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Core Problem: Statistical Heterogeneity in Data

Integration
“*Modern datasets exhibit fundamentally different statistical characteristics, yet
traditional methods assume uniform distributional properties e
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“*Linking data from different types and distributions in the context of @/Data Involves
integrating datasets that may vary widely in format, scale, ané'Statistical properties

,/'-./
**This process is crucial for comprehensive anilysisénd gaining insights from diverse
data sources e
P
/'//
“*Compared to different statisticallaws;power law (PL) remains the leading universal

law to which other dominating laws converge

”

“*PL related cross-entroby promises to remain the best estimator.
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1. Statistical Heterogeneity in C

Modern datasets exhibit distributional hete !
where |
« Power law (e.g., wealth distribution: P(X>x)~>
* Normal (e.g., survey responses: f (x) = (
« Exponential (e.g., transaction times: f(x
* Etc..
coexist within analytical framewort

Economic Impact: Di /- y causes:
o Type I/l errors in € pdels (1 false positives by 37% [12])
o M&A (merger ation errors averaging 23% premium mispricing [19]

o ERP(E Resource P1lanning) implementation failure rates of 83%

distributienal properties [2][5]
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https://www.numberanalytics.com/blog/mastering-convergence-in-discrete-probability
https://libguides.usc.edu/writingguide/academicwriting
https://www.techtarget.com/searcherp/feature/7-reasons-for-ERP-implementation-failure
https://moldstud.com/articles/p-5-common-challenges-in-legacy-system-integration-and-how-to-overcome-them

.16 yields 80/20 ratio

t concentration, fraud detection, and sampling reliability.
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https://owl.purdue.edu/owl/graduate_writing/what_is_writing/writing_is_discipline specific.html

Emergent Propert

« Scale Integratio

Herfindahl
76% of sectors

-
@

 Validation Mec emerges when LLN(law of large
number)/CL ,n/, Ive processes [9]
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Sinaneial systems exhibit super-additive risk when
act |26
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https://dynamics.folio3.com/blog/system-integration/
https://www.pnas.org/doi/10.1073/pnas.2120581119
https://blog.dreamfactory.com/how-distributed-rate-limiting-works-with-open-source-tools

Igh-impact events
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https://arxiv.org/html/2506.17925v1
https://www.pnas.org/doi/10.1073/pnas.2120581119

tional data
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https://www.numberanalytics.com/blog/ultimate-cross-entropy-guide

PL-Cross-Entropy Econometric Estimator
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PL-Cross-Entropy Econometric Estimator:
Symbols

where:

Ya: :indicates each sum per column, including unknown errors),

A each row total (observed values per row ) corrected for C,.,
X, ! total value 1indicator by row affected by unknown errors;

Pyt Jolnt probability structure of value indicator by column and
row k and 1,

C,. 1s a scaling factor to match the totals of row value indicator
and column value i1ndicator levels
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of ERP integration errors [5].
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https://www.numberanalytics.com/blog/building-systems-with-effective-integration-strategies
https://moldstud.com/articles/p-5-common-challenges-in-legacy-system-integration-and-how-to-overcome-them
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https://elifesciences.org/articles/100666
https://www.investopedia.com/terms/c/central_limit_theorem.asp

Medium
High

prevents 83% of merger valuation errors
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https://www.electronicdesign.com/technologies/industrial/article/55299117/analog-devices-know-your-safety-application-notes-part-1-failure-rates

Key Takeaways
Distribution typing
Power law frame
Cross-entropy op

Economist's |
Audit dataset
Implement

na pipelines
aw pre-decision.
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3. Concluding remarks

* The presented framework integrates insights from information
theory, statistical physics, and econometrics into a coherent
analytical approach. This interdisciplinary integration may
provide a robust theoretical foundation while maintaining
practical applicability across diverse domains.

* The case studies demonstrate tangible improvements in
analytical outcomes when appropriate methods are matched to
distributional characteristics. The enhanced sensitivity to
extreme events and improved risk assessment capabilities have
significant implications for decision-making in complex systems.









