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Common questions in public health where machine
learning (ML) can help drive more informed decisions
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Where do | need to redirect

vaccine to address the increase

in cases across the country?
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Which risk groups to

target given limited

resources?
\_ J
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disease?

What population has the
highest risk factors for a
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When will this outbreak peak
in my at-risk population??
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What is the likelihood of severe
illness or death among

vulnerable populations?
\_ /




ML provides repeatable value

Process and More Users/Usage

Delivery Improvements Having more users or more

data for your current users to
consume

ML powered insights and applications
improve decisions and lead to better
public health outcomes

Machine Learning
Data Flywheel

Better ML Applications

With more data available,
there are more use cases and
insights that ML can provide
valuable impact

Building more models to solve more
use cases and improving the existing
models accuracy
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Data science resources are a limiting factor

Machine Learning

Data Flywheel
The Bottleneck

Building better ML applications can be

the bottleneck because:

» Data Science talent is expensive to scale

* Friction points in the Machine Learning
journey

» Robust data is not available
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How ML drives value creation today

Forecasting

Prediction Conversion

Prioritized = — | | . . _Ig A

Use Cases ~ :=:{C,§} ’ ? 8
Step

Epidemiologists, Biostatisticians, Data Biostatisticians, Data ML Engineers, Biostatisticians,
Owner Biostatisticians, Domain Analysts and Data Scientists, ML Engineers Epidemiologists
Experts, and Data Analysts Scientists
dh
Usually takes from weeks to months primarily
solving for the prioritized use cases
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Typical steps in an ML process
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: Data preparation >> Train and tune >> Deploy and manage >:
I I
I I
@ o ® @ (N . @ @ @ @ @—
: Inspect Feature- Built-in Train/ Select & Train & Optimize Calculate Host Compute Predictor :
| data;  specific data sets test tune optimize ensembled accuracy trained & host  monitoring |
1 fill imputation (weather/ split hyper- multiple model metrics, models inference 1
: missing holidays) parameters base for each explainability :
: rows models time series impact scores :
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How can you scale ML value creation?

Expand Your ML Development Team
‘— Grow your technical teams in proportion of annual compound the demand growth
your needs, but ML talent is in high demand growth in past 4 of any other
years emerging job role
Enhance ML Team Productivity Enable
‘— Leverage low-code / no-code tools that
make data science teams more productive capabilities
Democratize ML Innovation Empower
‘— Enable more groups of people, including
data analysts to build ML models with a dedicated easy-to-use workspace
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Challenges analysts face in building ML solutions

=

Need to build understanding for ML
concepts across data preparation,
model development, and
optimization

Need expertise in choosing the right
combination of feature engineering,
type of model, and optimization
technique

Learning to write or decipher code is
usually needed
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Analysts prefer to partner with data
scientists in order to learn and build
trust in the process, but data
scientists time is limited and typically
devoted to a few key ML projects

Analysts need to be able to explain
ML model predictions to leadership

Many no-code ML options lack code-
level transparency making it difficult
to inspect and productionalize
models

The UX for analysts and data
scientists tends to be the same,
requiring analysts to know the ML
concepts and jargon

Frequently, no-code ML tools come
with upfront costs, so even
experimentation requires investment



New technologies are helping to democratize ML

S Taking ML mainstream

4
4
/ . . e
/ Biostatisticians,
/ Epidemiologists,
/ Data Analysts

- @  Easing ML adoption

VALUE
G
()
\
\
\

/ .
Data Scientists & P Data Engineer, Data
Researchers = Scientist & ML Engineer
7’
_@~ Building ML technology
L~ —
2010 PRESENT
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Keys to unblocking the analyst

S
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Analysts lack ML expertise, Agencies need transparency
and upskilling is hard and validation from experts

No-code is the future hz Seamless collaboration

In a June 2021 report, Gartner
found that by 2024, 80% of tech
products and services will be

built by people who are not Biostatisticians, Data Engineer, Data Scientist

tech'nolog.y professionals Epidemiologists, & ML Engineers
https://gtnr.it/3wOglym
Data Analysts
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Our model for ML-driven forecasts and analyses

Accelerate Data Science Teams Enable Non-Technical Users

Do more with your current team Give leaders and data analysts the
by using low-code machine ability to do ML without any code,
learning tools in order to scaling the number of people
get to the desired who can create ML powered
outcomes faster insights, forecasts,
and predictions

Collaborate together

Amazon SageMaker Low Code / No Code ML has several points of collaboration making it easy
for analysts to use data scientist models or for data scientists to make changes on the models
analysts build.
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Realizing ML vision using Amazon SageMaker

A A

Epidemiologists,
Data Scientists and
Researchers

ML Engineers and
Biostatisticians

Want to develop, deploy the best performing
model, monitor performance and data

A

Data Engineers
and Scientists

Need single pane of

glass to manage

Data Analyst

Need easy way to
translate domain

governance data and ML -kn'owledge to
predictions and insights
AKER
VAS
Label Prepare Store Detect Build with Train Tune Deploy in Explain Manage
data data features bias notebooks models parameters production predictions & monitor NEE
< Cl/CD No-code ML
—> for data
Model Hub Low-code Data — AutoML D

Preparation
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2-Way Collaboration

New ML Developers

Need ready-to-use
ML development
environment

KER
LAB

Learn
ML




AWS low code / no code (LCNC) ML ecosystem

Non-technical :

Users

-

Data Scientists

and

Developers
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Amazon SageMaker Canvas

-----------------------------------------------

A visual interface for data analysts to generate ML-powered predictions — without requiring
any machine learning experience or having to write a single line of code.

Classifications Regressions

Amazon SageMaker Studio

A dedicated workspace for data scientists, developers, and data engineers
to collaborate and bring ML to market faster

-------------------------------

DETERWTET ] (T

A faster, visual way to aggregate and prepare data for machine learning

Autopilot

AutoML to automatically prepare your data, and build, train, and tune the
best machine learning models for your tabular datasets

JumpStart

Pre-built solutions and a model zoo of pre-trained and easily tunable state-
of-the-art models for Computer Vision, and Natural Language Processing

--------------------------------------------------------------------------------------------------------
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Time-Series Forecasts

-----------------------------------------------------------------------------------------------------------------------------------------------------

Deployment

Many deployment options in SageMaker
Model governance '
Production workflows
Monitor & adjust

Integration with data layers and Bl tools
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B= An official website of the United States government Here's how you know -

HealthData.gov
Home Page Browse Support v Health Equity DataJam ~ GOYomn «~ @

We're going
to forecast

COVID-19 Reported Patient Impact and Hospital Visulize v | Export | apl

o n - h a n d Capacity by State Timeseries
inventory of

Hospital

The following dataset provides state-aggregated data for hospital utilization in a timeseries Updated
February 15, 2023

[
format dating back to January 1, 2020. These are derived from reports with facility-level
e ra p e u I c S granularity across three main sources: (1) HHS TeleTracking, (2) reporting provided directly to Data Provided by

HHE Pratect by statefterritorial health denartments on hehalf of their healtheare facilities and U.S. Department of Health & Human

for COVID-19

Featured Content Using this Data

COVID-19 Reported Patient K
Impact and Hospital Capacit...

External Content

K
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Self-service
access to an
analyst-
friendly tool
for Machine

Learning,
outside of the
AWS console
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Amazon SageMaker Canvas



e < 0 sagemaker aws/canvas/ [u] jual =

We could X
combine O o W s S R
d at as ets cst name G conext -

from various S

sources like . —
AWS storage,
a n d ' E tablel

d a ta b a S e S' Import preview ® showdropped columns A

a¥e

19
i

wutosaved 8/9/21 at 11:34 AM Edit in SQL

schema2

S n owfl a k e Sold ABC Region ABC Discount 123 Fabric ABC Age 123
' Yes Southwest 23 Cotton 27
O r O u r lo ca l Yes Southwest 23 Silk 35
y Yes Southwest 23 Silk 32
[ ] .
Yes Southwest 23 Silk 32
r I v e Yes 25.99 Southwest 23 Cotton 30

Previewing the first 100 rows Close Import data
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@ e M@+~ < 'j seg d-f8snwimuagog.studio.us-east-1.sagemaker.aws d'l ar @

[ 1sengard [ Amazon SageMaker ) sageMaker Canvas

Create a
model

COVID-19_Reported_Patient_Impact_and_Hospital_Capacity_by_State_Timeseries_therapeutics_on_hand_reduced(1).csv Previewing first 100 rows, +

previous_day_... previous_day_... total_adult_p... total_adult_p... deaths_covid on_hand_sup...

We are
uploading
the datase
as-is with a

11121 2 1%
1121
1121
11121
11121
11121
11121

i1

reduced se
of features
and rows

121

1121

121

121

11121

i1

1121

1121

121
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L e M~ < U L § d-f8snwimuagog.studio.us-east-1.sagemaker.aws [ﬁ 4

Isengard Amazon SageMaker ’ SageMaker Canvas
Amazon SageMaker N
P ? Models Q +  New
Canvas
Bl crid List
(‘) Models

Create = o L
multiple

models on the
same dataset

Therapeutics on hand 2023-2-16 ICU bed utilization by state 2023-... Critical_staffing_shortage 2023-...

to compare o o oo

Dataset Dataset Dataset
a ‘ ‘ u | a ‘ y Target on_hand_supply_therapeutic_a... Target adult_icu_bed_utilization Target critical_staffing_shortage_teda..
Problem . . Problem . Problem . .
Time series forecast Time serles forecast Time series forecast
S c O r e S - - N
Updated 2023-2-16 4:05 PM Updated 2023-2-14 8:36 PM Updated 2023-2-14 3:40 PM

® Help . - -
View . View H View H
—)I Log out
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Target calumn

®

Visualizations

Visualization

Explore and
visualize

"

your data to R
ain insights
into your o
data before B
uilding ML |
models
2

M Total columns: 10

>
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Analytics

COVID-19_Reported_Patient_Impac...
Visualization sample: 2.0k rows 4

d-f8snwimuagog.studio.us-east-1.sagemaker.aws [ﬁ +
- To see a recommended model type, specify a value for the
target column.
1
= M Y Q = :0 Extract = Remove rows by < Replace 2 Functions il, Data visualizer ¥
states vs. on_hand_supply_therapeutic_a_casirivimab_imdevimab_courses
on_han... (SUM) - I I
N *
@R F PSS Y E
states -
Groupby ®  Drop column here Stack by @  Drop column here
57788  Hi Total cells: 577,880 Show dropped columns




Explore and
visualize
your data to
gain insights

into your
data before
building ML
models
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@ on_hand_supply_therapeutic_a_casirivimab_imdevir

COVID-19_Reported_Patient_Impa...

Random sample: 20.0k rows —
Visualizations Analytics
Analytics v
states
Correlation
matrix previous_day_._.
Columns | All -

previous_day_...

Q
states

previous_day_admissi,.,

total_adult_pat...

total_adult_pat...

(<)

previous_day_admissi.., deaths_covid

total_adult_patients_h._.

previous_week._.

{8} on_hand_s.
deaths_covid

on_hand_sup... Targat

nravinie wsal tharan

total_adult_patients_h._.
L /]
iz

Correlation matrix +

otal columns: 8 = Total rows: 41,342
m o ) =T

& d-fBsnwimuagog.studio.us-east-1.sagemaker.aws

9 Time series forecasting

1 L]

=K

Correlation Matrix

1.00

1l: Data visualizer ¥

1.00

0.50

0.00
0.50

1.00

5 A
5 I
e o
& o
q o

Filter correlations @

I
-1.00

Ma
1.00

Carrelation type (7)

Spearman & Ml

Visualize by

(® Numeric
O size

Calor salection

OF I |
Omm
o) B |



Get ready to
build the

model
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Therapeutics on hand - standard 2023-2-16

Select Build Analyze Predict

Select a column to predict

3 lui
®  on_hand_supply_therapeutic_a_casirivimab_imdevimab_

uild predicts values fol Sagehake

d-f8snwimuagog.studio.us-east-1.sagemaker.aws

Model type

®  Time series forecasting

Your model will forecast
on_hand_supply_therapeutic_a_casirivimab_imdevimab_courses

I.-_________________
0.00 9684.40

COVID-19_Reported_Patient_Impa...
Random sample: 20.0k rows

=my Q=

adult_patients_... 123  states Abc  previous_week_thera.. 123

5097.38 gories 0.00 136829
NY 70
KY 26
1A a
ME 2
M3 a6
BA 5
™ a
MN a
La 64
ND 13
Wi 3

previous_day_admiss... 123

Q.00 441.58

216
106
22
23

56

by using past data values to predict future data values.

previous_day_admiss... 123

0.00 626.88
986

460

ar

50

180

620

365

112

268

h + O

@ Add version m @ :

Vi e Ready

Preview model

1l Data visualizer A

123 on_hand_supply_ther... X

on_hand_supply_ther... 123 & Statistics

Data quality

Illl--..---....---.. Missing values 366
0.00 9584.40 .
Mismatched data types a
2162
valid values 19,709
243
Distribution
4
22
145
2091
203
8 Unigue values 5,183
Mode 0.0
810
Standard deviation 2522 871057
76
1880




Automatically
build an
accurate

ML model for
your dataset
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Time series forecasting configuration

Choose the column that uniquely identifies the items in your dataset@
Ite:

states

Optional- Choose a column that groups the forecast by the @
values in the column.

Choose the column that contains the time stamps.

amp column

date -

Specify the number of Days you want to forecast into the future.@

(For Quick Build, Days should be at least 1 and at most 30)

Da

30

You can use a holiday schedule to improve your prediction accuracy.@

@@ Use holiday schedule

rC y for holidays ——M8 ———




Get the first
ML model in
minutes.
Review
advanced
metrics and

feature
importance
to
understand
and explain
predictions.
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Therapeutics on hand - standard 2023-2-16

Select Build Analyze

@ Mo issues have been found in your dataset

Select a column to predict

for the column tt

@ on_hand_supply_therapeutic_a_casirivima...

-

0.00

COVID-19_Reported_Patient_lmpa...

Random sample:  20.0k rows
Column name } Data type
total_adult_p... Numeric
total_adult_p.. Numeric
slates Item I Categorical
previous_wee_, Numeric
previous_day... Numeric
previous_day., Numeric
@ an_hand_supply_thera Target Numeric
deaths_covid Numeric
date Timestamp Datetime
Il Total columns ) = Tot

9584.40

=my Q=

Predict

Model type

® Time series forecasting

Your model will forecast

%] -

Quick build -

Preview model

on_hand_supply_therapeutic_a_casirivimab_imdevimab_courses
by using past data values to predict future data values.

Configure time series model

Missing ®

Mismatched @

0.00% (0) 0.00% (0)
0.00% (0) 0.00% (0)
0.00% (0) 0.00% (0)
1E2% (365 0.00% (0)
0.00% (0) 0.00% (0)
0.00% (0) 0.00% (0)
182% (266 0.00% (0)
1.88% (378) 0.00% (0)
0.00% (0) 0.00% (0)

Change type

Unique @

3,444

3,671

a70

5183

226

il Data visualizer -3 . ; —
¥ Preview model © X

Mean [ Mode Feature importa

Estimated Avg. wOL @

0 0500127 0 13
.

0 1.497206
FL
0 1263391

Show more metrics
0 1812399
0 1038408 )
- Column impact @
0
o 4417197

deaths_caovid
2021-02-16 00:00:00 4,417

previous_day_admission_adult_covid_susf
I 1.812

total_adult_patients_hospitalized_confirmi



Let’'s look at

some results
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Therapeutics on hand - standard 2023-2-16

Select Build Analyze Predict

Predict target values

1. Review
Current dataset prediction range: 2023-02-09 00:00:00 - 2023-03-11 00:00:00 cChange dataset

Sageddaker Canvas makes predictions on the data at the end of your dataset.
If you have more recent data, you can retrain the model on a newer dataset.

2. Choose the prediction type

tems Single item

Modify values to predict on_hand_supply_therapeutic_a_casirivimab_imdevimab_courses in real time.

- Historical Demand - Forecast upper bound -

256.695

ForecastedValue

U Lo ] d-fB8snwimuagog.studio.us-east-1.sagemaker.aws

V1 ®Ready emw

@ Add version

"= Filter

~;




Share ML
models with
data
scientists for
review and
update so you
can generate
predictions
on new
model
versions
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d-f8snwimuagog.studio. maker.aws

ﬁ}} Amazon SageMaker Studio File Edit View Run Kernel Git Tabs Settings Haln A O jane / Personal Studio

. - b J. View shared model
" N e m———— Canvas user henrik hasshared sm-uzvvi... with you. b'e L
ome

DELE]

I m p 0 rt M L Sutat » Therapeutics on hand - standard 2023-2-16 V1 Share feedback

Experiments

models built
and trained "

15_Reported_Patient_Impact_and_Hospital_Capacity_by_State_Timeseries_therape
Models

Model details

anywhere an
Manage mode Performance metrics
This model was created using an ensemble of algorithms including CNN-QR, DeepAR+, ARIMA, Prophet, ETS, and NPTS. See documentation to learn

generate
AOE Average wQL waL [P90] wQL [P50] waQL [P10]
0.146 0.081 0.206 0.149

(4 [ s 8
| e I ct I o n S Inference compiler
‘Weighted Absolute Percentage Error Root Mean Squared Error Mean Absolute Percentage Error Mean Absolute Scaled Error

Optimize trained

directly in

*ackage models for

0.206 153.772 0.564 4,423

edge devices Feature importance

SageMaker

Amazon SageMaker Studio helps you understand your machine learning model by portraying the importance of its features in terms of
SageMaker SHAP values. We plot the aggregated SHAP value for each feature across all instances of the dataset.

Canvas =

Learning
resources

Features increasing target forecast

deaths_covid
sion_adult_covid_confirmed

smpe@ ) oMo @& © Shared models: Canvas 0 [}
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Predicted Cancellations Predicted Revenue Lost Percent of Total Revenue At Risk (by state)

Run what-if Foms o

scenarios, '
get
predictions .

320 (89%)

o
Group By: Cancelled
Group By: Cancelled Size: BaseFee (Sum)
d a t a S e t’ O r Predicted Customers Most Likely to Cancel

State PlanType Usage Vancouver
ol AL Annual Contract
u I One-time Purchase
One-time Purchase - Toronto
o [} One-time Purchase Chicago
Monthly Auto-Renew
redictive

One-time Purchase

New York

Los Angeles

At Risk Revenue By State

One-time Purchase Los Angeles
ashboards

One-time Purchase

One-time Purchase

One-time Purchase

One-time Purchase
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Opportunities for making better decisions in public health

-y

Health outcomes

* Improve diagnostics

 Early detection for faster
intervention

* Disease risk prediction
* Decision support
» Health risk prediction

aws
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Public health

 Surveillance and detecting
adverse events

Advancing health equity

* Analyze large volumes of
data

* ldentify health trends

 Provide situational
awareness

> MEDIC

Response readiness

« Demand forecasting

« (Capacity forecasting
* Inventory efficiency
* Predictive quality

« Scenario modeling

and many more...



Interested in learning more about how no-code ML can
drive forecasting and analytics?

gemminll Visit our Amazon SageMaker Canvas
=8 site to find out more

FrE(E) Get started with Amazon SageMaker
sa%: 0 machine learning tutorials
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Thank you!

Dan Sinnreich
dansinnr@amazon.com
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henballe@amazon.com



