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Introduction

Amazon SageMaker is an end-to-end machine learning platform that lets you build, train, and deploy
machine learning models in AWS. It is a highly modular service that lets you use each ofthese
componentsindependently of each other.

You will Learn:

*  How to use the Jupyter notebook component of Sagemaker to integrate with the datalake
using Athena

*  Populate data frames for data manipulation.

This process to prepare the data to satisfy the needs of ML algorithms is iterative. To prepare the data,
we will make the table definitions in Athena available in a Jupyter notebook instanceof SageMaker.

Jupyter notebooks are popular among data scientists and used to visualize data, perform
statistical analysis, complete data manipulations, and make the data ready for machine

learning work.



Create Amazon SageMaker Notebook Instance

1. Go to the Amazon Sagemaker from AWS console

aw51 Services v Resource Groups ~ *

“—

AWS Management Console

AWS services

Find Services
You can enter names, keywords or acronyms.

Q) amazon sageMaker| b 4

Amazon SageMaker
Build, Train, and Deploy Machine Learning Models

¥ Recently visited service=
Amazon SageMaker

£ AWS Glue = s3 [# support

4 Athena S| CloudWatch

P All services

2. In the Amazon SageMaker navigation pane, click Notebook instances and Click Createnotebook

Amazon SageMaker X Amazon SageMaker > Notebook instances
Dashboard L ey =
Notebook nsance [ covn ook s |
Search® RS e s S
Q. Sesrch notebook Instances 1 @
¥ Ground Truth
Labeling jobs Name : amazon X

Labeling datasets
Name »: Instance Creation time v Status v Actions
Labeling workforces

¥ Notebook There are currently no resources.

Lifecycle configurations

Git repositories

3. Putfollowing values to create instance
a. Give your choice of name for Notebook instance name e.g., “datalake-
Sagemaker”
b. You can leave Notebook instance type as default value “ml.t2.medium” for thislab.
Leave Elastic Inference as null. This is to add extra resources.
d. Choosearole for the notebook instances in Amazon SageMaker to interact with
Amazon S3. As role doesn’t exist select the Create new role option.
e. In Create an IAM Role pop up window, choose the specific S3 bucket you will grant
access to. For this lab, choose Any S3 bucket as shown below and click Create Role:
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https://console.aws.amazon.com/sagemaker/home

Create an IAM role X

Passing an IAM role gives Amazon SageMaker permission to perform actions in other AWS services on your behalf. Creating a role here will
grant permissions described by the AmazonSageMakerFullAccess E 1AM policy to the role you create.

The IAM role you create will provide access to:

() 53 buckets you specify - optional
Specific S3 buckets

| IExamp{e: bucket-name-1, bucket-name-2, bt

Comma delimited. ARNs, "*" and "/" are not supported.

© Any S3 bucket

Allow users that have access to your notebook instance access to any bucket and its contents in your account.

None

) Any 53 bucket with "sagemaker” in the name
) Any S3 object with "sagemaker” in the name
) Any 53 object with the tag "sagemaker” and value "true” See Object tagging [4]

(2 53 bucket with a Bucket Policy allowing access to SageMaker See 53 bucket policies [4

f.  You will see a Role got create, as you are going to Access Athena from SageMaker, so
SageMaker execution role must have the necessary permission to access Athena. To
achieve that click the link for newly created IAM Role andin the new window

Amazon SageMaker Creater instance

Create notebook instance

Amazon SageMaker provides pre-built fully managed notebook instances that run Jupyter notebooks. The notebook instances
include example code for common model training and hosting exercises. Learn more [

Notebook instance settings

Notebook instance name
datalake-Sagemaker
Maximum of 63 alphanumeric characters. Can include hyphens (-}, but not spaces. Must be unique within your account in an AWS Region.
Notebook instance type
mlt2.medium v
Elastic Inference Learn more [3

none v

P Additional configuration

Permissions and encryption

IAM role
Notebook instances require permissions to call other services including SageMaker and 53. Choose a role o let us create a role with the
AmazonSageMakerFullAccess 1AM policy attached.

AmazonSageMaker-ExecutionRole-20190531T143193 v

Root access - optional
© Enable - Give users root access to the notebook
Disable - Don't give users root access to the notebook



Dashboarg
Groups.

Users

Foles

Polcies

Identity providers
Account settings

Credential report

g. There is no Athena permission available in your SageMaker execution role. Inthis

case, it is “AmazonSageMaker-ExecutionRole-201905317143193". Click Attach Policies
button in Permissions tab.

Roles > AmaronSageMaker-ExecutionFiole-20190531T143163

* Summary

20190531T143183

Role ARN  am:aws:iam:
SageMaker from the SageMaker AWS Management Gonsole. | Edit
Instance Profile ARNs &)
Patn  fservice-role/

Creation time

Maximum CLIAPI session duration

Permissions  Trust relationships  Tags

Access Advisor

- Permissions policies (2 policies applied)
Encryption keys

gen

+ Permissions boundary (not set)

utionPolicy-201805317143193

2019-05-31 14:31 POT

1 hour Edit

Ravoke sessions

Delete role

© Add infine policy

Palicy type ~
AWS managed poley x
Managed palicy x

h. Filter policies by “Athena”, check AmazonAthenaFullAccess managed policyand click
Attach Policy button at the bottom of the screen. Close the new window/tab.

Add permissions to AmazonSageMaker-ExecutionRole-20190531T143193

Attach Permissions
Create policy

T
Filter policies - : Q athena |

Policy name ~ Type

AWS managed

» AWSQuicksightAthenaAccess AWS managed

Used as

Permissions policy (1)

-
<

Showing 2 results

Description

Provide full access to Amazon Athena and scoped access 1o the depende...

Quicksight access to Athena API and S3 buckets used for Athena query re...

After Athena policy to IAM Role, you can close this window and go backSageMaker

browser window.

i. Leave all other options default. Click Create notebook instance.



Permissions and encryption

IAM role
Notebook instances require permissions to call other services including SageMaker and S3. Choose a role or let us create a role with the
AmazonSageMakerFullAccess |AM policy attached.

AmazonSageMaker-ExecutionRole-201905317143193 v

© Success! You created an 1AM role, ' X
:AmazonSageMaker-ExecutionRole-201905317143193

Root access - optional
© Enable - Give users root access to the notebook

Disable - Don't give users root access to the notebook
Lifecycle configurations always have root access

Encryption key - optional
Encrypt your notebook data. Choose an existing KMS key or enter a key's ARN.

No Custom Encryption v

» Network - optional

» Git repositories - optional

» Tags - optional

Cancel Create notebook instance

4. Wait for the notebook instances to be created and the Status to change to Inservice
and Click Open Jupyter in from “Actions” column.

Amazon SageMaker X Amazon SageMaker > Notebook instances
Dashboard ~
E Notebook instances v Create notebook instance.
Search™™
[ bearsn stances 1 ®
Ground Truth
Labeling jobs [ Mame : dataake
Labeling datasets
Name ¥ Instance Creation time v st v Acions
Labeling workforces
----- i e
Notebook datalake-Sagemaker mit2.medium May 51,2019 21:48 UTC 1@ insenvice | 1 Open Jupyterl] Open JupyterLab

Notebook instances
Lifecycle canfigurations
Git repasitories

5. The notebook interface opens in a separate browser window.

c @ o). notebook.us-east-1 awstree
~ Jupyter OpenJupyterLab | Quit
Files Running Clusters SageMaker Examples Conda
Select items to perform actions on them. Upload |New~ |2
o -~ W/ Name ¥ Last Modified File size

The notebock list is empty.




Connect the SageMaker Jupyter notebook to Athena

: Ju pyter Open JupyterLab Quit
Files Running Clusters SageMaker Examples Conda
: | p—
Select items to perform actions on them. Upload z
SN
Notebook
o |~ |/ e

Sparkmagic (PySpark)

The notebook list is empty. Sparkmagic (PySpark3)
Sparkmagic (Spark)
Sparkmagic (SparkR)
conda_amazonei_mxnet_p27
conda_amazonei_mxnet_p36
conda_amazonei_tensorflow_p27
conda_amazonei_tensorflow_p36
conda_chainer_p27
conda_chainer_p36
conda_mxnet_p27
conda_mxnet_p36
conda_python2

|
ol on3 )

conda_pytorch_p27
conda_pytorch_p36
conda_tensorflow_p27

conda_tensorflow_p36

Other
Text File
Folder

Terminal

1. In the Jupyter notebook interface, click New. For the kernel, choose conda_python3.

Note: Amazon SageMaker provides several kernels for Jupyter, including support for Python 2
and Python 3, MXNet, TensorFlow, and PySpark. This exercise uses Python becauseitincludes
the Pandaslibrary.

2. Within the notebook, execute the following commands to install the Athena JDBCdriver
and in the top toolbar, click Run. (PyAthena is a Python DB API 2.0 (PEP 249) compliant
client for the Amazon Athena JDBC driver.)

import sys
{sys.executable} -m pip install PyAthena

: JupytEr Untitled Last Checkpoint: a minute ago (unsaved changes) #
File Edit View Insert Cell Kernel Widgets Help Trusted o |cnnc‘a python3 O
ea— |
B+ @& B+~ ¥ MR B C W GCode ME]

In [ ]: import sys
I {sys.executable} -m pip install PyAthena

Observe success message in log:


https://www.python.org/dev/peps/pep-0249/
https://www.python.org/dev/peps/pep-0249/
http://docs.aws.amazon.com/athena/latest/ug/connect-with-jdbc.html

In [1]: import sys
1{sys.executable} -m pip install PyAthena

Collecting PyAthena

Downloading https://files.pythonhosted.org/packages/32/b6/841b79b42dad6044429596bfed6f669131b59328fa630171538d85adf
fbe/PyAthena-1.6.1-py2.py3-none-any.whl (50kB)

100% | HNEEENEEDRERDRERRRRRRNERNERENNNE | 1kB 18.3MB/s ta 0:00:01

Requirement already satisfied: botocore>=1.5.52 in /home/ec2-user/anaconda3/envs/python3/lib/python3.6/site-packages
(from PyAthena) (1.12.146)
Collecting future (from PyAthena)

Downloading https://files.pythonhosted.org/packages/90/52/e20466bB5000al8lelel44£d8305caf2cf475e2£96742797b222£8105
£5f/future-0.17.1.tar.gz (829kB)

100t | NEEEENEEEEEEEEENEREN RN | czokp 21.3MB/s ta 0:00:01

Collecting tenacity>=4.1.0 (from PyAthena)

Downloading https://files.pythonhosted.org/packages/6a/93/dfcf5blb46ab29196274b78dcba69fab5e54b6dc303aleed90a79194d
77/tenacity-5.0.4-py2.py3-none-any.whl
Requirement already satisfied: boto3>=1.4.4 in /home/ec2-user/anaconda3/envs/python3/lib/python3.6/site-packages (fro
m PyAthena) (1.9.146)
Requirement already satisfied: jmespath<l.0.0,>=0.7.l1 in /home/ec2-user/anacondal/envs/python3/lib/python3.é/site-pac
kages (from botocore»=1.5.52->PyAthena) (0.9.4)
Requirement already satisfied: docutils>=0.10 in /home/ec2-user/anaconda3/envs/python3/lib/python3.6/site-packages (f
rom botocore>=1.5.52->PyAthena) (0.14)
Requirement already satisfied: python-dateutil<3.0.0,>=2.1; python_version >= "2.7" in /home/ec2-user/anaconda3/envs/
python3/lib/python3.6/site-packages (from botocore>=1.5.52->PyAthena) (2.7.3)
Requirement already satisfied: urllib3<l.25,>=1.20; python_version >= "3.4" in /home/ec2-user/anaconda3/envs/python3/
lib/python3.6/site-packages (from botocore>=1.5.52->PyAthena) (1.23)
Requirement already satisfied: six>=1.9.0 in /home/ec2-user/anaconda3/envs/python3/lib/python3.6/site-packages (from
tenacity>=4.1.0->PyAthena) (1.11.0)
Requirement already satisfied: s3transfer<0.3.0,>=0.2.0 in /home/ec2-user/anaconda3/envs/python3/lib/python3.6/site-p
ackages (from boto3d>=1.4.4->PyAthena) (0.2.0)
Building wheels for collected packages: future

Running setup.py bdist_wheel for future ... done

stored in directory: /home/ecz—user/.cacne/p_iy/wheels;‘cc/al/dz/‘dlﬁkﬂal’mz5BZthbsBeeﬁa&BEBdheqﬁﬁddﬁﬂsﬁdaﬂzlbfﬂae

ls_uc?es_sf_ul_ly_bu_iﬂ: future T T TTTTT
| tnstalling collected packages: future, tenacity, PyAthena |
| successfully installed PyAthena-1.6.1 future-0.17.1 tenacity-5.0.4l

Note: If an error occurs, you may be required to set a file system path for an applicationthat
helps build the driver software. If this is the case, follow these steps.
a. Inyour home notebook window, select New > Terminal.

Files Running Clusters SageMaker Examples Conda
Select items to perform actions on them. Upload || New = }::
o~ |my ) A
Sparkmagic (PySpark)
Untitled.ipynb Sparkmagic (PySpark3) kB

Sparkmagic (Spark)
Sparkmagic (SparkR)
conda_amazonei_mxnet p27
conda_amazonei_mxnet_p36
conda_amazonei_tensorflow_p27
conda_amazonei_tensorflow_p36
conda_chainer_p27
conda_chainer_p36
conda_mxnet_p27
conda_mxnet_p36
conda_python2

conda_pythond
conda_pytorch_p27
conda_pytorch_p36
conda_tensorflow_p27

conda_tensorflow_p36

Othar:
Text File
Folder

1
[Terminal ,

b. Copy following command and press Enter.
sudolIn-s /usr/libexec/gcc/x86_64-amazon-linux/4.8.5/cclplus /usr/local/bin/
" Jupyter

sh-4.2% sudo 1ln -s /usr/libexec/gcc/x86_64-amazon-linux/4.8.5/cclplus fusr/local/binfl

C. Run the original paragraph code from Step 2 again to build the AthenaJDBCdriver.



Working in Pandas

After the Athena driver is installed, you can use the JDBC connection to connect to Athena andpopulate
the Pandas data frames. For data scientists, working with data is typically divided into multiple
stages: ingesting and cleaning data, analyzing and modeling data, then organizing the results of the

analysisinto a form suitable for plotting or tabular display. Pandasis the ideal tool for all of these
tasks.

1. You can load Athena table data from data lake to Pandas data frame and apply
machine learning. Copy following code in your notebook and replace following:
a. Account number: Run the following command in the notebook cell and get the AWS
account Id.

laws sts get-caller-identity --query Account

In[7]: Taws sts get-caller-identity --query Account
"913536263025"
b. Yourregion: Run the following command in the notebook cell and get the current
AWS region.

laws configure get region

In [8]: !'aws configure get region

eu-west-1

C. Your Athena Database name, this is the Glue Database name which you createdduring
previous lab e.g., “ticketdata”. If the S3 bucket doesn’t exist then create it in the
correct region.

from pyathena import connect

import pandas as pd

conn = connect(s3_staging_dir='s3://aws-athena-query- results-<youraccountnumber>-<yourregion>/',
region_name='<yourregion>'")

df = pd.read_sql('SELECT * FROM "<yourathenadatabase>"."nfl_stadium_data" order by stadium limit 10;'
conn)
df

2. Click Runand data frame will display query output.



In [3]: from pyathena import connect
import pandas as pd

conn = connect(s3_staging dir='s3://aws-athena-query-resultsy :Eug—gasﬁz—_lr' i
_________ o

df = pd.read sql{'SELECT * FROMMticketdata'l "nfl stadium data" order by stadium limit 10;', conn)
—

df
out[3]:

stadium seating capacity location surface roof team opened sport location id
1] AT&T Stadium  +8.0000000000000000e+04 “Arlington Texas® Matrix RealGrass artificial turf Retractable Nane 2009
1 Arrowhead Stadium  +7.6416000000000000e+04 “Kansas City Missouri® Latitude 36 Bermuda Grass Open None 1872
2 Bank of America Stadium  +7.5419000000000000e+04 “Charlotte  North Carolina® Voyager Bermuda Grass Open MNone 1996
3 CenturyLink Field +6.8000000000000000e+04 "Seattle ‘Washington® FieldTurf Revolution QOpen Mone 2002
4 EverBank Figld +6.7246000000000000e+04 "Jacksonville Florida® Tifway 419 Bermuda Grass Open None 1995
5 FedExField +8.2000000000000000e+04 "Landover Maryland® Latitude 36 Bermuda Grass Open None 1897
[ FirstEnergy Stadium  +6.7431000000000000e+04 "Cleveland Chio* Kentucky Bluegrass Open MNone 1899
T Ford Field +6.5000000000000000e+04 *Detroit Michigan® FieldTurf Classic HD Fixed None 2002
8 Georgia Dome  +7.1250000000000000e+04 “Atlanta Georgia® FieldTurf Classic HD Fixed None 1992
9 Gillette Stadium  +6.6829000000000000e+04 “Foxborough Massachusetis” FieldTurf Revolution Open MNone 2002

In this query, you are loading all nfl statdium information to panda dataframe fromtable
nfl_stadium_data.

Note:
if you get a SageMaker does not have Athena execution permissions error issue. You need to add
Athena Access to the Sagemaker role as steps provide in previous section.

3. You can use apply different ML algorithm in populated Pandas data frames. For example,
draw a plot. Copy following code in your notebook and replace Your Athena Database name;
this is the Glue Database name which you created during previous lab
e.g., “ticketdata”.

In this query, you are loading all even ticket information to panda dataframe from table
sporting_event_ticket_info.

df = pd.read_sql('SELECT sport, \
event_date_time, \
home_team,away_team, \
city, \
count(*) as tickets, \
sum(ticket_price) as total_tickets_amt, \
avg(ticket_price) as avg_ticket_price, \
max(ticket_price) as max_ticket_price, \
min(ticket_price) as min_ticket_price \
FROM "<yourathenadatabase>"."sporting_event_ticket_info" \
group by 1,2,3,4,5\
order by 1,2,3,4,5 limit 1000;', conn)

df

4. Click Runand data frame will display query output
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In [15]: df = pd.read sql('SELECT sport,
event_date_time,
home_team,away_team,

P

city,
count(*) as tickets, L
sum(ticket price) as total tickets amt, \
avg(ticket_price) as avg_ticket price, \
max(ticket_price) as max_ticket price, \
min(ticket_price) as min_ticket_price \
FROM "ticketdata"."sporting event ticket_info" \
group by 1,2,3,4,5 \
order by 1,2,3,4,5 limit 1000;', conn)
df
out[15]:
sport  event date time home team  away team city tickets total tickets amt avg ticket price max ticket price min_ticket price
2018-04-07 . Milwaukee
0 Dbaseball 00:00:00 Chicago Cubs Cias Chicago llinois 2782 130163.04 46.620000 77.70 31.08
2018-04-07 e - San Diego " i
1 baseball 00:00:00 Gincinnati Reds Padran Cincinnati Ohio 2888 9232214 31.967500 33.65 26.92
2018-04-07 Golorado St. Louis Denver
2 baseball 00:00:00 Rockles Cardinals Golorado 3800 262764.00 72.990000 145.98 48.66
2019-04-07 Kansas City Colorado Kansas City
3 Dbaseball 00:00:00 Royals Rockies Missouri 2488 140024.64 56.280000 75.04 3r.52
2018-04-07 San Francisco Cleveland San Francisco
4 baseball 00:00:00 Giants Mk California 2848 109505.60 38.450000 61.52 30.76
2019-04-07 New York St. Petersburg
5 baseball 00:00:00 Tampa Bay Rays Yankses Florida 1888 91883.36 48.720000 64.96 32.48
2018-04-07 Toronto Blue
6 Dbaseball 00:00:00 Texas Rangers Jays Arlington Texas 3400 178415.00 52.475000 83.96 41.98
In [ ]:

5. Innew execution line copy following code
import matplotlib.pyplot as plt
df.plot(x="event_date_time',y="avg_ticket_price")

6. Click Runand you will see data plot which got draw using matplotlib library.

In [17]: 4import matplotlib.pyplot as plt
df.plot(x="event date time',y="avg ticket price’)

Out[1l7]: <matplotlib.axes. subplots.AxesSubplot at 0x7fcalc0b26dE=>

ag {4 — awg_ticket_price
80 A
70 4
B0 -
504 [y ;‘rf

AD

30_

ob P
q - g -
b 15{»

g

_&\qﬁ% _pq-“n _P\q-“ﬁ _pq-“q _pﬂs-"@ _tp\q-"*\‘ ,&\q-ﬂ

event_date_time
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