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2 I PROJECT BACKGROUND

» Definition: Compression analytics (CA) is the use of compression algorithms for machine learning (ML)

* Wide range of applications: Text, raw binaries, seismic measurements, genomics, cyber log data
* Problem:
1. Lack of formal statistical models for CA limit Step 1: Training Step 2: Testing
principled extensions |
2. Unclear how to select best CA model Document Document Unknown Document Class
. . . . PR . Class A Class B
3. Lack of rigorous ways to optimize misclassification i

1. Develop novel statistical framework for CA

. Goalsr:a €
Voo

o Statistical model selection

« Optimal classification rules 5 - .
2. Use framework to create novel CA techniques “ “ 70
a) Develop nonlocal CA Compressmn Compression

Compression Compression I

Model A Model B Decision: Classify into “B” due
to better compression rate

'
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Goal: Develop novel statistical and nonlocal CA algorithms for ML
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Background: Minimizing the Expected Cost of Misclassification

Theorem for deriving theoretically optimal classification rules:

[

Ry,

expected cost of misclassification are given by

~

heorem: For a K-class classification problem, the regions Ry, R,, ..., Rg that minimize the

i=1 =1

K K
= {:r ; Zﬂ'ip(:}!? | classi)cost(k | i) < Z?TEP(;I? | class £)cost(j | E)} Vi=12,..K, j#k

x 1s a scalar or vector of observed covariates
P(x| class = i) is the PMF/PDF of the random variable X evaluated at x within class i
mr; is the prior probability of observing class i

SWILEY

An Introduction

cost(j|i) gives the cost of (mis)classifying into class j given true class i
Can be adapted for minimax classification, maximizing accuracy/F,/etc.

T.W. Anderson. An Introduction to Multivariate Statistical Analysis, 3@ Ed, Hoboken, NJ: Wiley.




Result 1: Minimizing the Expected Cost of Misclassification with
CA

THIS lITI'lE I]EBISI[IH IS GONNA COST US

Consider that

—log, Py (%) = I3(%), and W 'Q

[3(X) = C(x | X)

where ) er 2 “|X )cmt(hlz)
. I}_{'(f) denOtes the information Content in the Observation X — :E R Thi |l1| Yeuver is gonna cost us 51 years

« C(x | X) denotes the compressed length of x given by a compression model C trained on X, a
sufficiently large sample from the random variable X

This allows the approximation of optimal classification rules as

K K
Ry~ qx:y m2C@cost(k i) < Y w200 cost(j | 6) ¢ Vj=1,2,..K, j#k,
1=1 =1

where the approximation error is determined by the approximation of —log, Py (x) with C(x | X).

Novel application of optimal classification rules to compression analytics classifiers.



Background: Prediction by Partial Matching (PPM) and Model
s I Order

PPM is a commonly used compression algorithm (e.g. RAR, 7-zip)

4 n )
CPPM(K}(:Z 1X) =~ l_[P(xi | Xi—k» XicK41) s Xi—1)
=1
~ P(xq,Xx3, ..., Xp)
NS " J

« Complete PPM algorithm not shown here (See Cleary & Witten and Bauer 2021)
« X is a vector of observed symbols drawn from a vector of random variables X

. X is a sufficiently large sample drawn from X used to estimate the required probabilities
« Main idea: PPM attempts to estimate a variable order markov model (VMM)

» Requires choosing a maximum context length (order) K

« Includes a recursive method for defaulting to context length K — 1 for an unobserved context K
Many PPM variants exist

Cleary, J.G. and Witten, I.H. (1984) Data Compression Using Adaptive Coding and Partial String Matching. IEEE Transactions on Communications, 32, 396-402.
Bauer, T. (2021) Ngram PPM: Compression Analytics without Compression. Sandia Report, SAND2021-11185.
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Background: Model Selection with AIC/BIC

A statistical model Py (x ; 8) with parameters 6 has likelihood

L@O:) = | | Peci0)
=1

We can evaluate model quality via AIC (Akaike’s Information Criterion):

Alc(0) = 2|6

BIC(6) = In(n)
L AIC/BIC =

—21In(L(6; %))
6| — 2In(L(6;%))
T Model Quality

where @ is an estimator of 8, and |8] is the dimensionality of 4.

AIC/BIC are principled methods for selecting parsimonious statistical models.

AIC=3

AIC=2




Result 2: Choosing PPM Model Order with AIC/BIC

For PPM encoding, AIC/BIC can be used to select model order k
* |@] can be calculated as the number of estimated probabilities

* Likelihood can be approximated using the compressed length of x

Sample results on 20-Newsgroups data:

Model Fit
(lower=better)
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k=3: Best observed out-of-sample AIC/BIC detect best k (+1)
performance using only in-sample data
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Novel AIC/BIC implementation gives principled technique for model selection with PPM
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s I Conclusions

« Compression Analytics (CA) involves using compression algorithms for machine learning (ML)
« Statistical interpretation of CA offers a path forward for novel method development
* Result 1: Optimal classification rules adapted to general compression algorithms
« Result 2: Statistical model selection for choosing context length in PPM
« Future directions:
* Nonlocal compression for extending context length (order)
« Adapting latent variable methods for unsupervised CA

Thanks for listening!



