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Who does my machine
learning model servee

How do | know?

What can |l do
about it?




So who is right?

@ #MLKNow 2019 by Blackout for Human ... G ~»
Watch later  Share

MORE VIDEOS

P o) 3921/416:25 | & Vygtilube” 2

“Algorithms can be biased”

@ Ryan Saavedra &
<1¥» @RealSaavedra

Socialist Rep. Alexandria Ocasio-Cortez (D-NY) claims that
algorithms, which are driven by math, are racist

Depends on what
you mean by
“algorithm~

#MLKNow

O 9,204 people are talking about this

“Algorithms are based on math
and hence cannot be biased"



Knuth’s Definition of an algorithm

An algorithm is a finite, definitive, effective
procedure with some input and some
output




Main Steps in Traditional Algorithm Design

Problem definition

Algorithm design

Problem Statement Real world problem

Problem Definition Precise mathematical def

Algorithm

“Implementation” Data Structures

Analysis Correctness/Run time



Two main points about traditional algorithms

Though really you
Problem is defined BEFORE algorithm is designed SR eHEFeGE:
there as well since
the problem
statement itself

could be biased...

Can prove algorithm is correct for ALL "uts
( ‘ ‘

One could consider such algorithms not

biased




Today

@ #MLKNow 2019 by Blackout for Human ... G ~»
Watch later  Share

MORE VIDEOS

O
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“Algorithms can be biased”

Correct for
modern

algorithms




Cat vs. Dogs




Warren and Billy

. -




How do you “define” a dog vs cat image?




Google Images has “solved” this problem

Google

Images

Search by image X

Q Search Google with an image instead of text. Try dragging an image here.

Paste image URL F Upload an image

Search by image



My result for Warren (Spring 20

GO gle (8| warrenJPG.JPG @A Q
Q Al [ Images [ Maps < Shopping  } More Settings  Tools

About 2 results (0.47 seconds)

Image size:
1973 x 1895
No other sizes of this image found. H
Pit bull <
Dog
Possible related search: pit bull
Pit bull - Wikipedia Pit bull is the common name for a type of dog descended from

bulldogs and terriers. The pit bull-type is particularly ambiguous, as
it encompasses a range of pedigree breeds, informal types and
appearances that cannot be reliably identified. Wikipedia

https://en.wikipedia.org » wiki » Pit_bull v
Pit bull is the common name for a type of dog descended from bulldogs and terriers. The pit
bull-type is particularly ambiguous, as it encompasses a range of ...

Lifespan: American Pit Bull Terrier: 8 — 15 years, American
American Pit Bull Terrier Dog Breed Information, Pictures ... Staffordshire Terrier: 12 - 16 years
https://dogtime.com > dog-breeds » american-pit-bull-terrier v Height: American Pit Bull Terrier: 18 — 21 in., MORE
The American Pit Bull Terrier is a companion and family dog breed. Originally bred to “bait”

Mass: American Pit Bull Terrier: 35 — 65 Ibs, Staffordshire Bull
bulls, the breed evolved into all-around farm dogs, and later moved ... .
Terrier: 29 — 37 Ibs

. L. . Life span: The average life span of the American Pit Bull Terrier
Vlsua"y similar Images ranges from 10 to 12 years. petwave.com



JPG martingale

Q Al [ Images O Maps  Shopping i More

About 3 results (0.18 seconds)

Image size:
1973 x 1895

No other sizes of this image found.

Possible related search: martingale

https://en.wikipedia.org » wiki » Martingale_(probabilit... v
Martingale (probability theory) - Wikipedia

X B Q

Tools

In probability theory, a martingale is a sequence of random variables (i.e., a stochastic process)

for which, at a particular time, the conditional ...

https://en.wikipedia.org » wiki » Martingale_(betting_s... v
Martingale (betting system) - Wikipedia

A martingale is a class of betting strategies that originated from and were popular in 18th-

century France. The simplest of these strategies was designed ...

() Visually similar images

My result for Warren (Spring 22

Martingale < ‘* m\
Collar \” ’f’

A martingale is a type of dog collar that provides more
control over the animal without the choking effect of a
slip collar. Martingale dog collars are also known as
greyhound, whippet or humane choke collars.
Wikipedia

Feedback



My result for Warren (Spring 23

Google &, Upload 5 0

& Find image source [

Pit bull American Staffordshire American Pit American

Staffordshire... Bull Terrier Bull Terrier Bully
Pit bull & Search
Dog

Visual matches

s s




My result for Billy (Spring 20+22

! JPG domestic short-haired cat X @B Q

Q Al [&JImages O Maps ¢ Shopping : More Tools

About 3 results (0.64 seconds)

Image size:
1763 x 1991

No other sizes of this image found.

Possible related search: domestic short-haired cat

https://en.wikipedia.org » wiki » Domestic_short-haired... v

Domestic short-haired cat - Wikipedia
Domestic short-haireds are the most common cat in the United States, accounting for around
90-95% of their number. ... Other generic terms include house cat and ...

https://www.hillspet.com » Cat Care: What's New? ~

Domestic Shorthair Cat Breed: Personality & Info | Hill's Pet

Animal Planet affectionately refers to Domestic shorthair cats as the mutts of the cat world
because they're a mix of various breeds, resulting in a vast range ...

CJ Visually similar images

4 gl L

Domestic «
short-haired
cat

P

A domestic short-haired cat is a cat of mixed
ancestry—thus not belonging to any particular
recognised cat breed—possessing a coat of short fur.

In Britain they are sometimes colloquially called
moggies. Wikipedia

Shorthair cat breeds View 45+ more

British American Persian cat Maine

Shorthair Shorthair Coon
Feedback



My result for Billy (Spring 23

Google

& Find image source | [4

Bicolor cat Black cat Domestic Polydactyl cat Manx Cat
short-haired...

Bicolor cat
Cat

G Search

Visual matches

Search Text Translate -
- ey, W "V U )




So cats vs dogs problem solved?




My result for modified Warren (Spring 20

GO gle JPG companion dog A Q

Q Al [JImages [8 Maps < Shopping  } More Settings  Tools

About 2 results (2.32 seconds)

Image size:
1973 x 1895

No other sizes of this image found.

Companion dog <

Possible related search: companion dog

Companion dog - Wikipedia A companion dog is a dog that does not work, providing only

https://en.wikipedia.org > wiki » Companion_dog ~ companionship as a pet, rather than usefulness by doing specific

A companion dog is a dog that does not work, providing only companionship as a pet, rather tasks. Many of the toy dog breeds are used only for the pleasure of

than usefulness by doing specific tasks. Many of the toy dog breeds ... their company, not as workers. Wikipedia

Best Companion Dog Breeds | Purina Companion dog breeds View 4+ more

https://www.purina.com > Dogs » Dog Breeds » Collections v
Whether you want a friendly face to come home to or the best companion dog breed for an

" |
elderly parent, get the complete list here. .

Pekingese  Yorkshire German Valley Borador

\/ienallv/ eimilar imanac Terrier Spaniel Bulldog



My result for moditied Warren (Spring 22

JPG martingale X @B Q
Q Al [&Images © Maps ¢ Shopping : More Tools

About 2 results (0.36 seconds)

Image size:

1973 x 1895

No other sizes of this image found. Martingale < .‘ \

Collar \ i
.“4",,

Possible related search: martingale g N
https://en.wikipedia.org » wiki > Martingale_(probabilit... v A martingale is a type of dog collar that provides more
Martingale (probability theory) N Wikipedia control over the animal without the choking effect of a

slip collar. Martingale dog collars are also known as
greyhound, whippet or humane choke collars.
Wikipedia

In probability theory, a martingale is a sequence of random variables (i.e., a stochastic process)
for which, at a particular time, the conditional ...

https://en.wikipedia.org » wiki » Martingale_(betting_s... v Feedback

Martingale (betting system) - Wikipedia
A martingale is a class of betting strategies that originated from and were popular in 18th-
century France. The simplest of these strategies was designed ...

(] Visually similar images
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My result for modified Warren (Spring 23

Google

@ Find image source [4

Pit bull American Exotic Bully Staffordshire American Pit American

Bulldog Bull Terrier Bull Terrier Staffordst
Pit bull G Search
Dog

Visual matches

Text Translate
—




My result for moditfied Billy (Spring 20

Go gle billy...fied-1.JPG fish B Q

Q Al @ Images (8 Maps O Shopping ¢ More Settings  Tools

About 2 results (1.40 seconds)

Image size:
1763 x 1991
No other sizes of this image found. H
Fish <
Animal
Possible related search: fish
Fish - Wikipedia Fish are gill-bearing aquatic craniate animals that lack limbs with

https://en.wikipedia.org » wiki » Fish v digits. They form a sister group to the tunicates, together forming the

Fish are gill-bearing aquatic craniate animals that lack limbs with digits. They form a sister group olfactores. Included in this definition are the living hagfish, lampreys,

and cartilaginous and bony fish as well as various extinct related
groups. Wikipedia

to the tunicates, together forming the olfactores. Included in this ...

Pet Fish for Sale: Tropical and Freshwater Fish | PetSmart Lifespan: Common carp: 20 years, MORE
https://www.petsmart.com » fish » live-fish v Phylum: Chordate
130 Items - Create or augment the perfect underwater community with our selection of Mass: Common carp: 4.4 — 31 Ibs, Northern pike: 34 Ibs, MORE

freshwater and tropical fish for sale.
P Encyclopedia of Life

. L. . Length: Common carp: 16 — 31 in., Siamese fighting fish: 2.8 in.,
Visually similar images MORE

> - | &) Speed: Ocean sunfish: 2 mph, Great white shark: 35 mph
q j Clutch size: Common carp: 300,000, Siamese fighting fish: 10 — 40



My result for modified Billy (Spring 22

JPG soft X B Q
Q Al [ Images © Maps  Shopping : More Tools

About 4 results (0.49 seconds)

Image size:
1763 x 1991

No other sizes of this image found.

Possible related search: soft

https://www.dictionary.com > browse » soft v

Soft Definition & Meaning | Dictionary.com
yielding readily to touch or pressure; easily penetrated, divided, or changed in shape; not hard or
stiff: a soft pillow. - relatively deficient in hardness, as ...

https://www.merriam-webster.com » dictionary » soft v

Soft Definition & Meaning - Merriam-Webster

Definition of soft ; pleasing or agreeable to the senses : bringing ease, comfort, or quiet ; b -
having a bland or mellow rather than a sharp or acid taste ; d ...

() Visually similar images




My result for moditied Billy (Spring 23

Google 2oupoad 3 @

& Find image source

G Search

‘ g |
Visual matches

Text Translate




How does Google Images work?
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When a new image comes in
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When an algorithm isn’t...

f‘ ; aa Suresh Venkat | Follow
&/ Oct2,2015 -5 min read ’ n 0]

The popular press is full of articles about “algorithms” and “algorithmic
fairness” and “algorithms that discriminate, (or don’t)”. As a computer
scientist (and one who studies algorithms to boot), I find all this attention

to my field rather gratifying, and not a bit terrifying.

What’s even more pleasing is that the popular explanation of an algorithm

follows along the lines of the definition we’ve been using since, well, forever

An algorithm is a set of steps (the instructions) each of which is simple and well

defined, and that stops after a finite number of these steps.

If we wanted a less intimidating definition of an algorithm, we turn to the
kitchen:

gS



AOC is right!

@ #MLKNow 2019 by Blackout for Human ... G ~»
Watch later  Share
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“Algorithms can be biased”

Correct for
modern
algorithms



Modern Algorithm = Machine Learning (ML)

Capture Process

+ Data Acquisition + Data Mining
Start with a . D.ata Entry . . Clustering/.CIassification
. » Signal Reception + DataModeling
Question - Data Extraction - Data Summarization

Maintain

« Data Warehousing
» Data Cleansing

+ Data Staging

« Data Processing

« Data Architecture

Communicate Analyze

« Exploratory/Confirmatory
« Predictive Analysis

+ Regression

« Text Mining

« Qualitative Analysis

« DataReporting

« Data Visualization

» Business Intelligence
» Decision Making




The Machine Learning Pipeline

]
And/or (e[ = Train the model

some data -

mm] | 1
=] | 1 |

(=

A
o
Start with Engineer the
a question system for

production use

Evaluate the model

Slide by Kenny Joseph



Back to cats vs. dogs

Start with a

Question

Collect data

Train model

Evaluate
model

Classify image
as cat or dog
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What is missing from this picture?

Start with a Evaluate

' |
Question | Collect data | Train model | model | Deploy!

Society




A real view of the ML Pipeline
[ ==T=)

Real world machine
] | learning can be
] | AA) Q\”W awesome, but there are a
|mm] | | T e \;%3*-';1-_,. lot of gotchas and
® e
:)mgﬂ . T
Lt

Slide by Kenny Joseph



Start with a AVZIEE

Question Collect data Train model model

natural language processing blog

Data
representation

Real world

goal

my biased thoughts on the fields of
natural language processing (NLP),

24 August 2016 computational linguistics (CL) and
related topics (machine learning,
math, funding, etc.)

Debugging machine learning
I've been thinking, mostly in the context of teaching, about how to specifically teach debugging Ta r86t
of machine learning. Personally | find it very helpful to break things down in terms of the usual About Me C| ass / mo de|
error terms: Bayes error (how much error is there in the best possible classifier), approximation = B hal

error (how much do you pay for restricting to some hypothesis class), estimation error (how
much do you pay because you only have finite samples), optimization error (how much do you View my complete

pay because you didn't find a global optimum to your optimization problem). I've generally found profile
that trying to isolate errors to one of these pieces, and then debugging that piece in particular
(eg., pick a better optimizer versus pick a better hypothesis class) has been useful.
For instance, my general debugging strategy involves steps like the following: Labels Traini ng data
1. First, ensure that your optimizer isn't the problem. You can do this by adding "cheating" acl (3) set
features -- a feature that correlates perfectly with the label. Make sure you can ACS ,(2)
advising (1)

successfullv overfit the trainina data. If not. this is probablv either an ontimizer nroblem or




What is missing?

Real world
goal

Real world
mechanism

Learning
problem

Society

Evaluate error

Data
collection
mechanism

Predict on test
data

Which data to
collect?

Model
training

Data
representation

Target
class/model

Training data
set




Not the only ML+society pipeline in town

INSIDE Al

Black-Boxed Politics:

Opacity is a Choice in Al Systems

, * Katarzyna Szymielewicz
| Jan 17 - 23 min read Yy i

Written by: Agata Foryciarz, Daniel Leufer, Katarzyna Szymielewicz

Illustrations by: Olek Modzelewski

Artificial intelligence captures our imagination like almost no other
technology: from fears about killer robots to dreams of a fully-automated,
frictionless future. As numerous authors have documented, the idea of
creating artificial, intelligent machines has entranced and scandalized
people for millennia. Indeed, part of what makes the history of ‘artificial

intelligence’ so fascinating is the mix of genuine scientific achievement with

mith_malzina and altricht Aarantinn



Not the only ML+society pipeline in town

DECISION-MAKING PROCESS

DATA
SCIENTIST
Feedback .

—)

Evaluation

Setting Eliciting Choosing

the main values and the most

objective preferences important
outcome

Updating Testing and Choosing Selecting
the model Calibrating a prediction a dataset
the system method
(a model)

AUDITOR USERS OF THE SYSTEM

SEEEEEEE




A walkthrough

DECISION-MAKING

AUDITOR

PROCESS

DATA
SCIENTIST

Feedback

—)

—)

Evaluation

Setting
the main
objective

Eliciting
values and
preferences

Choosing
the most
important
outcome

Updating
the model

Testing and
Calibrating
the system

Choosing

a prediction
method

(a model)

Selecting
a dataset

USERS OF THE SYSTEM

teERRARRYD

HUMAN DECISIONS THAT

Setting the main objective

SHAPE AN AI SYSTEM

(A

This dootston, made by the ownor of tho syston,

begtnning of a longer conversation.

Wo want to support patients with the greatest
health needs by enrolling them in dedicated
e pport prograns
We want to identify patients with medical

h treatment ie currentl

undor-resourced tn our hospital systen
(eg. eating aisorders)

Eliciting values and preferences

This stage can nvolve conversations with
various stakeholders who will b

1
ompeting objectives between stasholders.

The hosptal. anagonent 1o oao 0

Tesouress £ reploce existing services to

cut spanding, r e doctors srgue.that the
chould supplement extsting prograns

& patiant advscoou row warts the Tescuroes

%o support dicbetics and the elderly

Choosing the most 1mpgrtcnt outcome

(“optimisation logic”

In the world of data science, one camot
expect the system to achieve multiple diverse
obfectives at once - rather, a single outcons
hae to be defined.

At this stage of the conversation the owner

where trade-offs and dilemmis kick-in

only potients threatened with the most
onditions to be snrolled (no waste

of public resources) - we will prioritize

precision (ensuring all identified individuale
fterta)

Yo want to Ldentify all ptients who could
benaft

wial prt
@l 1ndividuols that may fit our criteria)

Selecting a dataset

I the roal worle, ascans to high-culity and

tion model.

Indeed, in any cases the data tht 1o vali-
able will deternine data scientist’s choic

o aptions for the mathematical interprete.
tion of the objeotive

Private electronio health records of the
& d, but thers are privacy
and data quality concorns.

Public datasets from other hos

for a nore diverse patient population
with 1o detatl

Chcoslng)a prediction method

(a mod

iiiing i i I e e

the outcons, have been se:
in provious steps.

This step involves formulating a loss func-
+

n be inpo: nt
Crrone are pot meskiy. tncunred iy minortey
populations)

Nodel
Logistic

Loss function
Standard ropy Joss with L regilar
Szation Cpusming the odel to drop.the
important s1ements of imput sonptates):

Mode1
A neural network - can sonetines produce nore
aceurate predictions, requires less data
but 1s not easily Interpreta:
generate counterintuitive predic.
tions that are hard to trace in sone cases.

Loss function

ard cross-entropy loss modified to i

o Tt ceteaint, Snebeing vy sukes ot
prediotions for men and wonen

Testing and Calibrating the system

(F]

The model has to be tested, using training

tupe of error happened after
eploument

This step may or may not include consul-
tations with the system ower and other
stakeholders

Asking tne following qusstions:
- How often 1s our systen correct?

What tyes of people does 1t recomend for
he progran? Ts this consistent with our
oxpectations?

~Who £s not included in prediotions?
Does the systen recomnend different popul
tions (men and women, majority and minority
aroups) at simtlarly high rates?
- Ave there any groups that are only classifed
after exhibiting much higher need
than other groups?
- Based on our anewers, Le the systen fulfll
1ng 1ts destred goal? To what extent?

Updating the model

(a]

If the tast results are not satisfactory,
this s tho signal to redosign ono or moro
components of the systen. The decision
regarding uhich component to update and how
1 most often controlled by the data scien-
tist alone.

add data from another hospital to include
patients with moro diverse socioocononic
baokground

Let's change our most preferred outoome

Let’s add mathenatical constraints in order
to change model behavior

Let's rethink the main objectivel

Evaluating before deployment

T deetston to evalusts the susten in
onditions bafora its deploument
12 not anligetons. Tn e absence of seguis-
tion, 1t 1 usually data sotentists (rather
e wnsther and
. on their omn assump-
t1ons regarding mhat the systen should do
or shouldn’t do.
By contrast, in nore nature enginesring
flelds, such as ciuil engineering, there is
 mell-defined set of required tests and
meacuranents that have to ba raported for
a systen

Asking tne following questions.
- Doas the modsl perform as well in the new
context as it did when we bULLE it on our

orm with regard

age)
it the users see which

ton
- Ie there any undesirable behavior we haven'
antictpated?
How does the model compare to human
dacisions? How is it different?




Real world

A walkthrough

Real world
goal mechanism

Data
collection
mechanism

Learning
problem

After the

break!

Predict on test

Evaluate error
data

Which data to
collect?

Model
training

Data
representation

Target
class/model

Training data
set




Delray Beacho l47'

(27} 0
Boca'Raton
. | Everglades Fort
75 d Erancis  Lauderdale
COMPAS (software) i Lauceial
wildlife.. SR

From Wikipedia, the free encyclopedia

Map data ©2020 Google, INEGI

aem L .5.»-,*; -~

Broward Count

County in Florida

COMPAS, an acronym for Correctional Offender Management Profiling for Alternative Sanctions, is a case manag '
Equivantz) used by U.S. courts to assess the likelihood of a defendant becoming a recidivist.[1]2]

COMPAS has been used by the U.S. states of New York, Wisconsin, California, Florida's Broward County, and oth

Contents [hide]
1 Risk Assessment Broward County is a county in southeastern Florida, US. According
= e il to a 2018 census report, the county had a population of 1,951,260,
St Lo making it the second-most populous county in the state of Florida
i (R LRI and the 17th-most populous county in the United States. The county
D EHDED seat is Fort Lauderdale. Wikipedia
6 References

Incorporated cities: 24

. Population: 1.936 million (2017
Risk Assessment [edit] P (2017)

Mayor: Mark D. Bogen
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Machine Bias

There's software used across the country to predict future criminals. And it's biased
against blacks.

by Julia Angwin, Jeff Larson, Surya Mattu and Lauren Kirchner, ProPublica

May 23, 2016




A sample of their result

Black Defendants' Risk Scores White Defendants’ Risk Scores

Risk Score Risk Score




38 FEDERAL PROBATION Volume 80 Number 2

False Positives, False Negatives, and False
Analyses: A Rejoinder to “Machine Bias:

There’s Software Used Across the Country
to Predict Future Criminals. And It’s Biased
Against Blacks.”

Anthony W. Flores

California State University, Bakersfield

Kristin Bechtel

Crime and Justice Institute at CRJ

Christopher T. Lowenkamp

Administrative Office of the United States Courts
Probation and Pretrial Services Office






A walkthrough

: Dat :
Real world Real world Learning coIIeactaion Which data to Data

goal mechanism problem ) collect? representation
mechanism

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.

Predict on test Model Training data
data training set

Evaluate error




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

Real world Real world

goal mechanism

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.



Learning problem ——

might not be

obvious in other
scenarios!

Real world Real world Learning

goal mechanism problem

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.






