lTbSPVZSXlgjwWpQlbds=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXGhJiqDLohvBTQV7gTaUyWTSjp1MwsyJWEK3Pohrt/oM7sSlvoFv4fSysK0HBj7+/xzOnN9PBNfgOF9Wbml5ZXUtv17Y2Nza3rF39+o6ThVlNRqLWDV9opngktWAg2DNRDES+YI1/P7VyG88MKV5LO9gkDAvIl3JQ04JGKlj4xvchhi3uQxhcGKYPULmx6kMhmPD6dhFp+SMCy+CO4Uimla1Y/+0g5imEZNABdG65ToJeBlRwKlgw0I71SwhtE+6rGVQkohpLxtfMsRHRglwGCvzJOCx+nciI5HWg8g3nRGBnp73RuJ/XiuF8MLLuExSYJJOFoWpwObEUSw44IpREAMDhCpu/oppjyhCwYQ3s+W+1zuNuKblYcFk484nsQj1csl1Su7tWbFyOU0pjw7QITpGLjpHFXSNqqiGKHpCL+gVvVnP1rv1YX1OWnPWdGYfzZT1/QtQk6Kt</latexit><latexit sha1_base64="H7CHnG3lTbSPVZSXlgjwWpQlbds=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXGhJiqDLohvBTQV7gTaUyWTSjp1MwsyJWEK3Pohrt/oM7sSlvoFv4fSysK0HBj7+/xzOnN9PBNfgOF9Wbml5ZXUtv17Y2Nza3rF39+o6ThVlNRqLWDV9opngktWAg2DNRDES+YI1/P7VyG88MKV5LO9gkDAvIl3JQ04JGKlj4xvchhi3uQxhcGKYPULmx6kMhmPD6dhFp+SMCy+CO4Uimla1Y/+0g5imEZNABdG65ToJeBlRwKlgw0I71SwhtE+6rGVQkohpLxtfMsRHRglwGCvzJOCx+nciI5HWg8g3nRGBnp73RuJ/XiuF8MLLuExSYJJOFoWpwObEUSw44IpREAMDhCpu/oppjyhCwYQ3s+W+1zuNuKblYcFk484nsQj1csl1Su7tWbFyOU0pjw7QITpGLjpHFXSNqqiGKHpCL+gVvVnP1rv1YX1OWnPWdGYfzZT1/QtQk6Kt</latexit>



Outline
✓ Tractable priors in BNP 

✓ Truncated approximations 

✓ Two forms for sequential representations 

✓ Truncation and error analysis 

➡ Non-nested approximations



Atom weights are independent
Non-nested CRM approximations

⇥K =
PK

k=1✓K,k� k , ✓K,k
ind⇠ ⌫K

<latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit>



Atom weights are independent
Non-nested CRM approximations

⇥K =
PK

k=1✓K,k� k , ✓K,k
ind⇠ ⌫K

<latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit>

Intuition: choose ‹K such that
K‹K(◊) ¥ ‹(◊) and K‹K æ ‹

<latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit><latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit><latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit><latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit>



Atom weights are independent
Non-nested CRM approximations

⇥K =
PK

k=1✓K,k� k , ✓K,k
ind⇠ ⌫K

<latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit>
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Intuition: choose ‹K such that
K‹K(◊) ¥ ‹(◊) and K‹K æ ‹

<latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit><latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit><latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit><latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit>



 Theorem (H., Masoero, Mackey, Broderick). Assume that

Atom weights are independent
Non-nested CRM approximations
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ind⇠ ⌫K

<latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit>
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Intuition: choose ‹K such that
K‹K(◊) ¥ ‹(◊) and K‹K æ ‹

<latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit><latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit><latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit><latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit>

‹(d◊; “, d, ÷) = “◊≠1≠dg(◊)≠d h(◊;÷)
Z(1≠d,÷) d◊.

<latexit sha1_base64="tx03kR+WbX5hbMjtj0/doyagoM4="></latexit><latexit sha1_base64="TvP9+iYCkqqf2oZosP91LHdt9ug="></latexit><latexit sha1_base64="TvP9+iYCkqqf2oZosP91LHdt9ug="></latexit><latexit sha1_base64="rIepU0E92fohYZ9jiZD09wtohn4="></latexit>



 Theorem (H., Masoero, Mackey, Broderick). Assume that

Atom weights are independent
Non-nested CRM approximations

⇥K =
PK

k=1✓K,k� k , ✓K,k
ind⇠ ⌫K

<latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit><latexit sha1_base64="I8cDEWmXW0VRyVAgEQR3mgKt4/o="></latexit>

Then, under mild regularity conditions, when d = 0
<latexit sha1_base64="C3CofKefn9n0ajG5PJZBBgf6VhA="></latexit><latexit sha1_base64="tpvttl+5zWuxl7QjC54fzR/rxiM="></latexit><latexit sha1_base64="tpvttl+5zWuxl7QjC54fzR/rxiM="></latexit><latexit sha1_base64="8f/H7cNL+0xywnjDuv0P/tpUaFI="></latexit>

‹K(d◊) = ◊≠1+c/Kg(◊)c/K h(◊;÷)
Z(c/K,÷) d◊,

<latexit sha1_base64="5KMK3kBASoTxU4/V7KtOI50q8gA="></latexit><latexit sha1_base64="oHJR+cn8Q44ZDowoCkHguvFXPHA="></latexit><latexit sha1_base64="oHJR+cn8Q44ZDowoCkHguvFXPHA="></latexit><latexit sha1_base64="I86DJ7hPvQZKBqEcZlCNCuNTRZo="></latexit>

c , “ h(0;÷)
Z(1,÷) .

<latexit sha1_base64="qGPyX/JiGqy8zIubI1oI+QFqvGQ="></latexit><latexit sha1_base64="qmKsPLxBSJvplL9zAWDEIrkoKvI="></latexit><latexit sha1_base64="qmKsPLxBSJvplL9zAWDEIrkoKvI="></latexit><latexit sha1_base64="uGlc0dmdJovqSyqsy5WDrXCP2/k="></latexit>
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Intuition: choose ‹K such that
K‹K(◊) ¥ ‹(◊) and K‹K æ ‹

<latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit><latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit><latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit><latexit sha1_base64="7VTJSLO/Igvha7FD5IT8l4RoJLU="></latexit>
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Non-nested CRM approximations
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Then, under mild regularity conditions, when d = 0
<latexit sha1_base64="C3CofKefn9n0ajG5PJZBBgf6VhA="></latexit><latexit sha1_base64="tpvttl+5zWuxl7QjC54fzR/rxiM="></latexit><latexit sha1_base64="tpvttl+5zWuxl7QjC54fzR/rxiM="></latexit><latexit sha1_base64="8f/H7cNL+0xywnjDuv0P/tpUaFI="></latexit>

‹K(d◊) = ◊≠1+c/Kg(◊)c/K h(◊;÷)
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