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README.md

Accelerate data preparation using Amazon SageMaker Data
Wrangler for Diabetic Patient Readmission Prediction

Patient readmission to hospital after prior visits for the same disease results in additional burden on healthcare providers, health system
and patients. Machine Learning (ML) models if built and trained properly can help understand reasons for readmission, and predict
readmission accurately. ML could allow providers to create a better treatment plans and care which would translate to reduction of both
cost and mental stress for patients. However, ML is a complex technique that has been limiting organizations that do not have the
luxury to recruit a team of data engineers and scientists to build ML workloads. In this example, we show you how to build a machine
learning model to predict diabetic patient readmission easily and quickly with a graphical interface from Amazon SageMaker Data
Wrangler.

Amazon SageMaker Data Wrangler is an Amazon SageMaker Studio feature designed to allow users to explore and transform tabular
data for machine learning use cases without coding. Amazon SageMaker Data Wrangler is the fastest and easiest way to prepare data
for Machine Learning. It gives you the ability to use a visual interface to access data, perform exploratory data analysis (EDA) and
feature engineering. It also seamlessly operationalizes your data preparation steps by allowing to export data flow into Amazon
SageMaker Pipelines, Amazon SageMaker Data Wrangler job, Python file or Amazon SageMaker Feature Store.

Amazon SageMaker Data Wrangler comes with over 300 built-in transforms, custom transformations using either Python, PySpark or
SparkSQL runtime. It also comes with built-in data analysis capabilities for charts (eg, scatterplot or histogram) and time-saving model
analysis capabilities such as Feature importance, Target leakage and Model explainability.

In this step-by-step example, you will be running machine learning workflow with Amazon SageMaker Data Wrangler and Amazon
SageMaker features using a HCLS dataset.

Here are the high-level activities:

1. Load UCI Source Dataset into your S3 bucket
2. Design your DataWrangler flow file
3. Processing & Training Jobs for Model building

4. Host trained Model for real-time inference

1. Source Dataset

UCI diabetic patient readmission dataset. The dataset represents 10 years (1999-2008) of clinical care at 130 US hospitals and
integrated delivery networks. It includes over 50 features representing patient and hospital outcomes.

You will start by downloading the dataset and uploading it to a S3 bucket for you to run the example. Please review and execute the
code in datawrangler_workshop_pre_requisite.ipynb. The data will be available in
s3://sagemaker-${region}-${account_number}/sagemaker/demo-diabetic—datawrangler/ if you leave everything default.

2. Design your DataWrangler flow file

Data Wrangler flow overview and highlights

This project comes with a pre-built Data Wrangler flow file that can be customized with your s3Uri for reusability:
datawrangler_diabetes_readmission.flow.
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Data flow

Choose the plus sign to add a step to the flow. Select a step to modify.

Source - sampled DEERY Join Steps (22)

m
0 #.# o ——e 0D e '3 </) o

S3: Transform: 1st Join
diabetic_data_hospital_visits.csv diabetic_data_hospital_visits.csv

Source - sampled Data types
S3: Transform:
diabetic_data_demographic.csv diabetic_data_demographic.csv

Source - sampled Data types

r;é| = o #.80 4+

53: diabetic_data_labs.csv Transform:
diabetic_data_labs.csv

It has multiple files from S3 loaded in: diabetic_data_hospital_visits.csv, diabetic_data_demographic.csv and
diabetic_data_labs.csv for demonstration. It performs a inner join between the tables in diabetic_data_hospital_visits.csv and
diabetic_data_demographic.csv by encounter_id . It has 28 transformation steps applied to process the data to meet the following
requirements:

¢ no duplicate columns

* no duplicate entries

¢ no missing values (either fill the missing ones or remove columns that are largely missing)
¢ one hot encode the categorical features

¢ ordinally encode the age feature

e normalization (Standard scaler)

e Custom Transformation (Feature Store - EventTime needed)

¢ Analysis (Quick Model, Histogram)

e ready for ML training (Export notebook steps)

These are analyses created at different stage of the wrangling to serve as indication of the value these wrangling steps add. Most
noticeably the Quick Model tells us that patient readmission prediction increases F1 score after performing transformation steps
between 1 and 28 (in datawrangler_diabetes_readmission.flow). Data Scientists can use Quick Model analysis to perform iterative
experimentation leading to efficient feature engineering for ML.

In this lab, we will perform data preprocessing using a combination of transformations described below to demonstrate the capability of
Amazon SageMaker Data Wrangler. We will then train a XGBoost model to show you the process after data wrangling. We will then be
hosting a trained model to SageMaker Hosted Endpoint for real-time inferencing.

Walk through

Create a new flow
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Please click on the SageMaker component and registry tab and click New flow.

&5 Amazon SageMaker Studio File | Edit View Run Kermel Git Tabs Settings Help

+ B 1] r New == Console @
.

B / data-wrangler-h! gpost / Ne lLauncher 1 ¥ Data Wrangler Flow

Notebook

Terminal

= Text File

Name - Op 1f§m Path...

Markdown File

Clo:e Tab A Experiment
Close and Shutdown & Model group
Close All Tabs

ok

‘erminal
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Export Notebook As... and files

ontextual Help

Log Out

Shut Down

5 B o @ Gitrefreshing..

Rename your DW dataflow file

Right click on the untitled.flow file tab to reveal below options. Then choose Rename file to change the file name.
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+ [ +] A| diabetes_datawrangler_dema X Readme.md ¥ | M untitled.flow

Untitled Folder 2
-/ LT Import Prepare Analyze Export
Name Last Modified

R untitied.flow a minute ago |I'I'Ip0l't data

Select one of the following data sources or upload a file to import a dataset.

ﬁ. Amazon S3 Amazon Athena

Add data source

Rename File

File Path
Untitled Folder 2/dw-workshop.flow

New Name

dw-workshop.flow

Load the data from S3 into Data Wrangler

Select Amazon S3 as data source in Import Data view.
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¥ dw-workshop.flow X

Import Data Flow Export

Import data

Select one of the following data sources or upload a file to import a dataset.

@ Amazon S3 Amazon Athena

Note: You could also import data from Athena: how databases and tables in Amazon Athena can be imported.

Select the csv files from the bucket: s3://sagemaker-${region}-${account_number}/sagemaker/demo—diabetic-datawrangler/ one at
a time.

¥ dw-workshop.flow

{ Back to Impert DETAILS

Name

Import a dataset from S3

Enter the 53 URL of a file or prefix (folder) in the text box, or use the following table to browse 53

diabetic_data_demographic.csv

File type
csv
Q
First row is header

S3 / sagemaker-us-east- / sagemaker / demo-diabetic-datawrangler / dataset_diabetes

+ Advanced configuration
Object name Size Last modified

Enable sampling
B diabetic_data_demographic.csv 4.44MB 2021-07-12 18:09:53+00:00

diabetic_data_hospital_visits.csv 6.67MB 2021-07-12 18:09:54+00:00 D ey

]
B diabetic_data_labs.csv 2.75MB 2021-07-12 18:09:54+00:00 FHELAES
]

diabetic_data_medication.csv 9.73MB 2021-07-12 18:09:55+00:00

Displaying 1- 4

Preview (first 100 rows shown)
diabetic_data_demographic.csv

encounter_id patient_nbr race gender
2278392 8222157 Caucasian Female
149190 55629189 Caucasian Female

Join the CSV files

1. Click the + sign on the Data-types icon for diabetic_data_demographic.csv Select Join and new panel is presented for
configuring input dataset join.
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¥ dw-workshop.flow °

Import Data Flow Export

Data flow

Choose the plus sign to add a step to the flow. Select a step to modify.

Source () Data types ()

T Tl

Transform:

cI|ahetlc_data_demographlc.csv diabetic_da
Add transform

Edit data types

Source &) Data types Add analysis 2

+ Fél ) o #.# 0

S3: Transform:
diabetic_data_hospital_visits.csv diabetic_data_hospital_visits.csv

Concatenate

2. Select diabetic_data_hospital_visits.csv dataset as Right dataset.

3. Click Configure to setup Join criteria.
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Data flow [ Join
Join

Datasets

W Left
Transform: diabetic_data_demographic.csv

Right
Transform: diabetic_data_hospital_visits.csv

1. Select datasets

Select the dataset for the Right
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53
diabetic_data_demographic.csv

Source ()

‘e

53:
diabetic_data_hospital_visits.cov

Transform:
diabetic_data_hospital_visits.csv

4. Give a name to the Join and choose join type and Left & Right columns for join condition

5. Click Apply to preview the joined dataset and Add for the previewed join configuration to be added to the data-flow file.
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Yo dw-workshop.flow

Cancel

2. Configure

Datasets Preview
Left INPUT INPUT

Transform: diabetic_data_demographic.csv B Left Right

Right Transform: diabetic_data_demographic.csv Transform: diabetic_data_hospital_visits.csv

Tran=form: diahetlc_cata hosphal vkt cov encounter_id (long) patient_nbr (long) encounter_id (long) patient_nbr (long)

:ﬂ::: R 2278392 8222157 2278392 8222157
demegraphics_hospitalvisits_join 143130 53629189 143130 35629189

- 64410 86047875 64410 26047875
Optional

Join Type 500364 82442376 500364 82442376

Select the join type 16680 42519267 16680 42519267
(&) Inner

Columns

35754 82637451 35754 B2637451

) 55842 84259809 84259809

Select Left and Right to join

Left Right == TTemnTen s : Somomens
encounter_id encounter_id OUTPUT

N Joined dataset
demographics_hospitalvisits_join

encounter_id_0 (long) patient_nbr_0 (long) race (string) gender (string) age (st
Caucasian Femnale [O-10)
Caucasian Female [10-2(
AfricanAmerican Female

Caucasian Male [30-4

Built-in Analysis

Before we apply any transformations on the input source, let's perform a quick analysis of the dataset. SageMaker Data Wrangler
provides number of built-in Analysis types like Histogram, Scatter Plot, Target Leakage, Bias Report & Quick Model. You can
find all analyses types documentation under SageMaker Data Wrangler Analyses.

Target Leakage

Target leakage occurs when there is data in a ML training dataset that is strongly correlated with the target label, but is not available in
real-world data. For example, you may have a column in your dataset that serves as a proxy for the column you want to predict with
your model. Data Wrangler calculates the predictive metric of ROC which is computed individually for each column via cross validation
to generate Target Leakage Report.

1. Click + sign next to Join flow icon and choose Add analysis
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Data flow

Saurce
Bl - ou.Eo o D o
hespital_dempgraphic join

53 Trarsform:
diabetic_data_hespital_visits.cov dishetic_data_hospital visitxcsy Add transform

Saurce Data types

o Hls
Join

sz
disbetic_data_demographic csv

Concatenate

ey

$3: diabetic_data_tabs.csu

2. Select Target Leakage from the list of Analysis type drop down on the right panel.
3. Give a name to your analysis and specify Max features as 50 , Problem Type as classification and Target as readmitted .
4. Click Preview to generate below report.

X dw-workshop.flow

¢ Back to data flow

Join - demographics_hospitalvisits_join

Analysis

Configure

number_jnpatient Interpretation of predictive ability
discharge dispasivon 1
patient_nbr_1 © target lekoge
patient_nbr_0 ® ikely target leakage CETESTD
e L] @ possiviy target leakage
tme._in_hospital sale
Lt possibly redundant

Target Leakage

Alimit of 100,000 raws is used for this analysis.
number_smergency Analysis name
‘gender
age N
number_outpatient Readmission-Target-Leakage
ace
admission_type_ i3 Optional
num_lab_procedures
weight
encounter_id_1 Max features @
encounter_id_0
e arTwrT 50
0001 02 03 04 05 08
Predictive Ability

Optional

Problem Type @
classification

Data table
Target @

encounter_id_0 patient_nbr_0 race gender age weight encounter_id_1 patient_nbr_1 admiss
readmitted

2278392 8222157 Caucasian Female [0-10) ? 2278392 8222157

149190 55629189 Caucasian Female [10-20) ? 149190 55629189

64410 86047875 AfricanAmerican Female [20-30) ? 64410 86047875

500364 82442376 Caucasian Male [30-40) ? 500364 82442376

16680 42519267 Caucasian Male [40-50) ? 16680 42519267

35754 82637451 Caucasian Male [50-60) ? 35754 82637451

63768 114882984 Caucasian Male [70-80) ? 63768 114882984
12522 48330783 Caucasian Female [80-90) ? 12522 48330783
15738 63555939 Caucasian Female [90-100) ? 15738 63555939
28236 89869032 AfricanAmerican Female [40-50) ? 28236 89869032
36900 77391171 AfricanAmerican Male [60-70) ? 36900 77391171

Preview

6
1
1
1
1
2
55842 84259809 Caucasian Male [60-70) ? 55842 84259809 3
1
2
E
1
2

5. As shown, there is no indication of Target leakage in our input dataset. However, a few features like encounter_id_1, encounter_id_0,
weight & payer_code are marked as possibly redundant with 0.5 Predictive ability of ROC. This means these features by
themselves are not providing any useful information towards predicting the target. Before making the decision to drop these
uninformative features, you should consider whether these could add value when used in tandem with other features. For our use-
case, we'll drop these in Transforms section in an effort to prepare our training dataset.

6. Click Save to save the analysis into your Data Wrangler data flow file.
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Bias Report

Al/ML systems are only as good as the data we put into them. ML based systems are more accessible than ever before and with the
growth of adoption throughout various industries, further questions arise surrounding fairness and how it is ensured across these ML
systems. Understanding how to avoid and detect bias in ML models is imperative and complex. Using Data Wrangler’s built-in Bias
Report analysis, data scientists can quickly detect bias during data preparation stage of ML workflow. Bias Report analysis uses
Amazon SageMaker Clarify to perform bias analysis.

To generate a bias report, you must specify the target column that you want to predict and a Facet/Column that you want to inspect for
potential biases. For example, we can generate a bias report on gender feature for Female values to see whether there is any Class
Imbalance (Cl).

1. While on the Analysis tab, click Create new analysis button to open analysis creation panel.

T2 dw-workshop.flow

< Back to data flow

Join - demographics_hospitalvisits_join

Analysis

Readmission-Target-
Leakage

50 - classification . readmitted

2. Select Bias Report from the list of Analysis type drop down on the right panel.
3. Give a name to your analysis and select the target label as readmitted and choose Value as NO .
4. Select gender for column to analyze and provide value as Female .

5. Leave everything else as default and click Check for bias to generate the bias report.

T2 dn-workshop.flow

threshold analyzed for bias Canfigure

Analysis type

Class Imbalance () Bias Report
Detects if the d Z aroup, or
vice versa,

A limit of 100,000 rows is used for this analysis.
Analysis name

‘Gender Bias-Report

Difference in Pasitive Proportions in Labels (DPL} Optional
class h i igher proportion of desirable (or, atteratively, undesirable) outcomes in the training
data.

Select the column your model predicts (target)

readmitted

e e e (1S Is your predicted column a value or threshold?

15 measures how much the Isbel distributions of different classes diverge from each ather. If the average Label distribution

cross all o the classes is P, the JS divergence is the aversge of the KL divergences of the probability distributions for each.ciass
rom the This entropic and

© Ve @ Threshold

Predicted value(s) @

NO

Select the column to analyze for bias
aender
15 your column a value or threshald?

Data table © vaue @ Threshold

. . Column value(s) to anaiyze for bias €
encounter_id_0 patient_nbr_0 gender e ancounter.id_1 patient_nbr_1 admission_type_d discharge.disposition_jd | admission_source
2278392 8222157 Female [0-10) ? 2278392 8222157 (REmED
149130 55629189 wcasia Female [10-20) ? 143150 55629189
68410 86047875 ricanAmerican Female 12030) : 64410 86047875
500364 82242376 casia Male [30-40) ? s00364 8242576
16680 42519267 Male [40-50) ? 16680 42519267
as750 82637451 Male [50.50) : 3750 82637451 = T O
ssaa2 84259809 Male 150.70) ? ssa2 84259809
63768 114882584 Male [70-80) ? 63768 114882984
12522 assso7es Female [s0:50) : 12522 agszo7es O oo i - T ) O
15738 a3555939 120-100) ? 15738 a3555939
28236 a9Beon32 = Female 140.50) : 28236 89869032 ——— be used asthe group varisble.
36300 37 = 160-70) ? 36900 EEED

40926 85504905 Caucasias [40-50) ? 40326 85504905
42570 77586282 Caucasian [80-90) 2 42570 77586282
62256 49726791 AfricanAmerican ale [60-70) ? 62256 49726791
73578 86328819 AfricanAmerican a [50-70) ? 73578 86328819 ® v Ono

Optional

Would you like to analyze additional metrics?

71078 92519352 AfricanAmerican [50-60) : 7706 92519352
Ba222 108662661 ele [50-60) : w4222 108662661
89682 107389323 ricanAmerican a [o-80) ? 88682 107389323 Chedkfor bias
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6. As you can see there is no significant bias in our input dataset, which means the dataset has fair amount of representation by
gender feature. For our dataset, we can move forward with a hypothesis that there is no inherent bias in our dataset. However,
based on your use-case and dataset, you might want to run similar bias reporting on various other features of your dataset to
identify any potential bias. If any bias is detected, you can consider applying suitable transformation to address that bias.

7. Click Save to add this report to the dataflow file.

Histogram

You can use histograms to see the counts of feature values for a specific feature. You can inspect the relationships between features
using the Color by option. You can also use the Facet by feature to create histograms of one column, for each value in another column.

Here we'll use Histogram to gain insights into target label patterns inside our input dataset.

1. While on the Analysis tab, click Create new analysis button to open analysis creation panel.

2. Select Histogram from the list of Analysis type drop down on the right panel.

3. Give a name to your analysis and select the X axis as race, Color by as age & Facet by as gender . Which means we want
to plot histograms by race with age factor reflected by color legend and also faceted by gender .

4. Click Preview to generate resulting Histogram as shown below.

T dw-workshop.flow

< Back to data flow

Join - demographics_hospitalvisits_join

Analysis

Histogram: Target-Label-Classification Configure

Analysis type

Histogram
racs

W AsicanAmerican A limit of 100,000 rows is used for this analysis.
Asian
sian Analysis narme

Target-Label-Classification

Optional
X axis

readmitted

Color by

race

Data table Optional

encounter_id_0 patient_nbr_0 race gender age weight encounter_id_1 patient_nbr_1 admiss Facet by
2278392 8222157 Caucasian Female [0-10) ? 2278392 8222157
gender
149190 55629189 Caucasian Female [10-20) ? 149190 55629189
Optional
64410 86047875 AfricanAmerican Female [20-30) ? 64410 86047875
500364 82442376 Caucasian Male [30-40) ? 500364 82442376
16680 42519267 Caucasian Male [40-50) ? 16680 42519267
35754 82637451 Caucasian Male [50-60) ? 35754 82637451
55842 84259809 Caucasian Male [60-70) ? 55842 84259809
63768 114882984 Caucasian Male [70-80) ? 63768 114882984
12522 48330783 Caucasian Female [80-90) ? 12522 48330783
15738 63555939 Caucasian Female [90-100) ? 15738 63555939

28236 89869032 AfricanAmerican Female [40-50) ? 28236 89869032

As you can see, this ML problemisa Multi-class Classification problem. However, here we see that there is major target class
imbalance between readmitted <30 days, >30 days and NO readmission. We also notice that these two classifications are
proportionate across gender and race . To improve our potential model predictability, we can decide to merge <30 & >30 into single
positive class. This merge of target label classification will turn our ML problem into a Binary Classification . As you'll see in next
section, we can do this easily by adding respective transformations.

Transformations

When it comes to training ML model for structured/tabular data, decision-tree based algorithms are considered best-in-class. This is
due to their inherent technique of applying ensemble tree methods in order to boost weak learners using the gradient descent
architecture.
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For our medical source dataset, we'll be using Amazon SageMaker built-in XGBoost algorithm as it is one of the most popular decision-
tree based ensemble ML algorithm. XGBoost algorithm can only accept numerical values as input, hence a pre-requisite here is we
must apply categorical feature transformations on our source dataset.

As stated, Data Wrangler comes with over 300 built-in transforms which require no coding. Let’s use built-in transforms to apply a few
key transformations and prepare our training dataset.

Handle missing values
1. Click + sign next to Join flow icon and choose Add Transform

Data flow

Che e plus sign to add a step to

Add analysis

Join

Concatenate

2. Pick Handle missing from the list of transforms on the right panel and choose Impute for Transform
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Data flow < Back to data flow

Transform: 1st Join

encounter_id_0 (long)  patient_nbr_0 (lang) admission_type_id (L.. | discharge_dispasitio...  admission_source_id ... = time_in_hospital (long) | payer_code TRANSFORM
2278392 8222157 6 25
149190 55629189 1 1
64410 86047875 1
500364 82442376
16680 42519267
35754 82637451
55842 84259809
63768 114882984
12522 48330783
15738 63555939
28236 89869032
36900 77391171
40926 85504905
42570 77586282
62256 49726791
73578 86328819
77076 92519352
84222 108662661
89682 107389323
148530 69422211
150006 22864131
150048 21239181
182796 63000108
183930 107400762
216156 62718876
221634 21861756
236316 40523301
248916 115196778

7 Add
7
> Custom Transform

?
> Custom formula
> Encode categorical
> Featurize date/time
> Featurize text

> Format string

~  Handle missing

Replace, drop, or add indicators for missing values. Learn more. [

Transform @

Impute

Impute

Add indicator for missing

Drop missing

Imputing strategy @

Approximate Median

F S N T B X T e e i B N R N S R B R

Output column @

Optional

NoNN

3. Choose Column type as Numeric and select Input column as diag_1.Let'suse Mean for Imputing strategy . You can also
provide optional Output column name. By default, the operation is performed in-place, however, you can also provide optional
Output column name which will create new column with imputed values.

4. Click Preview to preview the results as show below. Once verified, click Add to include this transformation step into Data
Wrangler dataflow file.

T2 dw-warkshop flow

< Back to data flow

Previewing Handle missing

Join - demographic_hospitalvisits_join

Data

TRANSFORM

Add
num_procedures (long)  num_medications (long)  number_outpatient (lo... number_emergency (...  number_inpatient (long)  diag_1 (float) diag_2 (long) diag_3 (long) readmitted (string)

250 NO Custom Transform
276 230

NO

NO

Custom formula

Encode categorical

Featurize date/time

Featurize text

Format string

Group by

Handle missing

Replace, drop, or add indicators for missing values. Learn more. 4

Transform @

Impute

Column type @
Numeric v
The name of the column that will be created to contain the transformed data. If not set it wil
override the input column.
Input column
diag_1
Imputing strategy @
Mean
410
489.94228256609034
189
786
427

Output column @

optional

5. Repeat above steps 1 through 3 for diag_2 & diag_3 features and impute missing values.
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Search and edit features with special characters
As our source dataset has features with special characters, we need to clean them before training. Let's use Search and Edit Transform.
1. Pick Search and edit from the list of transforms on the right panel. Select Find and replace substring

2. Select the target column race for Input column and use \? regex for Pattern. For the Replacement String use Other . Let's
leave Output Column blank for in-place replacements.

ing Search and edit

Join - demographic_hospitalvisits_join
Data

TRANSFORM

Add
encounter_jd_0(long) | patient_nbr_0(long)  race fstring) gender (string) age (string) s encounter_id_1(long)  patientnbr_1{long) | admission_type id (lo...  discharge. disposition._... | admission_sourct
2278392 8222157 ca Fern. [0-10) 227839 8222157 5 1 Custom Transform
149190 55629189 Coucasion Female [10-20) ? 149190 55629189
Custam formula
64410 86 AfricanAmerican Female [20-30) ? 64410
Encode categorical
500364 Caucasian Male [30-40) ? 500364

16680 42519267 ] Male [40-50) ? 16680 Featurize date/time

35754 5 J Male [50-60) ? 35754 P
55342 842598 Male [60-70)

Format string
63768 a2 Male [70-80)

1
1
1
1
1
1
1
1

Female [80-90) Group by

&3 ian Female (s0-100) : 3 H 3 Mandle missing
89865 AfricanAmerican Ferale {40-50)
Handle outliers
7397 AfricanAmerican Male (s0-70)
85504905 Caucasian Female {40-50) S
s Male 80-50) : 758628 7 Manage rows
AfricanAmerican Female (60-70)
[——
AfricanAmerican Male (60-70)
AfricanAmerican Male [s0-60) Lo LT ED
Ferale [s0-60) : 2 7 Process numeric
Male [70-50)
148530 Other Male [70-80) : 148530

Search and edit

150006 3 Other Female [50-60) ? 150006
150048 Other Male [60-70) ? 150048 39181
182796 63000108 Africankmerican Female [70-80) ? 122796 63000108

Transform

183930 107400762 Caucasion Female 80-50) : 183930 107400762
i Replace  substring matching the given regex with a new one.
216156 = AfricanAmerican Female [70-80) : 216156 2718876
Inputcolumn
Other Femala 50-60) : 21634 21861755
40523301 = Male 80-50) : 236316 40523301
248916 115196778 ] Female 50501 : 248916 15196778 Faitem
250872 Male [20-30) g 250872 41606064 d
Female 80-50) : 2 181964 2 7 Replacementstring @
253380 3 AfricanAmerican Female 60-70) : 253380 s648023 7 Other
25372 o6t AftcanAmerican Male [70-50) : 253722 96664625 7 output colamn @
260166 8 . Femala [70-80) : 26 80845353
255058 Na715242 Male 60-70) 293058 114715282 p 2 Optional
203118 327282 Femala [70-50) : 293118 3ame2

Clear

3. Once reviewed, click Add to add the transform to your data-flow.

4. Repeat the same technique for other features to replace weight , payer_code with @ and medical_specialty with Other as
shown below.
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Previewing Search and edit

Find and replace substring - Transform: 1st Join
Daia

TRANSFORM

Add

encounter_id_0long)  patient_nbr_0 (long)  race {string) gender (string) age (string) weight {string) encounter_jd_1{long)  patient_nbr_1 long)  admission_type.id lo... | discharge_disposition,_... | admission_sourc:

278397 8222157 Coucasian Female {0-10) 278397 8222157 3 25 1 Custom Transform

149190 ss629189 Goucasian Female f10-20) 149190 ss629189 1 1 e

84410 86047875 AfticanAmerican Female (20-30) 84410 86047875 1
i Encode categorical

500364 82442376 Caucasian Male [30-40) 500364 82442376

16680 42519267 Caucasian Male (] 16680 42519267 Featurize datejtime
35754 82637451 Caucasian Male [50-60) 35754 82637451

55842 84259809 Caucasian Male [60-70) 55842 84259809

Featurize text
Format string
63768 114882984 Coucasian Male [70-80) 63768 114882984
12522 sa330783 Goucasian Female 80-90) 12522 sa330783 Group by
15738 63555939 Caucasian Female (30-100) 15738 63555939 Mandly ligiog
28236 89869032 AfricanAmerican Female 40-50) 28236 89869032
Handie sutiiers
36900 739171 AfticanAmerican Male (s0-70) 36900 739171
40926 85504305 Coucasian Female 140-50) 40926 85504305

42570 77586282 Caucasian Male [80-90) 42570 77586282

Manage columns
Manage rows

62256 49726791 AfricanAmerican Female [0-70) 62256 49726791
73578 86328819 AfricanAmerican Male [60-70) 73578 86328819

Manage vectors

77076 a2519352 AfricanAmerican Male (50-60) 77076 a2519352 Parse column as type

84222 108662661 Caucasian Female [50-60) 84222 108662661
89682 107389323 AfricanAmerican Male [70-80) 89682 107389323
148530 69422211 Other. Male [70-80) 148530 69422211

Process numeric

(v v v v vy vvvvvvy v

Search and edit

Find, replace, splt, using search
150006 22864131 Other Female [50-60) 150006 22864131 B
150048 21239181 Other Male [60-70) 150048 21239181 T
182796 63000108 AfricanAmerican Female [70-80) 182796 63000108 Find s replace substing
183930 167400762 Caucasian Female [80-90) 183930 167400762

Replace 3 substring matching the given regex with a new one.
216156 62718876 AfricanAmerican Female [r0-80) 216156 62718876

Input column
21638 21861756 Other Female [50-60) 21638 21861756

236316 40523301 Caucasian Male (80-90) 236316 40523301 —
2489716 115196778 Caucasian Female s0-50) 2489716 115196778 Fatiem @
250872 41606064 Caucasian Male [20-30) 250872 41606064 i
252822 18196434 Coucasion Female 80-50) 252822 18196434 Replacementstring @
253380 se480238 Afticanamerican Female s0-70) 253380 se480238 o

283722 96664626 AfricanAmerican Male [70-50) 253722 96664626 outpirtcotumn @
20165 80845353 Coucasisn Femala [70-80) 260166 80845353

293058 114715202 Caucasian Male 6070} 293058 114715202 Optional

23118 32782 Coucasian Femala [70-50) 293118 32782

Previewing Search and edit

Find and replace substring - Transform: 1t Join
Data

TRANSFORM
Add
weight (string) encounter_jd_1 (long) | patient_nbr_1(long) | sdmission_type_id (lo...  discharge._disposition_... | admission_source_id (L. | time_in_hospital (long) | payer_code string) medical_speciaity (stri... | num_lab_pracedures
2278392 8222157 6 2 1 Pediatrics-Endocrinology 41 Custom Transform
143190 55629189 1 1 iy

64410 86047875 1

Encode categorical
500364 82442376
16680 42519267 Featurize date/time.
35754 82637451 Bty
sse12 84259809

Format string
63768 114882984
12522 48330783 Group by
15738 63555939 IntemalMedicine i i
2236 89869032

Handle outliers
36300 72391171
0926 85504905 Family/GeneralPractice Lot —
42570 77586282 Family/GeneralPractice Manage rows
62256 4972679

Manage vectors
7578 86328819
S— T — Parse column as type
84222 108662661 Process numeric
89682 107389323

148530 63422211

Search and edit

Find, replace, split, using search
150006 22864131 more.[4

150048 2123918 PN
182796 63000108

123930 107400762

Find and replace substring

Replace 2 substring matching the given regex with a new one.
216156 62718876 ? 9 g the given rege

221634 21861756

Input column
236316 40523301 Candiology payer_code
24816 196778 curgery General Fattem @
250872 41606064 ? 7
252822 18196434 Candiology Replacoment stiing @
253380 S6480238 : 0

53722 96664626 : T —
260166 B0Bes3S3 7 [

293058 114715242 H Optional

203118 3327282 ?

localhost:6419



http://localhost:6419/images/new-weight-edit.png
http://localhost:6419/images/new-payer-code-edit.png

10/25/21,2:32 PM README.md - Grip

Previewing Search and edit

Find and replace substring - Transform: st Join
Data

TRANSFORM

Add
weight (string) encounter_id_1 (long) | patient_nbr_1 flong) | admission_type_id(lo...  discharge_disposition_.... admission_source_id [l time_in_hospital long)  payer_code (string) medical_specialty (stri... | num_lab_procedures(.. n

2278392 8222157 Pediatrics-Endocrinology Custom Transform

149190 55629189 Other

Custam formula
64410 86047875 Other

Encode categorical
500364 82442376

g
E
2
2 Other

16680 42519267 1 Other Featurize date/time.
3
4
s

35754 82637451 Other Featurize text

55842 84259809 Other
Format string

63768 114882984 Other

12522 48330783 Other Group by
15738 63555939 IntemalMedicing A
28236 89869032 Other

Handle outliers
36900 7391171 Other

40926 85504905 Family/GeneralPractice L=
42570 77586282 Family/GeneralPractice Manage rows

62256 49726791 Other

Manage vectors

73578 86328819 Other

77076 92519352 Other B
84222 108662661 Cardiology Process numeric
89682 107389323 Other Seswch o st
148530 69422211 Other

Find, replace,split transform input str using search
150006 22864131 Other m
150048 n298 Other S
2286 000108 Gy Find and replace substring
183830 107400762 Other

Replace  substring matching the given regex with a new one
216156 62718876 Other 5 < 2 & =

Input column
221634 21861756 Other

medical_spedalty

256316 avs23301 Cardiology

Patterm @

[

248816 115196778 Surgery-Ganerl
250872 21606054 Other

252822 18196434 Cardiology Replacement string ©
253380 s6480238 Other Other

253722 96864526 Other Output colamn @
260166 so8as3sT Family/GeneralPractice

293058 1715242 Other Optional

293118 327282 Other

One-hot Encoding for categorical features

1. Pick Encode categorical from the list of transforms on the right panel. Select One-hot encode and race for input column. For
Output style, choose Columns . After filling the fields click Preview

2. After review the transformation results, Click Add to add the change to the data flow

Previewing Encode categorical

Find and replace substring - Transform: 1st Join
Data

TRANSFORM

_2 {long) diag_3 {long) readmitted (string) race_Caucasian (float) race_AfricanAmerican ... | race_Other (float) race_Hispanic (float) race_Asian (float) (e

NO > Custom Transform
>30
NO
NO
NO

> Custom formula

~  Encode categorical

Convert categorical variables to numeric or vector representations. Learn
mare. [
>30

NO
=30

Transform

One-hot encode

NO Input column @

Lo race
>30

- [ Input already ordinal encoded @
<

Invalid handling stratet
<30 9 oy @

NO
>30 O proplast @
NO Output style @
<30 Columns

NO

Keep

Output column @
>30

NO
NO
NO
NO

Optional

3. Repeat above 2 steps for age and medical_specialty_filler to one-hot encode those categorical features as well.

Ordinal Encoding for categorical features

1. Pick Encode categorical from the list of transforms on the right panel. Select 0rdinal encode and gender for input column.
For Invalid handling strategy select skip . After filling the fields click Preview
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2. After review the transformation results, Click Add to add the change to the data flow

Praviewing Encode categoarical

One-hot encode - Transform: 1st Join
Data

TRANSFORM

Add

encounter_id_0 (long) | patient_nbr_0 (long) gender (float) weight (string) encounter_id_1 (long)  patient_nbr_1 (long) admission_type_id (lo...  discharge_dispasition

2278392 8222157 2278392 8222157 Custom Transform
149180 55629189 149180 55629189
64410 86047875 64410 86047875
500364 82442376 500364 82442376
16680 42519267 16680 42519267
35754 82637451 35754 82637451
55842 84259809 55842 84259809
63768 114882984 63768 114882984

Custom formula

Encode categerical

Convert categorical variables to numeric or vector representations. Learm
more. [

Transform

Ordinal encode

12522 48330783 12522 48330783 P (1)
15738 63555939 15738 63555939
28236 89869032 28236 89869032
36900 7739117 36900 77391171

40926 85504905 40926 85504905
42570 77586282 42570 77586282
62256 49726791 62256 49726791

73578 86328819 73578 86328819
77076 92519352 77076 92519352
84222 108662661 84222 108662661

gender

Output column @

Optional
Invalid handling strategy @

Keep

Clear

Custom Transformations — Add new features to your dataset

If we choose to store our transformed features into Amazon SageMaker Feature Store, a pre-requisite is to insert Event-Time feature
into the dataset. We can easily do that using Custom Transformations

1. Pick Custom Transform from the list of transforms on the right panel

2. select Python (Pandas) and enter below line of code in the text box. Then click Preview to view the results.

# Table is available as variable “df"
import time
df['eventTime'] = time.time()

Ordinal encode - Transfarm: 1st Join

ak

¢ho_  mwackcal_spmciaiy_Tha... | medical_spacsity_Tho . mediod_ssecisity_tha... | medicsl_spacistty_Tho..  mechod_ssecisity_Ttn.. | medical_spsciatty, The... | msckol_speciity_1an. gender_arcinal far]

i

[

3. Click Add to add the change to the data flow

Transform the target Label

The target label readmitted has 3 classes: NO readmission, readmitted <30 days and readmitted >30 days. We saw in our Histogram
analysis that there is a strong class imbalance as majority of the patients did not readmit. We could combine the latter two classes into
a positive class to denote the patients being readmitted, and turn the classification problem into a binary case instead of multi-class.
Let's use Search and Edit Transform to convert string values to binary values.
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1. Pick Search and edit from the list of transforms on the right panel. Select Find and replace substring

2. Select the target column readmitted for Input column and use >30|<30 regex for Pattern . For the Replacement String use
1.

3. So, here we are converting all the values that have either >30 or <30 values to 1 . After making your config selections, hit
Preview to review the converted column as shown below.

Ordinal encode - Transform: 1st Join
Data

TRANSFORM
Add
diag_3 (long) readmitted (sring) race Coucasian flost) | race_AfricanAmerican ... |race_Other (float) race_ Hispanic{fioat) | race_Asian (float) age.[70-80) {float) age.[60-70) {float) age.[50-60) {float) age [80-50) fflc
- = : : 0 0 0 Custom Transform

: . . o

Custom formula
No
o . . . o o - Encode categorical
No 0 0 0 0 0 0 Featurize dateftime
) 5

Featurize text
no
) Format string
no 0 0 0 0 0 0 Group by
no
T

Handle
. Handle outl

. ; 5 0 - - - Manage columns

0 g g g g g g Manage rows
c o 5

no
.

no
.

no
no
no
no

c
NO 0 0 0 0 ing matching the given regex with a new one.

bstring

NO
no
.
c
¢

Output column @

Optional

Clear

4. Once reviewed, click Add to add the transform to your data-flow.
5. Let's repeat the same to convert NO values to @ . Pick Search and edit from the list of transforms on the right panel.

6. Choose Find and replace substring transform. Select the target column readmitted for Input column and use NO regex for
Pattern . For the Replacement String use 0 .

7. After making your config selections, hit Preview to review the converted column as shown below.
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Previewing Search and edit

Find and replace substring - Transform: 1st Join
[ —

TRANSFORM
diag_3 (long) readmitted (string) race_Caucasian (float) race_AfricanAmerican ...  race_Other (float) race_Hispanic (float) race_Asian (float) age_[70-80) (float) age_[60-70) (float) age_[50-60) (float) age_[80-90) (flo Add o =
Custom Transform
255
Custom formula
Encads categorical
Featurize date time
Featurize text
Format string
Group by
Handle missing
Handle outliers
Manage columns
Manage rows
Manage vectors
Parse column as type
Process numeric

Search and edit

Find, replace, splt,
more. 2}
Transtorm

Find and replace substring
Replace 3 substring matching the given regex with 2 new ane.
Input calumn

redmitted
[N

no
Replacement string @

0

Output column @

Optional

5. Once reviewed, click Add to add the tr rm to your data-flow. Now our target label is ready for ML.

Position the target label as first column to utilize XGBoost algorithm

As we are going to use XGBoost built-in SageMaker algorithm to train the model, the algorithm assumes that the target label is in the
first column. Let's do that.

1. Pick Manage Column from the list of transforms on the right panel. Select Move Column for Transform and select Move to start
for Move type. Provide a name to new column readmitted . After filling the fields click Preview

2. After reviewing the transformation results, Click Add to add the change to your data flow

Previewing Managa columns:

Find and replace substring - Transform: 1st Join
Data Analysis

TRANSFORM

readmitted (string) encounter_id_0 (long) patient_nbr_0 (long) gender (float) weight (string) encounter_id_1 (long) patient_nbr_1 (long) admission_type_id (lo... | dischar — Fimione sis pel(T

2278392 8222157 0 2278392 8222157 6 25 Custom Transform
143190 55629189 0 149180 55629189 1 1

64410 86047875 0 64410 86047875 1 1

500364 82442376 1 500364 82442376 1 S
16680 42519267 16680 42519267 Featurize date/time
35754 82637451 35754 82637451
55842 84259809 55842 84259809
63768 114882984 63768 114882984
12522 48330783 12522 48330783 Group by
15738 63555939 15738 63555939
28236 89869032 28236 89869032
36500 77391171 36900 77391171
40926 85504905 40926 85504905 Manage columns

42570 77586282 42570 77586282 Mave, drop, duplicate or rename columns in the dataset. Learn more. [
62256 49726791 62256 49726791
73578 86328819 73578 86328819
77076 92519352 77076 92519352
84222 108662661 24222 108662661 RErSIVER
89682 107389323 89682 107389323 L EE

Custom formula

Featurize text

Format string

Handle missing

Handle outliers

Transform

Mave column

148530 69422211 148530 69422211 Maves the column so it is the first column in the dataset.
150006 22864131 150006 22864131 Column to move

150048 21239181 150048 21239181 readmitted

182796 63000108 182796 63000108

183930 107400762 183930 107400762

Let's Drop redundant columns
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1. Pick Manage Columns from the list of transforms on the right panel

2. Choose Drop Column transform and select encounter_id_0 for column to drop

Previewing Manage columns

Move column - Transform: 1st Join

Data

TRANSFORM

Add

readmitted (string) patient_nbr_0 (long) gender (float) weight (string) encounter_id_1 (long)  patient_nbr_1 (long) admission_type_id (lo...  discharge_disposition

8222157 2278392 8222157
55629189 149190 55629189
86047875 64410 86047875
82442376 500364 82442376
42519267 16680 42519267
82637451 35754 82637451
84259809 55842 84259809
114882984 63768 114882984
48330783 12522 48330783
63555939 15738 63555939
89869032 28236 89869032
77391171 36900 77391171
85504905 40926 85504905
77586282 42570 77586282
49726791 62256 49726791
86328819 73578 86328819
92519352 77076 92519352
108662661 84222 108662661
107389323 89682 107389323
69422211 148530 69422211
22864131 150006 22864131

Custom Transform
Custom formula
Encode categorical
Featurize date/time
Featurize text
Format string
Group by

Handle missing
Handle outliers

Manage columns

Move, drop, duplicate or rename columns in the dataset. Learn more. [£]

Transform

Drop column

Column to drop

encounter_id_0

Clear

3. Click Preview to preview the changes to the data set. Then Add to add the changes to flow file.

4. Repeat above steps 1 through 3 for other redundant columns patient_nbr_0, encounter_id_1, patient_nbr_1.

At this stage, we have done a few analyses and applied a few transformations on our raw input dataset. If we choose to preserve the
transformed state of the input dataset, kind a like checkpoint, you can do that using the Export data button shown below. This option

will allow you to persist the transformed dataset on to an Amazon S3 bucket.

£ Badk to duta flow

Drop column - Transform: 1st Jain

weight (string) admission_type_id (lo... | discharge_disposition_... admission_source_id (I...
[ 25
1 1

1 de-wurishop fiow

{ Badk to translorm

Export dat

53 lacaticn

B3l e -8 - -

Flie type Delimiter Compression

CEV [".su) ¥ Commal,] ¥ | Mone

Quick Model Analysis
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Now that we have applied transformations to our initial dataset, let's explore Quick Model analysis. Quick Model helps to quickly
evaluate the training dataset and produce importance scores for each feature. A feature importance score indicates how useful a
feature is at predicting a target label. The feature importance score is between [0, 1] and a higher number indicates that the feature is
more important to the whole dataset. Since our use-case relates to classification problem type, Quick Model also generates F1 score
for current dataset.

1. Click + sign next to Join flow icon and choose Add analysis

Data flow

Add transform

Join

Concatenate

2. Select Quick Model from the list of Analysis types on the right panel.
3. Give a name to your analysis and select the target label in Label field.

4. Click Preview and wait for the model to be results to be displayed on the screen
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< Back to data flow

Impute - Transform: 1st Join

Data Analysis

Quick Model: PostTransform-Quick-Model-Analysis Configure Code
Model achieved a 0.618 f1 on a test set. Analysis type

Quick Model

Alimit of 100,000 rows is used for this analysis.
Analysis name

PostTransform-Quick-Model-Analysis|

Optional
Label

readmitted

Data table

readmitted gender admission_type_id discharge_disposition_id | admission_source_id time_in_hospital payer_code medica

25 1 Pediai

1
3
2
2
1
3
4
5

o
o
o
1
1
1
1
1
o
o
o
1

1
1
1
1
1
1
1
1
3
1
1

Preview

The resulting Quick Model F1score shows 0.618 (your generated score might be different) with the transformed dataset. Under the
hood Data Wrangler performs a number of steps to generate F1 score which includes Preprocessing, Training, Evaluating & finally
calculating feature importance. More details about these steps can be found in our Quick Model documentation.

Using this feature, Data Scientists can iterate through applicable transformations until they see desired transformed dataset that would
potentially lead to business expectations.

5. Click Create button to add the quick model analysis to the data flow.

Export Options
We are now ready to export dataflow for further processing.

1. Save the DW flow file as shown below
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File Edit View Run Kernel Git Tabs Settings 2 F
New ’ Readme.md ® ¥ dw-workshopflow X  [A] untitledipynb X | [A] SageMaker-MadelMe X | [H] Untitled.ipynb X | E Model_Deployment,

New Launcher
Open from Path...

New View for Data Wrangler Flow
Expart step
hen select an export option.
Close Tab

Close and Shutdown

Close All Tabs

Save Data Wrangler Flow *® Data types Join Steps (20)
Save Data Wrangler Flow As...

Save All —0 #.# o— ——0 @D ¢ —9 (b ¢
Reload Data Wrangler Flow from Disk e g

Transform: y demographic_visits_join

Revert Data Wrangler Flow to Checkpoint N . . . N B .,
a_hospital_visits.csv diabetic_data_hospital_visitscsv

Rename Data Wrangler Flow...

Export Notebook As...
Data types

el > #.# o— g

Shut Down
— Transform:

9 minut
AL diabetic_data_demographic.csv diabetic_data_demographic.csv

9 minutes ago

9 minutes ago

5 hours aga Source Data types

5 hours ago

5 hours aga o o— —o #.# 0

5 hours ago

4 hours aga S3: diabetic_data_labs.csv Transform: diabetic_data_labs.csv
4 hours aga

4 hours aga

5 hours ago

2. Click Export tab and select Steps icon to reveal all the DW flow steps. Click the last step to mark it as check (as shown in figure
below)

¥ dw-workshop flow X

Import Data Flow Export

Export data flow 9 [o——

Select the steps in the data flow that you want (fexport and then select an export option.

Source &) Data types &) Join @ Steps (16) &)

() b #.4# ACD) Nol (/):)

) 5. Une-hiot encode

S3: Transform: demographic_hospitalvisits_join
diabetic_data_demographic.csv diabetic_data_demographi

?) 6. Ordinal encode
. Find and replace substring

8. Find and replace substring

Source &) Data types &)
/ © 9. Move column

i .
() b H.H &— ?) 10. Drop column

11. Drop column

S3: Transform:
diabetic_data_hospital_visits.csv diabetic_data_hospital_visits.csv

12. Drop column
13. Drop column
14. Impute

15. Impute

S T S S e e N N N N

(© 16. One-hot encode

. Click Export step to reveal the export options. You currently have 4 export options
Save to S3 Save the data to an S3 bucket using a Amazon SageMaker Processing Job.
Pipeline exports a Jupyter Notebook that creates an Amazon SageMaker Pipeline with your data flow.

Python Code exports your data flow to python code.
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Feature Store exports a Jupyter Notebook that creates an Amazon SageMaker Feature Store feature group and adds features t

an offline or online feature store.

u can find more information for each export option in this page.

T2 dw-workshop.flow X

Import Data Flow Export

Export data flow

Select the steps in the data flow that you want to export and then select an export option.

Source &

Data types (@) Join @

=

S5t
diabetic_data_demographic.csv

Source (¥

=

S5t
diabetic_data_hospital_visits.csv

b #. 4 ——¢ @D

Transform:
diabetic_data_demographic£sv

Data types @) /

) HoHo—

demographic_hospitalvisits_join

Transform:
diabetic_data_hospital_visits.csv

Export step

Save to 53
Save to 53 using a SageMaker Processing Job.

Pipeline
Export a Jupyter Notebook that creates a Pipeline with your
data flow.

Python Code
Expert your data flow to python code.

Feature Store
Export a Jupyter Notebook that creates a Feature Store
feature group and adds features to an offline or online
feature store.

4. Select Save to S3 to generate a fully implemented Jupyter Notebook that creates a processing Job using your data flow file.

¥ dw-warkshop flow X [ dw-workshop.ipynb .

B + X @ [ » = C Markdown v @ gt 2VCPU+4GIB  Python 3 (Data Science) (O Share

Save to S3 with a SageMaker Processing Job

Start To save your processed data to S3, select the Run menu above and cli export job and the output S3 locat

This notebook executes your Data Wrangler Flow dw-workshop.flow on the entire dataset using a SageMaker Processing Job and will save the processed data to S3.

This notebook saves data from the step Manage Columns . To save from a different step, go to Data Wrangler to select a new step to export.

Contents

1. Inputs and Outputs
2. Run Processing Job

A. Job Configurations

B. Create Processing Job

C. Job Status & 53 Output Location
3. Optional Next Steps

A. Load Processed Data into Pandas

B. Train a model with SageMaker

Inputs and Outputs
The below settings configure the inputs and outputs for the flow export.

. Configurable Settings
In Input - Source you can configure the data sources that will be used as input by Data Wrangler

1. For S3 sources, configure the source attribute that points to the input S3 prefixes
2. For all other sources, configure attributes like query_string, database in the source's DatasetDefinition object.

If you modify the inputs the provided data must have the same schema and format as the data used in the Flow. You should also re-execute the cells in this section if you have moiified the settings in any data sources.

sagemaker. ProcessingInput, ProcessingOutput
sagemaker. . AthenaDatasetDefinition, DatasetDefinition, RedshiftDatasetDefinition

data_sources 3]

3. Processing and Training Jobs for Model building

Processing Job submission
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1. We are now ready to submit a SageMaker Processing Job using the data flow file. Run all the cells upto Create Processing Job .
This cell Create Processing Job will trigger a new SagaMaker processing job by provisioning managed infrastructure and running
the required DataWrangler docker container on that infrastructure.

Create Processing Job

To launch a Processing Job, you will use the SageMaker Python SDK to create a Processor function.

sagemaker. Processor
sagemaker. NetworkConfig

processor  Processor(
role iam_role,
image_uri container_uri,
instance_count instance_count,
instance_type instance_type,
volume_size_in_gb volume_size_ in_gb,
network_config NetworkConfig(enable_network_isolation enable_network_iseolation),
sagemaker_session sess

processor. {
inputs [flow_input] = data_sources,
outputs [processing_job_output],
arguments [ {json. {output_config)}'"1,
wait 7
logs q
job_name processing_job_name

2. You can check the status of the submitted processing job by running next cell Job Status & S3 Output Location

Job Status & S3 Output Location

Below you wait for processing job to finish. If it finishes successfully, the raw parameters used by the Processing Job will be printed

s3_job_results_path {bucket}/{s3_output_prefix}/{processing_job_name}
{ {s3_job_results_path}")

job_result  sess. (processing_job_name)
job_result

3. You can also check the status of the submitted processing job from Amazon SageMaker Console as shown below

Amazon SageMaker X Amazon SageMaker Processing jobs
Amazon SageMaker Studio L.
Processing jobs Create processing job
Dashboard
Q 1 2 3 . > (O]
Search
Images Name v ARN Creationtime ¥ Duration Status v
» Ground Truth " : .
data-wrangler-flow-processing-27-20-53-27- arn:aws:sagemaker:us-east: processing-job/data-wrangler-flow- Aug 27, 2021 2 minutes @® InProgress
4b246dc5 processing-27-20-53-27-4b246dc! 20:54 UTC g
» Notebook
huggingface-sm-2021-08-25--ProfilerReport- arn:aws:sagemaker:us-east-Pm(E“mQ'Jﬂh/hugglﬂgfafe-im‘mz1'05'25" Aug 25, 2021 12 @ completed
¥ Processing €8f5319b profilerreport-c8f5319b 22:47 UTC minutes P
Processing jobs huggingface-sm-2021-08-25--LowGPUUtIlization- arn:aws:sagemaker:us-east--I’MESSINQ-Jﬂh/hugglﬂgfafe-im‘mz1'05'25" Aug 25, 2021 12 @ completed
acdc68ba lowgpuutilization-acdc68ba 22:47 UTC minutes

Train a model with Amazon SageMaker

1. Now that the data has been processed, you may want to train a model using the data. The same notebook has sample steps to
train a model using Amazon SageMaker built-in XGBoost algorithm. Since our use case is binary classification, we need to change
the objective to "binary:logistic" inside the sample training steps as shown below.
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Configure the algorithm and training job

The Training Job hyperparameters are set. For more information on XGBoost Hyperparameters, see https://xgboost.readthedocs.io/en/latest/parameter.html.

region = boto3. ().
container = sagemaker. . boost", region, "1 1")
hyperparameters

train_input = sagemaker. .
s3_data=s3_training_input_path,
content_type=train_content_type,

2. All set. Now we are ready to fire our training job using SageMaker managed infrastructure. Run the cell below.

Start the Training Job

The TrainingJob configurations are set using the SageMaker Python SDK Estimator, and which is fit using the training data from the Processing Job that was run earlier.

estimator = sagemaker. . (
container,
iam_role,
hyperparameters hyperparameters,
instance_count 1,
instance_type 0

)

estimator.fit({ : train_input})

Now that you have a trained model there are a number of different things you can do. For more details on training with SageMaker, please see https://sagemaker.readtt

3. You can monitor the status of submitted training job in SageMaker Console under Training / Training jobs tab on the left.
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ﬂs Services ¥
Amazon SageMaker X

Amazon SageMaker Studio

Dashboard
Search

Images

» Ground Truth

» Notebook

P Processing

¥ Training
Algorithms {
Training jobs

Hyperparameter tuning jobs
» Inference
» Edge Manager
P Augmented Al

> AWS Marketplace

4. Host trained Model for real time inference

Deploy model for real-time inference

1. We will now use another notebook provided under project folder hosting/Model_deployment_Steps.ipynb . This is a simple
notebook with 2 cells - First cell has code for deploying your model to persistent endpoint. Here you need to update model_url
with your training job output S3 model artifact . Here are image for reference.
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P - e g s e

Amazon SageMaker X 1.00 1.00
. 0.80 0.80
Amazon SageMaker Studio
Dashboard 0.60 No data available 0.60 No data a
Try adjusting the dashboard time range. Try adjusting the dast
Search 0.40 040
Images
0.20 0.20
» Ground Truth
» Notebook o 0
¥ Processing
Processing jobs
Output
¥ Training
Algorithms
Training jobs S3 model artifact

Hyperparameter tuning jobs sS:ﬁsagemaker-us-eastpsagema ker-xgboost-2021-08-27-21-06-25-
501 /output/model.tar.gz

» Inference

» Edge Manager

Amazon SageMaker Model Deployment using persistent endpoint for Real-Time inference

In this notebook we will depoy the Model that was trained using the preprocessed training_input from Data Wranger preprocessing Job.

Perform model deployment using Amazon SageMaker

boto3

sagemaker

time
sagemaker get_execution_role, session
time gmtime, strftime
sagemaker. Model
sagemaker. retrieve
sagemaker. Predictor
sagemaker. CSVSerializer

region- boto3. ().
role - get_execution_role()

model_url

image_uri retrieve( , region, )
model - Model{image_uri-image_uri, model_data -model_url, role-role)

endpoint_name strftime( , gmtime())
(endpoint_name))

hosted_endpoint - model. (initial_instance_count-1,
instance_type r
endpoint_name-endpoint_name)

2. The second cell in the notebook will run inference on sample test file test_data_UCI_sample.csv .
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Perform inference against the deployed model

]
predictor Predictor(endpoint_name endpoint_name, serializer CSVSerializer())

{ (endpoint_name))

13
payload row.
, payload)
response  predictor. (data payload).
{ , response)
time. (1)

Clean up
After you have experimented above steps, perform the below 2 clean-up steps to stop incurring charges.

1. Delete hosted endpoint. You can do this from within SageMaker Console as shown below.

Amazon SageMaker X Amazon SageMaker Endpoints
Amazon SageMaker Studio .
Endpoints Update endpoint Actions & Create endpoint
Dashboard 2 Add/edit tags
Q, Search endpoints / 9 1 &
Images
Name v ARN Creation time v Status v Last updated
» Ground Truth fr
o DEMO-xgb-readmission-prediction-2021- arn:aws:sagemaker:us-east- Indpoint/demo-xgb-readmission-prediction- Aug 30, 2021 16:43 @ inservice Aug 30, 2021
» Notebook 08-30-16-43-41 2021-08-30-16-43-41 utc 16:53 UTC
Tocomgaceene 0T arn:ast:sagema erus-east- point/huggingface-finetune-20271-08- RUG 25, 2021 2328 @ nservice AUG 25, 2021
P Processing 16 25-23-29-16 uTC 23:35UTC
» Training reorder-classifier-2021-07-13-21-59-48- arn:aws:sagemaker‘us-east--ldpmnt/reorder-(lasslﬁer-z()z‘\-07-15-21- Jul 13,2021 21:59 © Inservice Jul 31,2021 11:36
953 59-48-953 uTtc uTC
¥ Inference

Compilation jobs

Model packages

Models

Endpoint configurations

Endpoints

2. Shutdown Data Wrangler App. You can do this from within SageMaker Console by navigating to your SageMaker user-profile - as
shown below.
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Amazon SageMaker SageMaker Studio Control Panel

User Details

User summary
User profile name Status
sm-user ® Ready

Execution role
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Created

Open Studio [

Studio ID

Tue Jul 13 2021 13:38:20 GMT-0400 (Eastern

Daylight Time)

App type

KernelGateway

KernelGateway

Created

Wed Aug 25 2021 18:57:25 GMT-0400 (Eastern Daylight Time)

Wed Aug 25 2021 17:19:29 GMT-0400 (Eastern Daylight Time) m M

KernelGateway

Wed Jul 14 2021 12:59:38 GMT-0400 (Eastern Daylight Time) Delete app )

arn:aws:ia ole/service-

role/Amazon -cxecutionRole-

20210206T181522

Apps

App name Status

sagemaker-debugger-1-ml-m5-4xlarge-4061c3f60cc59b594d8d07fc0603 (® Deleted

datascience-1-0-ml-t3-medium-1abf3407{667f989be9d86559395 @ Ready
(sagemaker-data-wrang-ml-ms-ﬂ.xlarge-b?ﬂ €1a025d542c78bb538373f2d @ Ready

default @ Ready

SageMaker Projects and JumpStart

Conclusion

JupyterServer

Tue Jul 13 2021 13:39:18 GMT-0400 (Eastern Daylight Time}) Delete app

This concludes the example. In this example you have learnt how to use SageMaker Data Wrangler capability to create data
preprocessing, feature engineering steps using simple to use Data Wrangler GUI. We then used the generated notebook to submit a
SageMaker managed processing job to perform the data preparation using our data flow file. Later we saw how to train a simple
XGBoost algorithm using our processed dataset. In the end we hosted our trained model and ran inferences against synthetic test data.
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