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Background

e Open data trend in executive and legislative branches of governments:
transparency 1, corruption |, and democratic institutions 1

e Machine learning to quantify, model, and evaluate the performance of public administration
e An active area of research in social/ political science: Public Expenditure Analysis (PEA)
e Why Brazil?

— Brazilian government has a large open data initiative: untouched by Advanced ML!
— High-profile budget misuse problems: > 30% of congress members under investigation!
e Goal: Introducing a neural network-based method to analyze expenditure patterns
Data Description

e Operation Serenata de Amor: Discretionary expenditure by Brazilian Congress members

e Made available by Brazil government

e 513 Congress members/ 26 states/ > 30 parties in Brazil
e > 7 million expenditure records from 2009 to 2018
Monthly budgets: BRL$ 45k (~USD$ 13k)

Data pre-processing

Translation: Portuguese = English
Most recent term: 2015 - 2018
Dropped missing data/ eliminated categories appearing less than 500 times.

1.1 million records/ 16 categories/ 595 congress members/ 26 parties/ 27 states
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e Expenditure Pattern

Main Results and Discussions

— Automatically clusters related expenses together since they have close patterns.
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Methodology

e Correspondence Analysis (CA)
— An exploratory multivariate statistical technique
=- used in genealogy, epidemiology, social and environmental sciences

— Similar to PCA/CCA: Low-dimensional orthogonal representations
= visualization/ interpretability

— Consider two random variables X and Y of finite cardinality

Q 2 Dy #(Pxy — pxpY)Dy /%, Dx 2 diag(px), Dy £ diag(py)

=UzZV" (Singular Value Decomposition)

— d=min{|X|,|Y|} — 1, {0i}%,: the singular values

e Orthogonal factors of X: L 2 D, /U e Factor scores: \ = 02,1 <i<d

e Factor score ratios: 1 <i<d

e Orthogonal factors of Y: R 2 D, '/?V Y

— The first and second columns of L and R plotted on a 2-D plane: factoring plane
e Limitations of SVD-based CA: restricted to categorical data and requires estimating Py v

e A novel neural network-based approach for CA:
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— C; = E[f(X)¥(X)T], Ciy = E[f(X)&(Y)T], ||Z||¢: d-th Ky-Fan norm

— Loss Function for back-propagation: min —ZHCf_%Cngd +E[|I§(Y)|2]
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— f(X) and g(Y): generalizations of L and R
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The architecture of the CA-NN, consisting of two encoders F-Net and G-Net for X and Y
respectively to estimate the orthogonal factors.

»  Airline Ticket Issue

*  Airline tickets

»  Consulting, research, and technical activities
Disclosure and advertisement of parliamentary activity

»  Food for the congressperson

Fuel and lubricants

Overland, maritime, or river transport tickets
Phone services

Postal services

Publication subscription

Rental or chartering of aircrafts

Rental or chartering of motor vehicles

Aviation-related expenses: “Airline Ticket Issue”, “Rental of aircrafts”
Transportation-related expenses: “River transport tickets”, “Rental of motor vehicles”
Daily expenses: “Food”, “Fuel”, “Security services”

Certain categories not correlated with congress members: “Food”, “Fuel and lubricants”,

“River transport tickets”, * Security services”, and “Taxi services

Rental of motor vehicles”,

and parking”.

— High-variation, overlapping traces of “Publication subscription” and “Postal service”, and 2
“Airline tickets”, “Consulting, research, and technical activities” and “Disclosure and ad- 3
vertisement of parliamentary activity”: mishandling of this category by certain congress %
members o

— “Maintenance of an office” and “Lodging”: outlying patterns g

O
Charged Congress members L
. . . L < Q0
— Investigated congress members near expenditure patterns with large variation 5
(@)}
— Ongoing work: Discretionary funding may be predictive of budget misuse problems §
o
Potential Use Cases o
o
Anomalous expenditure discovery, interpretation and visualization é
Clustering of congress members in terms of their discretionary expenditure pattern -2
Algorithmic watchdogs for predictive models of budget misuse: proactive reactions
New methodological approaches transferable to other civic projects for government transparency
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Lodging, except for congresspeople from the Distrito Federal
*  Maintenance of an office that supports parliamentary activity

Security services provided by a specialized company
Taxi services, tolls, and parking

Congress Members

Investigated Congress Members (> 4 times)
Investigated Congress Members (> 5 times)
Investigated Congress Members (> 10 times)
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First Orthogonal Factor (38.60%)

First factoring plane of the expenditures of 595 congress members in Brazil from 2015 to 2018
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Higher factor score ratio: more correlation captured by the orthogonal factor
Colored traces: 16 expenditure patterns for all congress members

Grey dots: congress members without investigations

Red dots: congress members under investigations

Points and lines close to the center (the origin): small correlation.



