Pattern Recognition
and Anomaly
Detection Ir
Bookkeeping Data

Asian Bureau of Finance and Economic Research (ABFER)
8th Annual Conference — Accounting | May-26, 2021
By Pierre J. Liang

Carnegie Mellon University



* Aluna Wang, Tepper School of Business at CMU
Coauthors 12 Wane, Tepp |
* Christos Faloutsos, School of Computer Science at CMU

| ﬂﬂ uences * Leman Akoglu, Heinz School and School of Computer
Science at CMU



Use Case 1: Use Graph Mining Tools to Detect
Journal entry anomalies

Broad Lessons

Use Case 2: Use Graph Mining Tools to Quantify
Account Classification and Aggregation

Why this is cool?
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Ingredient 1: Data and Problems from Field
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Ingredient 2: Abstract Bookkeeping Theories
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Luca Pacioli: Summa de Arithmetica ... (1494 AD
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Double Entry Bookkeeping’s “Trifecta”

Journal
Entries

"Double-entry bookkeeping,
especially its mathematical
structure, has been the
author’s life-long mystery.”
— Yuiji ljiri, 1993



Journal entries can be converted into a DiGraph
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Journal entries can be converted into a DiGraph
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Journal entries can be converted into a DiGraph
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Ingredient 3: Data Mining Technologies

Bookkeeping Graph Mining
Graph. Technologies
Construction




Stephen Wolfram’s ECA Rule-30
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Stephen Wolfram’s ECA Rule-30
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Minimum Description Length (MDL) Principle:
Compress data to recover patterns/models

“a dictionary” ' MDL picks M that minimizes k
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One transaction graph

Motif Table (MT)




Graph Encoding via MDL Principle

Motif Table (MT)
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Graph Encoding via MDL Principle
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Use Graph Encoding to ID Anomalies
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Careful Mix Leads to Solution

Anomaly
Detection in
General
a N Journal Data
| 4
Bookkeeping
Graph
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 Broader View of Research

* Get closer to real world problems faced by
practitioners and/or policy makers

* Return to Core Accounting Ideas

B F'Od d Le SSONsS * Double-entry bookkeeping as account graphs

 Classification and aggregation

* Learn from Engineers
e Graph theory
* Graph Mining




Second USE CASE:

Using Graph Summary to
Quantify Aggregation in
Bookkeeping Data

Principal Investigators:

Leman Akoglu and
Pierre J. Liang

Carnegie Mellon
University
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Quantifying Account Classification and Aggregation

We use TG-sum for evaluating a preexisting node labeling, the set of types pre-
assigned to the nodes in a graph

Financial Statement Classification (GAAP) organizes the individual accounts typical

GAAP categories such as inventory, prepaid expense, accounts payable, etc. For
each dataset, we use specific classification given the COA given with the data.

Economic Bookkeeping Classification (EB) organizes the individual accounts into
operating versus financing and long versus short term accounts, all together
fourteen categories.




Quantiftying Account Classification and

Aggregation

Table 4: Evaluating account labelings in financial networks

Company | Labeling || Shuffled | Actual | norm. gain (%)
SH EB 0.28 0.32 2.6 %
FS5 0.25 0.27 2.7 %
EB 0.36 0.47 17.0 %
HW FS5 0.16 0.27 13.0 %
KD EB 0.33 0.42 13.7 %
F5 0.31 0.39 12.0 %




* Hope you learned something more about
* computer science
Many thanks!

e graph theory

e accounting

* | told you this is an unusual talk
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