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Learning ODbjectives

 List and describe several real-world PaaS solutions.

e List and describe cloud-based database solutions and describe their
advantages.

* Discuss the development history that led to PaasS.



| Platform as a Service
GeES)
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.| Advantages

L/ \ L/ L/

system and database software.

 Computing resources no longer reside in the data
center, but rather in the cloud,

— the resources can scale on demand
— the company can pay for only resources it consumes.
e Further, because PaaS eliminates the developers’

need to worry about servers, they can more
quickly deploy their web-based solutions.
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Disadvantages




 Google App Engine provides platform support for
a variety of programming languages
— Java, Python, and Go.

 Google App Engine is a free service.



Application program interface (API) support for application-based e-
mail through Google services

A local development environment that simulates Google App
Engine on the developer’'s computer

Support for event scheduling and triggering

An application sandbox that limits access to the underlying
operating system

An administrative console for managing applications
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e Simple app configuration

e Scalable

e Secure

10



GAE Does One Thing Well

— Works well for the web and AJAX:; also for other
services

* App configuration is very simple
— No performance tuning needed
e Everything is built to scale

— “infinite” number of apps, requests/sec, storage capacity

— APls are simple
11

AJAX: Asynchronous JavaScript and XML






e Mall

« Extensible Messaging and Presence Protocol (XMPP):
Instant messages

e Task Queue: message gueue; allow integration with
non-GAPPs (Google Apps)

o Datastore: managing data objects

. Blobstore: large files, much larger than objects In
datastore, use <key, object> to access
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GAE Architecture (Java)

High level overview of Google App Engine for Java

JDO: java datj

JPA: java per
t SDC: Secure |

(i.e. Calendar,
g Gmail, Docs,
Google Sites Video)

Google App Engine I

Application

Enterprise Data

Google Apps

Image




Java or python?

— Better portabllity if you need to use Bigtable to store
data

16 Java Data Objects (JDO)
JavaPersistence API (JPA)



 But management is a hassle:

— Configuration, tuning

— Backup and recovery, disk space management

— Hardware failures, system crashes

— Software updates, security patches

— Redesign needed once your database exceeds one box
“We carry pagers so you don’t have to”




o Stateless APIs are trivial to replicate
« Datastore built on top of Bigtable; designed to

scale well
— Abstraction on top of Bigtable
— APl influenced by scalability

18



. | Automatic Scaling to
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s = Application Needs

— One process per app, many apps per CPU

— Creating a new process clones a generic “model” process and then
loading the application code (in fact the clones are pre-created and
Sit in a queue)

— The process (handle process) hangs around to handle more
requests (reuse)

— Eventually old processes are killed (recycle)

* Busy apps (many QPS (query per sec)) get assigned to
multiple CPUs

19
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| Preserving Fairness
Through Quotas

If you run out of quota that particular operation is
blocked (raising an exception) for a while (~10 min) until

replenished

Free quotas are tuned so that a well-written app (light
CPU/datastore use) can survive a moderate “slashdotting”

— Slashdotting: when a popular website links to a smaller site,
causing a massive increase in traffic.

— This overloads the smaller site, causing it to slow down or even
temporarily become unavailable.


http://en.wikipedia.org/wiki/Website�

— currently this is a manual process (search FAQ for

“qUOta")
— In the future you can buy more resources

FAQ(Frequently Asked Questions )



Datastore
(storage organization)

— Allow (1) object query (2) SQL-like query
e Transaction

— Can be applied to a group of operations
» Persistent store (check BigTable)

— Strongly consistent

— Not relational database

— Index built-in
« Memcache
22 — Caches objects from bigtable to improve performance



— Property --> Column or Field; has a type

 Dynamically typed: Property types are recorded per Entity

« Key has either id or name
— id is auto-assigned; name is set by app

« Paths define entity groups which limit transactions
23



e |Indexes for complex queries must be deflned In a
configuration file named index.yaml.

— This file i1s uploaded with the application to create
Indexes in the datastore.
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Resource

QOutgoing Bandwidth

Incoming Bandwidth
CPU Time

Stored Data

High Replication Storage

Recipients Emailed
Always On
Backends (B1 class)
Backends (B2 class)
Backends (24 class)

Backends (B2 class)

Unit

gigabytes

gigabytes

CPU hours
gigabytes per month
gigabytes per month
recipients

MN/A (daily)

Hourly per instance
Hourly per instance
Hourly per instance

Hourly per instance

Unit cost

$0.12

5010
$0.10
$0.15
50.45
$0.0001
$0.30
$0.08
$0.16
50.32
$0.64



- Nno sockets (use urlfetch API)
— can'’t write files (use datastore)
— disallow unsafe Python extensions (e.g. ctypes)

 Limit resource usage
— Hard time limit of 30 seconds per request
— Most requests must use less than 300 msec CPU time

— Hard limit of 1MB on request/response size, API call
size, eftc.

Quota sglstem for number of requests, API calls, emails
sent, et

_ Free use for 500MB data and 5M reguests per month
2r— 10 applications per account
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— Pay-as-you-go billing (for resource usage over free
guota)

— More languages
— Uptime monitoring site

* No published timeline — agile development
process

28
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Install Python

) Python 2.7.6 (64-bit) Setup

B

pgth;z}n
windows

Select whether to install Python 2.7.6
(64-bit) for all users of this computer.

@ Install for all users

(7 Install just for me (not availkble on Windows Vista)

Back || Next> | [ Cancel

)




ﬁ! Google App Engine Setup

Welcome to the Google App Engine
Setup Wizard

The Setup Wizard will install Google App Engine on your I
computer, Click Mext to continue or Cancel to exit the Setup
Wizard.

Please make sure Python 2.7 is installed,

You may download Python 2.7.x from either:

Python.arg ] [ ActiveState Python

Back [ Mext ] [ Cancel




Hello World

print 'Content-Type: text/plain’

print
print "Hello, world!”

e app.yaml e

W¥E KW By B ITAD R#EH
version: 1 @J:_I ( lil) 1:,‘ J“F‘m lI_. R '

application: hellewerldcire

runtime: python

#4:(0) |23 C\Program Fies\Goaglelgoogle_sppengineiworkspacelhefioworid
api_wversion: 1 o by :
handlers: BEFIHEETF @ e @

- url: f.= T
script: helloworld. py Eag o T =




C:“Puython2?>python “"C:“Program Files (xB6>“Google“google_appengine>~dev_appserveris
py" cishelloworld

WARMING 2014-83-05 18:58:59.35%1 application_configuration.py=991 The "python' »r
untime specified in “c:“helloworld-app.waml' iz not supported — the "python2?"
untime will be wsed instead. A description of the differences between the two ca
n be found here:

https:-~-~developers.google.comsappengine docsspythonspython2b5-diff27

INFQ 2801463685 18:-58:-59.365 sdk_update_checker.py:241]1 Checking for updates
to the SDK.

INFQ 2801463685 18:-51:-00.628 sdk_update_checker.py:26%]1 The SDK is up to dat
e.

WARMING 20814-083-05 18:51:88.642 api_server.py-34i] Could not initialize images
API; vou are likely missing the Python "PIL" module.

INFQ 2801463685 18:-51:-090.653 api_server.py:138]1 Starting API server at: http
:##localhost 68578

INFQ 28014683685 18:-51:-090.657 dispatcher.py:176] Starting module “"default' ru

nning at: http:---localhost 8888

INFQ 281463685 18:-51:-0908.661 admin_server.py:117] Starting admin server at:

http:=~~localhost -8000




Run helloworld.py

€ = C M [ localhost:8000/instances
5 Apps [ MyWebs T £ [ PaperSubmit [] 28 [ 5E

Google App Engine

dev~helloworld I

Instances Instances
Datastore Viewer Latency (ms) QPS Total Requests
Datastore Indexes defaul

d24hdfdafeddeledhInlaarddnd2436a8chd 0.0 0.00 0

Datastors Stats
Interactive Console
Memcache Viewer
Blobstore Viewer
Task Queuss

Cran Jobs

KMPP

Inbaund Mail

Full Text Search



Create an Application

€ - C ft B httpsy//appengine.google.com/start
= fpps [ MyWebs (] % (O PaperSubmit (] 28 (] 88

GO{}SIE‘ app Eﬂgiﬂe tsenghseuhwen(@gmail.com|| My Account | Help | Sign out

Welcome to Google App Engine

Before getting started, you want to leam more about developing and deplaying applications.
Learn more about Google App Engine by reading the Getting Started Guide, the FAQ, or the Developers Guide.

Create Application ‘

© 2014 Google | Terms of Senvice | Privacy Policy | Blog | Discussion Forums | Project | Docs




Create an Application

€ 2 C # B hitpsy/accountsgoogle.com/b/0/ldvChallenge?idvContinueHandler=SERVICE&service=ah&idvContinueUrl=https%3A%2F %2F appenginegoogle com%2Fstart%2Fcreateapp
2 hpps (I MyWebs (0 8% [ PaperSubmit (28 (I 5E

Google
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Create an Application

tsenghseuhwen@gmail.com | My Account | Help | Sign out

Google app engine

Create an Application

You have 10 applications remaining.

Application Identifier:
tsenghseuhwen .appspot.com

Check Availability Yes, "tsenghseuhwen” is available!

All Google account names and certain offensive or trademarked names may not be used as Application ldentifiers.
“‘ou can map this application to your own domain later. Learn more

Dizplayved when users access yvour application.

Application Title:

Authentication Options (Advanced): Learn more
Google App Engine provides an AP| for authenticating your users, including Google Accounts, Google Apps |, and OpenlD. If vou choose to use this feature for 2ome parts of your site,
yvou'll need to specify now what type of users can =sign in to yvour application:

* Open to all Google Accounts users (default)
If vour application uses authentication, anyone with a valid Google Account may =sign in.

' Restricted to the following Google Apps domain:

e.g. foo.com

If vour application uses authentication, only members of this Google Apps domain may sign in. If yvour crganization uses Google Apps, use this option to create an application
{e.g. an HR tracking tool) that is only accessible to accounts on your Google Apps domain. This option cannot be changed once it has been set.

" |Experimental) Open to all users with an OpenlD Provider
If vour application uses authentication, anyone who has an account with an Openll Provider may sign in.



EX Command Prompt

/=15 PH
A7:-15% PH
A7:=-15% PH
Starting
A7:-15% PH

Email: tszenghseuhwenlgmail.com

Paszsword
A7:16 FH
FH
FH
FH
FH
FH
FH
FH
FH
FH
FH

It should be updated to the Python 2.7 runtime as soon as possible. which offers
performance improvements and many new features. Learn how simple it is to migra

te vour application to Python 2.7 at https:- - developers._google.comsappenginedoc

C:“Puthon2?>python “"C:sProgram Files (xB6>“Google“google_appenginesappcfg.py' upjE
date c:-“helloworld

[ S -

Application: tsenghseuhwen; version: 1
Hozt: appengine.google.com

update of app: tsenghseuhwen,. version: 1
Getting current resource limits.

for tzenghseuvhwenlBgmail.com:
Scanning files on local disk.
Cloning 2 application files.
Uploading 1 files and blobs.

Uploaded 1 files and blobs
Compilation starting.

tSE"'Ig"'ISEM. nwen.appspot.com

Compilation completed. My Webs &g

Starting deployment.

Checking if deployment succeeded.

Will check again in 1 seconds.

Checking if deployment succeeded.

Deployment successful.

Checking if updated app version is serving.

Completed update of app: tsenghseuvhwen, version: 1

Thiz application iz wsing the Python 2.5% runtime,. which iz deprecated?

e S
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Comparing Google
AppEngine and Amazon

- EC2

AppEngine: EC2/S3:
« Higher-level functionality Lower-level functionality
(e.g., automatic scaling) More flexible

* More restrictive Coarser billing model
(e.g., respond to URL only)

* Proprietary lock-in

Slide 39



Will The Two Models
Converge?

— Support more languages, storage
mechanisms?



Making a Choice

« Application developers:

— If AppEngine meets all your needs, it will probably be
easier to use.

— If AppEngine doesn’t meet your needs, it may be hard
to extend.



Evolution to the Cloud

Mainframe PC solutions Local area network

1960 — 1985




{ Mainframe Computing

that often provided only limited storage capacity

o User interface to the system provided through
dumb terminals

e Limited computer—network interconnectivity

e System security maintained through physical
security (few users had direct access to the
computer hardware)
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e Large physical footprint
« Considerable heat generation and power
consumption -




Internet Service Providers
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| ISP Advantages

aCross several companies.

Less server administration: The ISP managed
the servers to which developers uploaded their
solutions.

Less hardware to purchase and maintain: The
ISP purchased and managed the hardware and
managed the infrastructure software, such as the
operating system.



e | ISP Advantages
e Continued

« Potential scalability: The ISP had the ability to
move a high-demand application to a faster
bandwidth connection.
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' Real World: Force.com
PaaS

business applications,
— Force.com now runs applications across most sectors.
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¥ | Benefits of PaaS

. ey
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need to purchase and maintain expensive hardware for
servers, power, and data storage.

— Lower administration overhead: Companies shift the
burden of system software administration from in-house
administration to employees of the cloud provider.



— Increased business and IT alignment: Company IT
personnel can focus on solutions as opposed to server-
related issues.

— Scalable solutions: Cloud-based solutions can scale
up or down automatically based on application resource
demands.

« Companies pay only for the resources they consume.



— Challenges to integrating cloud solutions with legacy
software:
« A company may need to support on-site solutions as well as cloud-

based solutions.
« Communication between the two application types may be difficult
to impossible.

— Risk of breach by the PaaS provider: If the company
providing the PaaS service fails to meet agreed-upon
service levels, performance, security, and availability may
be at risk, and moving the application may be difficult.




 Windows Azure is a PaaS running within Microsoft

data centers.

— Users pay only for the scalable processor resources
that they consume.
 SQL Azure provides a cloud-based database

solution for applications running within Windows
Azure.
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=1 Windows Azure Continued
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Azure using an IDE such as Visual Studio or Eclipse.

« Developers can interface to SQL Azure using
much of the same code they would use to access
a local database.
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== | \What's Missing?

Service 1 Service 2 Service 3 Service N

5 Windows Azure




— Compute
» Web, Worker & VM Role

— Storage
* Blob, Table, Queue & Azure SQL Server

— Application Fabric

» Service Bus, Access Control, (Future: Cache,
Integration & Composite)

Blob :basic large object



— Manages application lifecycle
— Allows developers to concentrate on business logic
* Provides shared pool of compute, disk and network

— Virtualized storage, compute and network
— lllusion of boundless resources

* Provides common building blocks for distributed
applications

— Reliable queuing, simple structured storage, SQL storage
— Application services provide access control and connectivity

| MINJ VIJINVIL T Ty O




Applications

Runtimes
Operating System
Virtualization
Server

Database
Storage

Networking

Windows Azure PaaS
Windows Azure Service Model

NET 3.5/4, ASP .NET, PHP

Windows Server 2008/R2-Compatible OS
Windows Azure Hypervisor

Microsoft Blades

SQL Azure

Windows Azure Storage (Blob, Queue,
Table)

Windows Azure-Configured Networking




Modeling Cloud
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sServers

— Middle worker tier: e.g. order processing,
encoding

— Backend storage: e.g. SQL tables or files

— Multiple instances of each for scalability
and availability



The Windows Azure
Service Model

* Roles are like DLLs in the service “process”
— Collection of code with an entry point that runs in its own
virtual machine
 There are currently three role types:

— Web Role: 1IS7 and ASP.NET in Windows Azure-supplied
OS

— Worker Role: arbitrary code in Windows Azure-supplied
OS

— VM Role: uploaded virtual hard disk (VHD) with customer-
supplied OS



Windows Azure Fabric Controllers / Data Center

HTTP ( Queve ] / T

- - 3

e W
Web Role Warker Role

SCL Azure

Windows Azure Fabric Controllers / Data Center

HTTP

=)

h -
Wehb Role Instances Warker Role Instances 1
(6 5mall YMs) (2 Extra Large WVMs) SO Azure




VM Sizes

AR VO&ERE
10GHz 20G8

16GHz 175GE 225GB i 5012
2x16GHz 3.5GB 490 GB = 5024
4y16GHz 7GB 1,000GB = 048
8x16GHz 14GB 2,040GB = 5096



Role Contents

— Network endpoints

e Code:
— Web/Worker Role: Hosted DLL and other executables
— VM Role: virtual hard disk (VHD)
o Configuration:
— Number of instances
— Number of update and fault domains



Model Files

<Configurationse
<Setting name="DataConnectionString” />
<Setting name="DiagnosticsConnectionString™ />
</ConfigurationSettings>
</WorkerRole>
<WebRole namef"Thumbnails_NebRole“
<InputEndpoIme
¢!-- Must use port 8@ for http and port 443 for https when
<InputEndpoint name="HttpIn"™ protocol="http" port="88" />
</InputEndpoints>
<Configurationsettings:
<Setting name="DataConnectienstring™ />
<Setting name="DiagnosticsConnecticonString™ />
</ConfigurationSettings»
</WebRole>
</ServiceDefinition>

ServiceConfiguratiof serviceName="Thumbnails" xmlns="ht

<Role name="Thumbnails_WorkerRole™:
<Instances count="2" />

- <ConfigurationSettings>

3 . CS PaCk progral I l ZI pS ¢!-- Add your storage account infermation and uncg

<Setting name="DataCocnnectionString” wvalue="Def4d

<Setting name="DiagnosticsConnectionString” wvall

service binaries and e ting wone ostacomectionstninge satuentoetaul

<Setting name="DiagnosticsCennectionString” wvalued
- Y B - - ¢/ConfigurationSettings>
definition into service
<Role name="Thumbnails_uWebRole™:>
<Instances count="1" />

package file (service.cscfq) DRI teretion it

<Setting name="DataCocnnectionString” wvalue="Def4q
<Setting name="DiagnosticsConnectionString” waly

--F
<setting name="DataConnecticnstring” value="Defaul)
<Setting name="DiagnosticsCennectionString” values
</ConfigurationSettings>

</Role>
</ServiceConfiguration:

Marne Type Size

|| ServiceCanfiquration | CSCFG File IKE
@Thumhnails Service Package file 2,972 KB




Availability:
pdate Domains

when upgrading a service

— percent of service = Update
domains/Instance count
* they will be offline

— Default and max is 5, but you can Front- Front-
override with upgradeDomainCount End-1 End-2
service definition element

« The Windows Azure SLA is based on
at least two update domains and two
role instances in each role

Update Domain 1 Update Domain 2

Service Level Agreement (SLA)



Avalilabllity:
Fault Domains

-----

e Unit of failure based on data center

topology

— E.g. top-of-rack switch on a rack of
machines

 Windows Azure considers fault
domains when allocating service
roles

— E.g. don’t put all roles in same rack

Fault Domain 1 Fault Domain 2



Deploying a Service
4 The 10,000 foot view

Service

(RDFE) Azure service ElEE!
: _ Service
— RDFE converts service package to native
s : RDFE
RD” version .
Service

 RDFE sends service to Fabric
Controller (FC) based on target
region

 FC stores image in repository and

deploys and activates service EEEEEEEE%EEEEE

US-North Central
Datacenter




Datacenter resource allocation

W SQL Exchange SQL
. .. ord :
2. Datacenter resource provisioning S onlims | sz
3. Service litecycle management o> I
4. Service health management
Server Datacenter

e |nputs:
— Description of the hardware and network resources it will control
— Service model and binaries for cloud applications



Datacenter Architecture

/I /N AN ZI\

Top of Rack
Switches

Racks

Node Node Node
' '
s s s

PDU(Power Distribution Units)
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* Role instances upgraded one update

domain at a time
e Two modes: automatic and manual

— VIP swap update:

» Service definition can change, but
external endpoints must remain the
same

* New version of service deployed,
external VIP/DIP mapping swapped
with old

VIP Swap

Update

[

Role A Role A
ub1 ub 2
Role B Role B
ubD1 ub 2

/

Role A Role A
UuD 1 ub 2

Role B

uD 1

Role
ubD 2



Problem

Role instance crashes

Guest VM or agent
crashes

Host OS or agent
crashes

Detected node
hardware issue

ode and Role Health
aintenance

How Detected

FC guest agent monitors role
termination

FC host agent notices missing
guest agent heartbeats

FC notices missing host agent
heartbeat

Host agent informs FC

Fabric Response

FC restarts role

FC restarts VM and hosted
role

Tries to recover node

FC reallocates roles to other
nodes

FC migrates roles to other
nodes

Marks node “out for repair”



foundation for Windows Azure’s PaaS
— Provisions machines

— Deploys services

— Configures hardware for services

— Monitors service and hardware health

— Performs service healing



zure Platform Purchasing Models

E_ J

Consumption Subscription Additional Licensing
“Pay as you go and “Value for a “Coordinated
grow” commitment “ purchasing”
Available Jan 2010 Select offers available Jan 2010 Planned for post PDC
Low barrier to entry & flexibility Discounts for commitment Centralized purchasing
_ .. : = experience
Optimized for cloud elasticity Plans for payment predictability

Introduction to volume discounts

Promotional Development Partner Intearation with
Offers Pricina Discount Proaorams



Windows Azure Platform Consumption Prices

Pav as vou ao and arow for only what yvou use when vou use it

. «% Microsoft-
&Y Windows Azure 27881 Azure
Elastic, scalable, secure, & highly Highly available, scalable, and self
available automated service platform managed distributed database service
Compute Storage Web Edition Business Edition
Per service hour Per GB stored & Per database/month Per database/month
transactions
. $0.12/hour . $0.15 GB/month $9.99/month $99.99/month
+ Variable Instance Sizes $0.01/10K transactions (up to 1 GB DB/month) (up to 10 GB DB/month)

— . . |
Windows Azure platform AppFabric Service Bus & Access Control

Scalable, automated, highly available services for secure connectivity

Access Control Service Bus

International prices are available



Windows Azure Instance Sizes

Variable instance sizes to handle complex workloads of any size

Small

$0.12

Per service hour

Eauivalent compute capacity of a

Small

1x1.6Ghz
(moderate IO)

1.75 GB memory

250 GB storage
(instance storage)

Medium

$0.24

Per service hour

Medium

2 x 1.6Ghz
(highIO)

3.5 GB memory

500 GB storage
(instance storage)

Large

$0.48

Per service hour

X Large

$0.96

Per service hour

(on 64bit platform)
Large X-Large
4 x 1.6Ghz 8 x 1.6Ghz
(highI10) (highI0)
7.0 GB memory 14 GB memory
1000 GB storage 2000 GB

(instance storage)

(instance storage)



Windows Azure Platform Data Transfer

Priced per GB transferred/month (prices shown in USD)

North America Region mc Region

$0.10 GB Ingress $0.10 GB Ingress $0.30 GB Ingress
$0.15 GB Egress $0.15 GB Egress $0.45 GB Egress

T T 0

L 4

Lo

W, Europe E. Asia

: SW@Q@ Sub-region




Key Terms

Cloud-based database Platform
Integrated development environment (IDE)




4. Describe how a cloud-based database
management system differs from an on-site
database.

5. List the computing resources normally provided
with a PaasS.



| Chapter Review
1 Continued

to developers. Research the web and estimate the
costs associated with deploying a PaasS solution.

/. Assume your company must deploy a PHP or
Java solution to the cloud. Discuss the options
available to developers. Research the web and

estimate the costs associated with deploying a PaaS
solution.
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