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Internet as a Platform: The Good

Falling cost of Ubiquitous Democratized
storage and broadband tools of
computing connectivity production
power
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Internet as a Platform: The Bad

Architect’s Dream ()

*Loosely coupled
 Extensible
 Standards-based
* Fault tolerant

» Unlimited computing
power

» Ubiquitous
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Developer’s Nightmare @J

*NO Call Stack
*NO Transactions
*NO Promises
*NO Certainty

*NO Ordering
Constraints

Internet as a Platform: The Ugly

ACID (before)
» Atomic
 Consistent
* Isolated
* Durable

ACID (today)

* Associative

e Commutative

 |[dempotent

* Distributed




Starbucks Does not Use 2-Phase Commit Either

« Start making coffee before customer pays

*Reduces latency
*What happens if...

Remake drink
Retry

Refund money
Compensation

Discard beverage

Write-off
Q ‘d

Customer rejects drink
Coffee maker breaks

Customer cannot pay
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Programming the Cloud — The Google Way

* Fault tolerant distributed disk storage: Google File System

* Distributed shared memory: Bigtable
* New programming abstractions: MapReduce

* Domain Specific Languages: Sawzall
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Fault Tolerant Distributed Disk Storage: GFS

 Data replicated 3 times. Upon failure, software re-replicates.
» Master: Manages file metadata. Chunk size 64 MB.

» Optimized for high-bandwidth sequential read / writes

* Clusters > 5 PB of disk

GFS
Master

Client

Chunkserver 1 Chunkserver 2 Chunkserver N

http://research.google.com/archive/gfs-sosp2003.pdf

Google @ ‘d

Distributed Shared Memory: Bigtable

» Sparse, distributed, persistent, multidimensional, sorted

* Not a relational database (RDBMS): no schema, no joins,
no foreign key constraints, no multi-row transactions

« Each row can have any number of columns, similar to a
dictionary data structure for each row.

 Basic data types: string, counter, byte array
» Accessed by row key, column name, timestamp
« Data split into tablets for replication

e Largest cells are > 700TB

http://research.google.com/archive/bigtable-osdi06.pdf
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Programming Abstraction: MapReduce
* Represent problems as Map and Reduce step (inspired
by functional programming)

« Distribute data among many machines, execute same
computation at each machine on its dataset

« Infrastructure manages parallel execution

* Open source implementation: Hadoop
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map(in_key, data)
-> list(key, value)

reduce(key, list(values)) Son &

- list(out_data) Group Group
Reduce Reduce
Task 1 Task 2

http://research.google.com/archive/mapreduce.html
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Parallel Log Processing: Sawzall

» Separate stateful aggregation from stateless record
processing

« Commutative and associative aggregation enables
parallelized execution and aggregation

while leof(file) { map: table sum[string] of int;
line = readline(file); line = input;
words = split(line); words = split(line);
for each word in words: for each word in words:
map[word]++; emit map[words] <- 1;
3
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Google, the Cloud, and You!

Make the cloud more accessible

Google App Engine — Easy to Start, Easy to Scale

Your code running on Google infrastructure

Java™

Python
y Language

=

Distributed
data storage

Run-time Libraries

Load balancing
and serving




Does it Scale?
700
600

500

300

6:45pm EST:
200 WhiteHouse.gov
kick-off blog post
v

Queries Per Second (QFS)

5:00pm EST:
Link on Google
homepage

Afternoon EST:
400 NPR, NYTimes,
CNN coverage

l

« 9:30am EST:
Deadline for
submissions

« 11:30am EST:
Townhall begins

5:00pm EST:
WhiteHouse.gov
wrap-up blog post
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WhiteHouse.gov/openforquestions
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Key Features

* Python or Java™ Language source code
*Develop locally, deploy to Cloud seamlessly
* Write once, scale automatically

*Local SDK & Eclipse Plugin

*Free quota of 500MB storage and
~5M pageviews / month
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Programming & Run-time Model

*Responds to HTTP requests
* A programming platform, not “raw iron”

* API support for
» User login and identity
* Persistent state (on top of Bigtable, not RDBMS)
* memcache
» Mail, Images, URL Fetch
» Django Templates / JSP
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Management Console
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Google App Engine for Java

C‘o(‘gz 2009 Google, Inc. Al rights reservec

\C/:Voer?téai\r?gr Java Servlet JSR-154
Datastore ~ {JDO & JPA jgg:gig’
HTTP Java.net.URL [Java SE
Mail Javax.mail JSR-919
Memcache |Javax.cache JSR-107

Javais a trademark or registered trademark of Sun Microsystems, Inc. in the United States and other countries

1 Year Anniversary: What's new?

1.

2.

;i 2009 Google, Inc. Al rights reserved

Purchase Additional Resources

Cron Support
Database Import

Access to firewalled data:
Secure Data Connector




Secure Data Connector

Google Apps for Your Domain

Google Sites' | Google | Google App
(Google | Spreadsheets | Engine
Gadgets)

Tunnel 3
Servers '
Encrypted =
Intemet | Spc Tunnel :
Corporate Firewall
Secure Data Connector (4)
....... 0] .pﬁuﬁéll.nfm.nét.Firévéli - g
.: - _ o 6
Web Service AP| Server
LDAR
[ Webservics or APl server that processes 1 7

| requests after performing access control checks |
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Programming the Cloud

* Programming the cloud requires different
programming and run-time models

« Parallel execution, constraint-based programming
instead of linear loops

* Distributed data storage instead of RDBMS
*Old ACID vs. New ACID

* The right tools and API's can make this a lot
easier
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Google and the Cloud

*Google Data API's
*Google App Engine

* Academic Cloud Computing Initiative (IBM &

Google)

« http://code.google.com/edu/parallel

*Developer community

* http://code.google.com/apis

*Open Source

* http://code.qgoogle.com/opensource/
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Google Chart API
Google Gadgets API
Google Maps API
OpenSocial

YouTube Data API
Google AJAX APIs
Google AJAX Feed API
Google AJAX Search API
Google Gadgets API
Google Themes API
Google App Engine (partial)
Google Visualization API
KML (partial)

iGoogle Gadget

Orkut Developer Home
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