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What is machine learning?

Machine learning: Al machines that improve their predictions by learning
from large amounts of input data

Deep learning: ML Als that use complex “artificial neural networks” to
greatly improve their predictions and decisions

Artificial intelligence (Al): Machines that are programmed to perform the
tasks that normally require humans



The Amazon Machine Learning stack
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The machine learning process
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Problem:

Monitoring the multiple RDS metrics and identifying the problematic
instance configuration is a time-consuming task. Manual tasks can also

lead to human errors.

Solution:

In this session, we create the solution using machine learning to analyze
the workload.



RDS: Amazon CloudWatch metrics

CloudWatch (14 | O | | Add instance to compare | | Monitoring W Last Hour

Legend: | database-3
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Data collection

E Administrator: Windows PowerShell ISE
Ell'E Eljlt EiE'I.‘.' ICICI'S Eebug E.:l.:l-;:.ns HEIP
U & 3 4 x| 9 E

Untitled1.ps1 |ric:|udwatcher.|:ns'l* Untitled2.ps1* | cloudwatcher.ps1 | DataCollection.ps1 X | Untitled3.ps1*
14  param
15 =
1¢ 'CD]]E:tiDn'.

wffRDE',

'ReadlLaten cy ', "ReadI0OP5', "ReadThroughput', "Writelatency', "WriteI0P5", "WriteThroughput'

EI addHours (-24),
addHnur=-— 7,

:%iMonitorScriptsiOutput”,
_:hriﬂg_rln t:n:EEdldLun kupList = "D:%iMonitorScripts =5eruer5.c5v'

#Params
___|1pf ‘ath = 'D: 1vﬁn1fur1cr1p

10-14-2019 04:04:37

Generate C5V

Task complete, pickup vour file from the share “)\localhostcompletediCollected Metrics_60_Average_20191013-040436_20191014-030436_201%
11 be auvtomatically deleted

10-14-2019 04:04:37

Uploading C5V to SQLDB

All done, Terminating Script

P5 D:%iMonitorScripts= .‘\DataCollection.psl -CollectionType "Collection” -AWSRegion "us-west-2° -UtcS5tartTime "2019/10/07 00:00" -UtckE
Entering lookup Tist

Collecting 60 between 20191013-040702 and 20191014-030702

Collecting metrics: CPUEiTlization Readlatency ReadIOPS5 ReadThroughput Writelatency WriteIOPS WriteThroughput DhskQueuelepth FreeStoral
DELoadMonCPU DBELoadCPlU FreeableMemory

Data collection for objects listed in the file D:%iMonitor5cripts\Servers.csv

Data collection for database-3
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CloudWatch metrics: Collected by

format

Timestamp
10/13/2019 4:07|database-13
10/13/2019 4:07 |database-13
10/13/2019 4:07 |database-13
10/13/2019 4:07|database-3
10/13/2019 4:07|database-13
10/13/2019 4:07 |database-13
10/13/2019 4:07|database-13
10/13/2019 4:07 |database-13
10/13/2019 4:07 |database-13
10/13/2019 4:07|database-13
10/13/2019 4:07|database-13
10/13/2019 4:08|database-13
10/13/2019 4:08|database-13
10/13/2019 4:08|database-13
10/13/2019 4:08|database-13
10/13/2019 4:08|database-13
10/13/2019 4:08|database-13
10/13/2019 4:08|database-13
10/13/2019 4:08|database-13
10/13/2019 4:08|database-3
10/13/2019 4:08|database-13

A B

Instanceld

D

Metric
FteadThrnu:rhput m
Free alulel"ﬂer'nc:r"g,f

WriteThroughput 2303.00
DiskQueueDepth 0.00
WritelLatency 0.00

'

m
ResdiPs | 000
writeloPs | 0.00
DatabaseConnections m
Readlatency | 000
FreeStorageSpace

ReadThroughput

HealeFﬂ m
Writelatency | 0.00

PowerShell in CSV



Data preparation & cleaning

Object Explorer 501 Query20.5gl - E...Administrator (1)) S50LCQuery19.5gl - E...Administrator (38))* + X
B --select * trom tbllnstancelontig
Connect~ ¥ *if TY & .

| @ EC2ZAMAZ-PMHBLES (SOL Server 14.0.3048.4 - EC2AN & —IUPDATE A
= Databases SET A.FreeableMemory = round(((b.MyValue/1848576),/1824%1688) /{@memory ,2)

FROM tblDecisionMakingWValues A, tblCSVDataProcessing B
WHERE A.mytimestamp = B.mytimestamp and B.Metric = 'FreeableMemory’

Systermn Databases
Database Snapshots

AdventureWorks2017 declare [@dgq as int

set f@dg = @iops/288

ODEREEE

Database Diagrams —-IUPDATE A
Takles SET A.DiskQueueDepth = 5
System Tables FROM tblDecisionMakingWValues A, tblCSVDataProcessing B
FileTables WHERE A.mytimestamp = B.mytimestamp and B.Metric = 'DiskQueuelepth’ and (b.MyWValue + 5

External Tables — UPDATE A
Graph Tables SET A.DiskQueueDepth = 28

B dbo.mydatetime 100 % | 4

EH dbo.tblCSVDataProcessing FH Resuts 2§ M
esults essages

R dbo.tblCWatchMetrics
ER dbo.tbiDecisionMakingValues My Timestamp Instanceld BurstBalance  CPULKlization  DatabaseConnections DBLoad

EH dbo.tblinstanceConfig : database-3 0 100 0 0

BT dbo.tblserverlist 2019-10-13 07-10:00.000  database-3 67 206 200.016393442623
Views 2019-10-13 14:36:00.000  database-3 Fil 206 200

2019-10-13 15:05:00.000  database-3 6o 206 200.033333333333
2019-10-14 01:16:00.000  database-3 T2 206 200

2019-10-14 01:45:00.000 database-3 G4 206 20005084 7457627
20191013 07 23:00.000  database-3 Bl 206 200

2019-10-13 08:38:00.000 database-3 48 206 200

2019-10-13 11:44:00.000  database-3 206 0

2019 10-13 12:06:00.000 database-3 206 200

External Resources
Synonyms

0HEBE

Pregrammability

e O = E T & 5 R SO SE T S

Stored Procedures
System Stored Procedures
dbo.datacleansing
Functions

e [ == [ e [ e R e [ s [ e R = [ =

Database Triggers

L = =]




Output file to train the ML model

A B C D E F G
CPUUtilization |DiskQueueDepth |FreeableMemory |FreeStorageSpace |Latency |IOPSPercent |ThroughputPercent |Decision
67 74.19 20| 0.7340323 32.99 |Disk,Low Storage
70 19.34 20| 1.33792073 33.78| Memory,Disk,Low Storage, High 10 Latency
68 19.28 86.83| 0.92694825 32.65|Memory,Disk
72 18.81 86.81 2 32.71|Memory,Disk, High 10 Latency
b4 18.77 80.8| 0.95284423 33.12|Memory,Disk
50 72.14 95.23 3 35.61|Disk,High 10 Latency
48 58.63 92.97 4 27.88 |Disk, High 10 Latency
52 23.8 87.53| 0.50071423 29.15 |Disk
71 19.43 86.84 5 34.61|Memory,Disk,High 10 Latency
11 19.22 86.83 b 31.45|Memory,Disk, High 10 Latency
71 19.03 86.82 7 32.32|Memory,Disk, High 10 Latency
68 18.97 86.82 8 32.38|Memory,Disk,High 10 Latency
67 18.96 86.82| 0.88515428 32.54|Memory,Disk
72 18.81 86.81 g 32.51|Memory,Disk,High 10 Latency
58 18.97 86.82 10 31.77|Memory,Disk, High 10 Latency
42 5 18.97 86.81 11 33.7 |Memory,Disk,High 10 Latency
84 5 50.91 91.79| 0.68257465 20.42.Di5k
53 5 45.63 90.91 33.88 | Disk High 10 Latency

Hb /] : d( ) Y 0.63 [Disk
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Jupyter Notebook: Build, train & deploy the model

"~ Jjupyter My-Dry-Run-Demo1-Copy1 utosaved)

File Edit View Insert Cell Kernel Widgets Help Trusted

sjulodpugz

&
[34Eales UDZEWY

LG5I

+ s« A B ¥ MRun EHB C M Code @ nbdiff
importT pandas as pd
import numpy as np
from datetime import datetime
import io
import sagemaker.amazon.common as smac

qol-JaulEa)-1eaun

import boto3
from sagemaker import get_execution_role
import sagemaker

ELLIE

import matplotlib.pyplot as plt
import seaborn as sns

role = get_execution_role()

bucket="dryrun-2"

sub_folder = 'Input’

data_key = 'jd-cwdata.csv'

data_location = 's3://{}/{}/{}" .format(bucket, sub_folder, data_key)

L TERIF0TET L T-I5oM-sN I ELURbes M

Amazon SageMaker

Models

Creation time

1-lingar-learner-job-2019101421 2441 arn:aws:sagemaker:us-west-2:7 1282046892 4:model fowm291 -linear-learner-job-20191014212441 Oct 14, 2019 21:25 UTC

qol-JauJeal-seaul- | g5 LUMmI/Iujodpua




Lambda & AP| Gateway

invoke-sagemaker-endpoint Throttle | | Qualifiers ¥ ¢ Method xecuion /- POST - Method Test

Fle EQ  Finga view o0 0DIE  WWINDOW

Make atest call to your mathad with the provided input

mvokesagemakers L3 - B lambda_function . .
zmbda funcion. Path Equest: /
lambda_function.py import os d e
s Mo path parameters exist for this resource. You can define path alls
import boteo3

: o parameters by using the syntax {myPathParam} in a resource path. Latency: 1004 ms
import json

import csv QuerySties Respanse Body
¥

Ermsironment

o = T, B O Ry ]

# grab environment variables
ENDPOINT _MWAME = os.environ['ENDPOINT _MNAME'] Mo query string parameters exist for {his meihod. You can add them via “Alert : Busy Disk
runtime= boto3.client('runtime.sagemaker") \ethod Request

Response Headers

| == LY = ==

def lambda_handler(event, context):
print("Received event: " + json.dumps{event, indent=2)} Headers

== |
Lt fed

{"X-Amzn-Trace-Id": "Root=1-5das57he - 128541d3df EA95h6T148a4; Sampled=8", "Content-T
Mo header parameters exist for this method You can add them via ype": "application/jsen”}
Method Request

data = json.loads{json.dumps(event))
payload = data['data']
print{payload)

n e

F
L

=
=]

Logs

=
(=2

response = runtime.invoke endpoint{EndpointName=ENDPOINT _NAME, .
ContentType="text/csv’, Stage Variables
Body=payload)

£

F
L

Execution log for request Bebaaaal-a7s9-4753-beed-Ba37f2¢580%¢ea

(%]
==

orint(response) Ho stage variables exist for this method Tue Oct 15 85:23:18 UTC 2019 : Starting exgcution for request: Sebagaal-a759-4753-
result = json.loads(response['Body'].read{).decode()) bee-g837f2c58%¢a
print(result) Request Body Tue Oct 15 85:23:18 UTC 2819 : HTTP Method: POST, Resource Path: /
pred = int(result['predictions'][@][ 'predicted_label']) ’ Tue Oct 15 25:23:18 UTC 2019 : Method request path: {}
B { Tue Oct 15 85:23:18 UTC 2619 : Method request query string: {}

if(pred == 0): , L0 teats 60,5, .10, ,0.73,1, 2.9 Tue Oct 15 85:23:18 UTC 2019 : Method request headers: {}

return "Alert : Busy Disk and Low Free Storage' i} . i o . .
if(pred - ue Oct 15 @5:23:10 UTC 2019 : Method request body before transformations: {

return 'Alert : Low free Memory, 'data": "67,5,74.19,20,0.73,1,32,99"
if{pred ==

[ O O R Y O R N T N |
[== RN = L RN, I SO T N

Busy Disk, Low Free Storage and High IO Latency'

(g
LE

3

i
(==

Tug Oct 15 95:23:18 UTC 2019 : Endpoint request URI: hifps://lambda.us-west-2.amaz
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Thank you!

Jugal Shah
jugashah@amazon.com
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