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Problem:A well-known problem with count data is the corruption by false zeros

not representing observed counts.
Goal: Develop a low-rank tensor approximation unaffected by false zeros for

sparse data.
Challenge: Sparse count data contains many, many zero counts; which are which?

Our solution: Ignore all zeros and then quantify the effect of ighorance.

CP Model: Sum of d-way vector outer products, useful for interpretation

* Why do we need a low-rank approximation?

_&: &: &: * Tensors contain I;1, -+ I; elements (product of the coordinate
~ n N directions)
* Canonical Polyadic (CP) rank R decomposition contains

- - - R+, +--+ [;) elements

Canonical Polyadic, CANDECOMP, PARAFAC, CP

e Statistical model for the count data
11111 Date (Tick=1Year)  Houw _ Neighborhood _ Crime  Fach tensor element is Poisson distributed
I * Other count models can be used (e.g. negative binomial)
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ettt et ot o .. =2 e * CP rank R decomposition and Poisson model lead to a max
likelihood estimator
* Resulting inference problem is corrupted by false zeros. Sigh.
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Crime reports in the city of Chicago, 2001-2017 (Kolda and Hong (2020),
Stochastic Gradients for Large-Scale Tensor Decomposition)

* Our solution: ignore zeros and fit tensor decompositions using only
a random sample of the sparse tensor elements
* No need to access all the elements.

== Current Method
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* Model: Zero-truncated Poisson model
* We'll just ignore all the zeros since we don’t know which are correct

* Benefits:
* No a-priori knowledge of zeros needed

* Better than assuming all zeros are true values (current approach)

Tensor Decomposition Error

* Theorem summary
* Probabilistic bound that only a small constant multiple of error will be
incurred given the sample size when ignoring zeros

0 0.2 04 0.6 0.8 1
Fraction of Data Available

7
\\:,@
(Qrzy" Zero-Truncated Poisson Regression for Sparse Multiway
e Count Data Corrupted by False Zeros
\\<‘$‘
¢ OSCAR F. LOPEZ
<(O Harbor Branch Oceanographic Institute, Florida Atlantic University, Street, Postcode, State, Country
DANIEL M. DUNLAVY

Machine Intelligence and Visualization, Sandia National Laboratories, Street, Postcode, State, Country

AND doi.org/10.48550/arXiv.2201.10014

RICHARD B. LEHOUCQ
Discrete Math and Opnimization, Sandia Nanional Laboratonies, Street, Postcode, State, Country

R U.5. DEPARTMENT OF Sandia National Laboratories is a multimission laboratory managed and .
) ENERGY operated by National Technology & Engineering Solutions of Sandia, LLC, Sandla
- a wholly owned subsidiary of Honeywell International Inc., for the U.S. N t- I
ALY e Department of Energy’s National Nuclear Security Administration under a |0na
AL 9% tract DE-NA0003525. 1
INA Dy el Laboratories
7 Nuclear ity Administration .

SandialNational Lboratories islalmultimissionflaboratoryimanagedlandjoperatedibyiNationallTechnologvi&lEngineeringiSolutionsjofiSandia.lLLC Jalwhollylowned


https://doi.org/10.48550/arXiv.2201.10014

