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COMPAS

COMPAS (software)

From Wikipedia, the free encyclopedia

COMPAS, an acronym for Correctional Offender Management Profiling for Alternative Sanctions, is a case management and decision support tool developed and owned by Northpointe (now
Equivant#) used by U.S. courts to assess the likelihood of a defendant becoming a recidivist.[11[2]

COMPAS has been used by the U.S. states of New York, Wisconsin, California, Florida's Broward County, and other jurisdictions. %!
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A walkthrough
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The Problem

Imagine a situation where the creator of COMPAS had access to the COMPAS dataset. In particular, you are in the team that wants to predict recidivism based on the
COMPAS dataset. How would you go about doing it?

Well, let's just walk through the ML pipeline to see how you would go about doing this.
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Real world goal

Real world Real world goal
goal Reduce crime in society.

The Problem

Imagine a situation where the creator of COMPAS had access to the COMPAS dataset. In particular, you are in the team that wants to predict recidivism based on the
COMPAS dataset. How would you go about doing it?

Well, let's just walk through the ML pipeline to see how you would go about doing this.



Real world mechanism
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Real world mechanism

Based on some studies (or not!), your superiors decided that repeat offenders contribute most to crime. This in turn they decided would mean that if one could identify who
would commit a crime again in the future, then one could use this information when making judgment on the current crime. Thus, they decided they wanted a system that can
identify folks who will re-offend in the future and then promptly handed off the problem to your group to solve it.

The Problem

Imagine a situation where the creator of COMPAS had access to the COMPAS dataset. In particular, you are in the team that wants to predict recidivism based on the
COMPAS dataset. How would you go about doing it?

Well, let's just walk through the ML pipeline to see how you would go about doing this.
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Learning problem
Your group decides on the simplest learning problem: given a defendant predict if they will re-offend or not (in other words you are doing binary classification (binary because
you are "labeling" defendants as either going too re-offend or not going to re-offend and you are doing classification because you are putting people into the two bins-- i.e.

giving them a binary label and hence assigning them a "class."

There is another related option (which is what COMPAS (£ instead of assigning defendants to two scores: they assign a score from 1 (being least likely to re-offend) to 10
(most likely to defends). This range of score (rather than a binary classification) could potentially be more useful to the end user of your system.

However, for our discussion (and indeed for most of the rest of the course), we will focus on binary classification.

The Problem
Imagine a situation where the creator of COMPAS had access to the COMPAS dataset. In particular, you are in the team that wants to predict recidivism based on the
COMPAS dataset. How would you go about doing it?

Well, let's just walk through the ML pipeline to see how you would go about doing this.



Data collection mechanism
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Data collection mechanism

Your group decides to use the COMPAS dataset.

However, it is a useful exercise to recall what mechanism ProPublica used to collect the data (see the accompanying article (4' to the main ProPublica article for details). In
short, they used the existing public records law to get some data and generated the rest of the data was generated via a public government website. An important point to

note this is a very labor intensive process and it's not like writing a script to log certain information about a system (though that also can work as in Hal Duame lll's blog post
on the machine learning pipeline (<. In other words, generating data can be expensive (if not directly in terms of money then in person-hours).

The Problem

Imagine a situation where the creator of COMPAS had access to the COMPAS dataset. In particular, you are in the team that wants to predict recidivism based on the
COMPAS dataset. How would you go about doing it?

Well, let's just walk through the ML pipeline to see how you would go about doing this.






Which data to collect?
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Real world Real world Learning

Which data to collect?
Your group decides to use whatever data the COMPAS dataset has.

However, it's worth it to note that in the ProPublica data collection, they could only collect data that was public and so your group does not have access to data that is not in
the public domain that could be relevant to solve your learning problem. See the next callout for a pertinent example.

Measuring crime

We would now like to highlight one unavoidable (and potentially huge) issue with measuring/collecting data on when a crime was committed. For example, ideally in your
group's problem you would like to figure out when someone re-offends: i.e. commits a crime again. However, public/police records can only show when someone was arrested
for a crime. Keep this distinction in mind-- we will come back to this later on in the course (especially when we talk about feedback loops).



Data representation
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Data representation
Since your group is using the COMPAS dataset, the data representation is also given to you.






Target class/model
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Cartoon of how linear model works

Can you find a “better”
line?
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Pick (random) half of the dataset




Least squares

From Wikipedia, the free encyclopedia

"Least sq approximati i here. It is not to be confused with Least-sq function app

The method of least squares is a standard approach in regression analysis to approximate the solution of overdetermined systems (sets of equations Part of a series on Statistics
in which there are more equations than unknowns) by minimizing the sum of the squares of the residuals made in the results of every single equation. Regression analysis

[ ] [ ]
The most important application is in data fitting. The best fit in the least-squares sense minimizes the sum of squared residuals (a residual being: the
difference between an observed value, and the fitted value provided by a model). When the problem has substantial uncertainties in the independent
variable (the x variable), then simple regression and least-squares methods have problems; in such cases, the methodology required for fitting errors-

in-variables models may be considered instead of that for least squares.

Least-squares problems fall into two categories: linear or ordinary least squares and nonlinear least squares, depending on whether or not the
residuals are linear in all unknowns. The linear least-squares problem occurs in statistical regression analysis; it has a closed-form solution. The
nonlinear problem is usually solved by iterative refinement; at each iteration the system is approximated by a linear one, and thus the core calculation Models

is similar in both cases. Linear regression - Simple regression *
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Relation to problem statement
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Three problems to consider

natural language processing blog The Story of a Data Scientist

Jasmine is a data scientist working for a large university hospital.
She works closely with the hospital management, working on multiple
projects — analyzing trends in spending and medical procedure data

e and building statistical models to help the management and doctors

24 A £ 2016 natural language processing (NLP), gain a better insight into how redirecting resources to different
i computational linguistics (CL) and patients and departments will affect spending, patient health and
related topics (machine learning, c ;
math, funding, etc.) employee satisfaction.
Debugging machine learning
I've been thinking, mostly in the context of teaching, about how to specifically teach debugging One day, Jasmine is in a meet ing with the management, where they
of machine learning. Personally | find it very helpful to break things down in terms of the usual About Me discuss a new'Ly established government program which provides the
error terms: Bayes error (how much error is there in the best possible classifier), approximation = Qhal hospital with additional resources to help manage the health of
error (how much do you pay for restricting to some hypothesis class), estimation error (how £ pat ients with Significant health needs. The program offers monthly
ini imizati View my complete 0 q Py q q *
much do you pay blecaU§e you only hav'e finite samples),. Ol.)tIrYTIZatIOn error (r?cw much do you profile b4 P meet ings with a nutritionist ) phys ical the rapy, weekly, free—of-
pay because you didn't find a global optimum to your optimization problem). I've generally found cha rge psychothe rapy, as well as a pe rsonal program coo rdinator who
that trying to isolate errors to one of these pieces, and then debugging that piece in particular g q ! g g
is available 24/7 to support the patient and help them navigate

(eg., pick a better optimizer versus pick a better hypothesis class) has been useful. 3 .
their healthcare. The program was established to support elderly and

For instance, my general debugging strategy involves steps like the following: Labels g;:?_zﬁig Sﬁgl‘?’:{i ’ e::; riihispizgiggh ?Ezgét: }-éssglzggi‘: io?o.[t-oo\S/:lec.t
L ’

1. First, ensure that your optimizer isn't the problem. You can do this by adding "cheating" chlés)z 1,200 patients served by the hospital.
features -- a feature that correlates perfectly with the label. Make sure you can = ( )
anrracehilly avarfit tha fraininn data If nat thic ie nrahahly aithar an nnfimizar nrohlam ar  20ViSing (1)
The management is very excited about the additional resources, but
one of the senior doctors brings up that the selection of 50 most
. needy patients may be challenging. Should they select those with
Ad d IS p I ay exam p I e poorest health? Those who do not have relatives or spouses who help

Hospital trying to utilize new govt program

Third example: YOU decide!



Real world goal

Real world

goal

Real world goal: Example 1
Your company wants to increase revenue. A majority of revenue for your company comes from facilitating online ads. Your group has to attain this high level goal.

Real world goal: Example 2
Your hospital learns of a new government program that provides hospitals with additional resources to help manage health of patients with significant needs. The hospital

management wants your hospital to utilize these funds since the hospital has been losing money in the last few quarters. However, the funds can only help a (relatively) small

fraction of the patients in your hospital.



Real world goal: General thoughts

This step generally done at higher management level
Real world

goal

Translating this into something concrete needs remaining steps






Real world mechanism

Real world Real world
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Real world mechanism: Example 1
Since online ads make up a majority of the company's revenue your group decides to improve upon the ad display (with the hope that this can generate more revenue.

Real world mechanism: Example 2
Here you get conflicting demands: the management wants to use the extra funds to cut spending (i.e. keep the current service at their current level) while doctors want to use
the extra funds to supplement the existing services (i.e. add on to the existing services).



Real world mechanism: General thoughts

Is improving ad display the best
option?

Real world Real world

goal mechanism

ALWAYS question if the mechanism captures well the real life 'goal

Doctors vs.
There can be competing/incompatible mechanismse o @ management in

Example 2

CONVENIENCE trap!






Learning problem

Real world Real world Learning
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Learning problem: Example 1
Your group decides to predict the click through rate (', which a measure of the likelihood that a user will click on your ad. Based on these prediction, you will better place ads.

Learning problem: Example 2
The doctors had their way so your group decides to predict the patients with most need so that they can targeted with the supplementary practice.



Learning problem: General thoughts

Real world Real world

Decide NOT
to use

goal mechanism

learning

Use of proxies for the real target variable

Some has to decide between competing target variables

Choosing the learning problem can have big consequence!

Convenience trap
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Learning problem: Your choice
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