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General Manager
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Highly Recommended
http://al6z.com/2016/12/16/tkad-of-cloud-computing/

Return to the Edge and the
End of Cloud Computing

PEAFK =
Peter Levine, Andreessen Horowitz
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Amazon Kinesis Firehose

Load massive volumes of streaming data into S3,Reds hi f t , El as

---------- I= D REDSHIFT -------2»--b
FIREHOSE . @ _ﬂﬂﬂ_

" AMAZON ES ----

A Zero administration: Capture and deliver streaming data into Amazon S3, Amazon Redshift, and
other destinations without writing an application or managing infrastructure.

A Direct-to-data store integration: Batch, compress, and encrypt streaming data for delivery into
data destinations in as little as 60 secs using simple configurations.

A Elastic: Scales to match data throughput w/o intervention

A Serverless ETL using AWS Lambda - Firehose can invoke your Lambda function to transform
Incoming source data.



Amazon Kinesis Analytics

ANALYTICS
Connect to Kinesis streams, Run standard SQL queries Kinesis Analytics can send processed data to
Firehose delivery streams against data streams analytics tools so you can create alerts and

respond in real-time

AApply SQL on streams: Easily connect to a Kinesis Stream or Firehose Delivery
Stream and apply SQL skills.

ABuild real-time applications: Perform continual processing on streaming data with
sub-second processing latencies using ANSI SQL

AAutomatics Scalability : Serverless, elastically scales to match data throughput.



©
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Whatis
serverless?

Build and run applications
without thinking about servers



Let’s take a look at the evolution of computing

Physical servers
in data centers




Let’s take a look at the evolution of computing

Physical servers Virtual servers
in data centers in data centers
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Let’s take a look at the evolution of computing

Physical servers Virtual servers Virtual servers
in data centers in data centers in the cloud
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Each progressive step was better

Virtual servers Virtual servers
in data centers in the cloud

» Higher utilization o et o el
o Ll e

» Faster provisioning speed r & IS S i
- Improved uptime 3O e : o i o mmp 67T
- .3..-. ccccoee ..z. J—‘ E: .?m“"::':i . E i.e"“:.:j
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Each progressive step was better

Virtual servers
in the cloud

« Higher utilization Trade CAPEX for OPEX

« Faster provisioning speed « More scale E SJHL] '§"
- Improved uptime - Elastic resources N g: D
 Disaster recovery  Faster speed and agility Qi ;_ Qi
- Hardware independence « Reduced maintenance e
. Better availability and fault s R

tolerance N W B e




But there are still imitations

Still need to administer
virtual servers

Still need to manage
capacity and utilization

Still need to size
workloads

Still need to manage
availability, fault tolerance

Still expensive to run
Intermittent jobs

Trade CAPEX for OPEX
More scale

Elastic resources

Faster speed and agility
Reduced maintenance

Better availability and fault
tolerance

Virtual servers
in the cloud

.............

| I ——

...............

..............

...............

.............




Evolving

to serverless
SERVERLESS

Physical servers Virtual servers Virtual servers A (Q)

in data centers in data centers in the cloud

&



No server is easier to manage than no server

All of these responsibilities
go away
Provisioning and Utilization

&




EC2 Compute Instance Types

General Compute Storage and 10 Memory G:g(;:d
purpose optimized optimized optimized accelerated
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Model

t2.nano

t2.micro

t2.small

12.medium

t2.large

t2.xlarge

t2.2xlarge

vCPU CPU Credits / hour

1 3

1 6

1 12
2 24
2 36
4 54
8 81

Mem
(GiB)

0.5

16

32

Storage

EBS-
Only

EBS-
Only

EBS-
Only

EBS-
Only

EBS-
Only

EBS-
Only

EBS-
Only



Model

m4.large

m4.xlarge

m4.2xlarge

m4.4xlarge

m4.10xlarge

m4.16xlarge

vCPU

16

40

64

16

32

64

160

256

SSD
Storage
(GB)

EBS-
only

EBS-
only

EBS-

only

EBS-
only

EBS-
only

EBS-
only

Dedicated EBS
Bandwidth (Mbps)

450

750

1,000

2,000

4,000

10,000



Model

m3.medium
ma3.large
ma3.xlarge

ma3.2xlarge

vCPU

Mem
(GiB)

3.75
7.5
15

30

SSD Storage
(GB)

1x4
1 x32
2 x40

2 x 80



Model

cd.large

c4.xlarge

c4.2xlarge

c4d.4xlarge

c4.8xlarge

vCPU

16

36

(GiB)

3.75

7.5

15

30

60

Storage

EBS-
Only

EBS-
Only

EBS-
Only

EBS-
Only

EBS-
Only

Dedicated EBS
Bandwidth (Mbps)

500

750

1,000

2,000

4,000



We Love Ourselves Some Compute

NEW!

Lightsail -

D00 OE

Eﬂiﬁw

\

y

Simple VPS

Burstable

General Purpose

Dense storage

Memory Intensive

Large memory

High1/0

|
Compute Intensive

General Purpose
GPU

Graphies Intensive

FPGASs.



No server is easier to manage than no server

: @
All of these responsibilities
go away
. Uitaa

Avallability and Fault Tolerance (\’5




No server is easier to manage than no server

: @
All of these responsibilities
go away
. Uitaa

Scaling {\PB




No server is easier to manage than no server

: @
All of these responsibilities
go away
o o

-Operations-ant-venagement




Serverless is a form of event-driven computing

Event-driven computing

Function as a Service



Deliver on demand, never pay for idle

EVENT DRIVEN CONTINUOUS SCALING PAY BY USAGE




Serverless changes how you deliver

- © Dedicated time
to Innovation

Speeds up
time to market

Eliminates operational
complexity

Increases developer
productivity




Building blocks for serverless

* Amazon S3 . Amazon DynamoDB

API Proxy Messaging and Queues Analytics

e Amazon SQS
* Amazon AP| Gateway - AMmazon Kinesis

‘ Amazon SNS

Orchestration and State Management Monitoring and Debugging Edge Compute

el AWS Greengrass
‘ Lambda@Edge

*

@ AWS Step Functions BX AWS X-Ray




Academics agree: serverless + big data = <3

(Source: arXiv)

Occupy the Cloud: Distributed Computing for the 99%

Eric Jonas, Shivaram Venkataraman, lon Stoica, Benjamin Recht

University of California, Berkeley

Abstract

Distributed computing remains inaccessible to a large
number of users, in spite of many open source platforms
and extensive commercial offerings. While distributed
computation frameworks have moved beyond a simple
map-reduce model, many users are still left to strug-
gle with complex cluster management and configuration
tools, even for running simple embarrassingly parallel
jobs. We argue that stateless functions represent a viable

platform for these users, eliminating cluster management

ArvrarhanAd FialfhiTliem s tha smsasrmica ~Af Alactisatar Chrstlnse

learning graduate students have never written a cluster
computing job.

In this paper we argue that a serverless execution
model with stateless functions can enable radically-
simpler, fundamentally elastic, and more user-friendly
distributed data processing systems. In this model. we
have one simple primitive: users submit stateless func-
tions that are executed in a remote container and inputs,
outputs for the function are accessed from shared remote
storage. By removing the notion of servers from end
users, we can avoid the significant developer and man-



Serverless today



Common Use Cases

O
000 mum \ <>
°é</> %o : J =
8 S i I
. ] S LT
10_O¢ O
Web Backends Big Data Chatbots Amazon Alexa IT Automation
Applications A Real time A Powering voice A Policy engines
A Static websites A Apps & services & MapReduce A Powering enabled apps A Extending AWS
A Complexweb A Mobile A Baich chatbotlogic A Alexa Skills Kit services
apps A loT A Infrastructure
A management

Packages for
Flask and
Express



Common Use Cases

560 Web Applications and Backends

b —— g

AWS Lambda
function

Web Backends —_— *_>G
Applications : D —— AN s o
: : . g1
A Static websites A Apps & services  wesses 2:
A Complex web A Mobile 3
Qo All pub[icly
appS 0 accesslble
A IOT Services — G —_— . endpoints

A Packages for
Flask and
Express

AWS Lambda Amazon DynamoDB

function / amaz'on
webservices




Common Use Cases

_________________________

Parallel

Lambda + Step Functions
Image Recognition and Processing Backend

.

Extract and validate
image metadata from

S3 object (EXIF, size,

AWS format, etc.)
Amazon S3 Start state Lambda
machine
AWS execution
Lambda
- AN
—_— Lambda
Test Web - Invoke Rekognition .
App API for object
AWS Step Functions recognition Amazon
Rekognition
AWS
Lambda
Store extracted image
metadata and
identified object tags ;
Amazon in Dynan:oDB g Generate image
thumbnail

DynamoDB AWS
Lambda






How IRobot leverages AWS

E é-ni'-;"-lz":l"é;"""'; '..E;...;;:t.;.;.i OTA Flrmware Reset Mqlntenu nce _,............................_; E_,...M.i.s.;.i.s.l;....._
e i Asgociqte Ro ot i | Update i i Data i | Reset Robot i iHistory

. Complex Push o : ne zone ': Serwces Robot Prefs Commqnds

- i Mapping : Not|f|cat|on : Management ; : Discovery & Settmgs & Stqtus
E INTERNET APPLICATION STORAGE &

:  OFTHINGS MOBILE SERVICES SERVICES CONTENT DELIVERY

: r_ 1 s

: 113 TRl

: AWSoT AmazonCognito  Amazon Amazon APl Amazon Amazon Amazon

. SNS Gateway SQs CloudFront S3

» MANAGEMENT TOOLS COMPUTE SECURITY

. Ama on AWS AWS | AWS AWS l ‘

. CloudWatch CloudFormation  CloudTrail Config Lambda AWSWAF  AWSKMS  AWS IAM
. ANALYTICS DATABASE NETWORKING
 &phes ew 1%

. v _

. Amazon Amazon Amazon Amazon Amazon Amazon

* Kinesis  Elasticsearclservice QuickSight DynamoDB  Redshift Route 53 ~ Amazon VPC
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Serverless is Distributed by Nature

A Component graph become:
call graph

ADistributed systems thinkin
IS required from the start

<

iRobot Roomba

AEventbased architecture

U)o,

.....................................................................

OTA Update API Create Deployment

0
.,
....................................................................

,
3
:1]11 .|||r|2 111 >|||n

..................................................................................................................................................................
-

e,

AWS loT

>
L

.JOTACandidate

3-P

4 >||ln 4

List Things Pager  Create Worker Create Deployment Deployment Publisher

78 Lambda". 3 Queue SQS Lambda (async) Queue 5QS Lambda (async) topic
[ 2 . A -
;' 2 \
J ; A < 6 »l n 5
| || l n \ : Creation Completed (o a4iny Completed
9; \ T~ Queue SQS ~ Lambda
/ Deployment Admin ~— 6 "6
Lambdas | 8§ ’
< A
12 < 12 The A
MQTT - 8 T
/ Desired/deployment Temp IOT Rule Kinesis Stream
", Thing Shadow 10 ’
9 o /" Deployment tables

I B > —»> l 10 DynamoDB

Deployment Start Deployment Start Deployment Start 5 - n
Lambda . Queue SQS Worker Lambda i - Robot |serter
.9' 4 11 11 o A y ) Lambda
1 >| N
Deployment Started Deployment Started v
Queue 5Q5 Worker Lambda KMS Logging from every

Us-east-1 region Lambda

-t
..................................................................................................................................................................



Common Use Cases

000
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A Static websites

A Complex web
apps
A Packages for

Flask and
Express

Inputs Map Phase Reduce Phase Results



Common Use Cases

000

Web
Applications

A Static websites

A Complex web
apps
A Packages for

Flask and
Express

Reducer step 1
Input bucket

reducer output
;ob state

@ \ event recursively

: source creare

: n'lh reducer

)} —» step
ﬁ
Driver mapper Coordinator
output
@ Result
Final Reducer

Mapper Functions

https://github.com/awslabs/lambda-refarch-mapreduce



PyWren: a massive data framework for Lambda

* Open source MapReduce
framework using Lambda

30000
—— peak GFLOPS
25000 —— effective GFLOPS
« 25 TFLOPS performance o O
O 15000
© 10000
e 60 GB/sec read and 50 5000
GB/sec write to S3 ’s @ w0 & B0 =
time (sec)

https://github.com/pywren/pywren
http://pywren.io/
http://ericjonas.com/




Now run denser workloads with Lambda

Default concurrency

600 concurrent functions



Common Use Cases

Lambda + S3 .
_ : : r ‘
Example: Imbnun’ Creation & I:IS‘-*>|:|
10 of N =2
Lambdais N=I=l¥ O
triggered

Web
Applications

A Static websites

A Complex web
apps

A Packages for
Flask and
Express

(D)hatbcis Q)ﬂazonA E TE]AI‘

A Powering voice A Policy engines

A Apps & services A Reatime A Powering enabled apps 4 Extending AWS
| chatbotlogic A Alexa Skills Kit services

A Mobile Pﬁﬂmﬁgﬂb‘ g L ambda runs image resizing code to generate

A loT A éaa%ﬁm web, mobile, and tablet szes A Infrastructure

management



Common Use Cases

Lambda + Kinesis BynamoDB

Example: Analysis of Streaming Social Media Data

Lambda is

triggered
Data s Tﬂ%z =ﬁ= | Social media trend data

_ o ":'ih-“‘:;;; , [ :I @ immediately available for
Processi ng snemwenr T o= business users to query
A Real time KINESIS DYNAMODB
A I\/IapReduce Social media stream is | ambda runs code that generates hashtag
loaded into Kinesis in real-time trend data and stores it in DynamoD8

A Batch



Common Use Cases

45.5. Lambda {DynamoDB+ Redshift
LJ

- g

[ =

N

Data
Processing

A Real time
A MapReduce
A Batch



