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Schedule

 lecl: Introduction on big data, cloud computing & loT
* lec2: Parallel processing framework (e.g., MapReduce)

 lec3: Advanced parallel processing techniques (e.g.,
YARN, Spark)

lec4: Cloud & Fog/Edge Computing

lec5: Data reliability & data consistency

lec6: Distributed file system & objected-based storage
lec7: Metadata management & NoSQL Database

lec8: Big Data Analytics




e Attendance 20%

* Reports & Projects 80%
* Reports and Projects will be checked by TA.
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B|g Data Def|n|t|on

* No single standard definition...

“Big Data” is data whose scale, diversity, and
complexity require new architecture, techniques,
algorithms, and analytics to manage it and extract

value and hidden knowledge from it...
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Types of Data

Increasing Growth

e Structured

e Semi-Structured/Quasi-Structured/Unstructured

Unstructured

Quasi-Structured

Semi-Structured

Structured

Data that has no inherent structure and is usually stored as
different types of files.
E.g. Text documents, PDFs, images, and videos

Textual data with erratic formats that can be formatted with
effort and software tools
E.g. Clickstream data

Textual data files with an apparent pattern, enabling
analysis
E.g. Spreadsheets and XML files

Data having a defined data model, format, structure
E.g. Database
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Characterlstlcs of big data

(1-Scale: Volume)

 Data Volume
e 44x increase from 2009 2020

The Digital Universe 2009-2020

* From 0.8 ZettaBytes to 44/B ° .
* Data volume is increasing ——i—
exponentla”y Data storage growth
B In millions of petabytes
terabytes petabytes | exabytes | zettabytes 6 i - terabyte?] f

the amount of data stored by the average company teday

Twitter: Tweets Per Day

—
Exponential increase in
collected/generated data
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Characteristics of big data
(2-Complexity: Varity)

* Various formats, types, and
structures

* Text, numerical, images, audio,
video, sequences, time series,
social media data, multi-dim
arrays, etc...

* Static data vs. streaming data

* A single application can be
generating/collecting many types
of data

To extract knowledge=>» all these types of
data need to linked together
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Characteristics of big data
(3-Speed: Velocity)

e Data is begin generated fast and need to be processed
fast

* Online Data Analytics
* Late decisions =» missing opportunities

 Examples

* E-Promotions: Based on your current location, your purchase history, what
you like = send promotions right now for store next to you

* Healthcare monitoring: sensors monitoring your activities and body =»
any abnormal measurements require immediate reaction
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Big Data
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Petabytes

Terabytes

Ditferent types

and unsiructy

Gigabytes

Complexity
Megabytes

Volume

Sensors / RFID / Devices

BIG DATA

Mobile Web P " Sentiment
User Click Stream
Web logs _ WEB AJB testing
> |
Offer history /1 Dynamic Pricing
Affiliate Networks
RM

l Segmentation Search Marketing

Offer details
ERP

Pirchase detal Customer Touches

Support Contacts

Purchase record

Payment record

Behavioral Targeting

Dynamic Funnels

Increasing Data Variety and C

Big Data = Transactions + Interactions + Observations

User Generated Content
Social Interactions & Feeds
Spatial & GPS Coordinates
External Demographics
Business Data Feeds
HD Video, Audio, Images

Speech to Text

Product/Service Logs

SMS/MMS

Source: Contents of above graphic created in partnership with Teradata, Inc.




./15)\ ﬂ/C—j'

;' SHANGHAT JIAO TONG UNIVIRSITY

Blg Data (4Vs)

Data at Rest

Terabytes to
exabytes of existing
data to process

=0 =0=0 —®

Data in Motion

Streaming data,
milliseconds to
seconds to respond

Data in Many
Forms
Structured,

unstructured, text,
multimedia

Data in Doubt

Uncertainty due to
data inconsistency
& incompleteness,
ambiguities, latency,
deception, model
approximations
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Volume

e Massive volumes
of data

e Challenges in
storage and
analysis

Velocity

e Rapidly changing
data

e Challenges in
real-time
analysis

Variety

¢ Diverse data
from numerous
sources

e Challenges in
integration, and
analysis

Variability

¢ Constantly
changing
meaning of data

¢ Challenges in
gathering and
interpretation

Veracity

e Varying quality
and reliability of
data

¢ Challenges in
transforming
and trusting
data

Value

e Cost-
effectiveness
and business
value
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Harnessing Big Data

€i3 i
L,
U J In Mo[io"
- ‘{) v Real Tin_we Analytic
-— <7 v Processing (RTAP) to
o improve business response

\)u Data at

o
QD rest

Analysis of current data . ‘
to improve business Stream ”
Reporting and human transactions Computing 2010
analysis on historical
data Data
Warehousin,
Operational g 2000
Databases
1970 1983 1990
1968
Relational RTAP

Hierarchical

database database OLAP
Souece: IBM O LTP

e OLTP: Online Transaction Processing (DBMSs)
e OLAP: Online Analytical Processing (Data Warehousing)
* RTAP: Real-Time Analytics Processing (Big Data Architecture & technology)
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\WV WornPress

You {1
flickr

Social media and networks Scientific instruments
(all of us are generating data) (collecting all sorts of data)

Mobile devices
(tracking all objects all the time)

Social Media

Sensor '.ceclh.nology and networks
(measuring all kinds of data)

* The progress and innovation is no longer hindered by the ability to collect data

e But, by the ability to manage, analyze, summarize, visualize, and discover
knowledge from the collected data in a timely manner and in a scalable fashion
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The I\/Iodel Ha Changed...

* The Model of Generating/Consuming Data has Changed

Old Model: Few companies are generating data, all others are consuming data




What’s driving Big Data

- Optimizations and predictive analytics
HIGH - Complex statistical analysis
- All types of data, and many sources
- Very large datasets
Predictive Analytics ;
and Data Mining - More of a real-time
COMPLEXITY
Business - Ad-hoc querying and reporting
Intelligence

- Data mining techniques
- Structured data, typical sources
- Small to mid-size datasets

=
Low BUSINESSVALUE HIGH
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Value of Big Data Analytics

* Big data is more real-time in nature
than traditional DW applications

* Traditional DW architectures (e.g.
Exadata, Teradata) are not well-suited
for big data apps

Shared nothing, massively parallel
processing, scale out architectures are
well-suited for big data apps

3

Cumulative Cash Flo

M

$175 4

$150

$125

“
o
o

$75 4

$50 -

$25

Accelerating Time-to-Value

Big Data Analytics

Data Warehouse
Appliance

36




Chal\enges N Handlmg Big Data

Big Data Boom

Data storage growth
8 In millions of petabytes
6 (One petabyte = 1,024 terabytes) ?
4 /
i /
05 a7 ne "11 13e  ’lbe

Big data challenge

Lack of software/ |

technology | 30%
|

Lack of analytic skills 28%

Insufficient budget 25%
Already using 11%

Sources: IDC, DataXu

* The Bottleneck is in technology
* New architecture, algorithms, techniques are needed

e Also in technical skills

e Experts in using the new technology and dealing with big

data
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g Data Landscape

Big Data Landscap

v . . kT3 . b T .
Vertical App Ad/Media Apps Business Analytics and

@vioom--r  HER olloctive(] Intelligence Visualization
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Analytics Operational Infrastructure As Structured
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Copyright © 2012 Dave Feinleib dave@vcdave.com blogs.forbes.com/davefeinleib
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Big Data Techho\ogy.

‘ Big Data: The Moving Parts

Increasing

Age & Maturity Hadoop y Hin
Vertica SciPy oCl mediaionalyucs -
MapReduce nument analysis o gl st io’ vices
Esper ) ) QUICILF MESPONSE To MArKCL trend:
- MATLAB —— RO L
kdb — V4 . ' _"Lﬁ J <Jm A;l’;l-. MOre ACCUrate oecision making
' Revolution R better and more holistic R&D
Greenplum ~ vork Sis ezl e e i
== -~ e autonomic supply chain management
ETL Netezza SPSS AMPL
£ " Business
ECL. Teradata . .
fS— o] Objectives

Fast Data Big Analytics ’ Deep Insight

From http://blogs.zdnet.com/Hinchcliffe

the growth of data will be exponential for the foreseeable future

terabytes | petabytes exabytes zettabytes

the amount of data stored by the average company today
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Wha t C\oud Computmg?

Cloud Computing

A model for enabling ubiquitous, convenient, on-demand network access to a shared pool of
configurable computing resources, (e.g., servers, storage, networks, applications, and services)

that can be rapidly provisioned and released with minimal management effort or service
provider interaction.

— U.S. National Institute of Standards and Technology, Special Publication 800-145

A cloud is a collection of network-accessible hardware
and software resources

* Consists of IT resource pools deployed in data centers

* Cloud model enables consumers to hire IT resources as
services



\ VALY

'°~. -f" SHANGHAT JIA0 TONG UNIVERSITY

What is Cloud Computmg? (Cont'd)

Cloud Infrastructure

Desktop

®
[ _a=_ ) ﬁ_

Laptop P Compute Network Storage Applications Platform Software

)

Tablet and Mobile
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Essential Cloud Characteristics

Cloud
Infrastructure

2
Broad Network
Access
4
Rapid Elasticity

3

Resource Pooling
5

Measured Service
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Cloud Service Models

Infrastructure as a Service (laaS)

Cloud
Infrastructure

Platform as a Service

(PaaS)

Software as a Service

(Saas)
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Infrastructure as a Service

Infrastructure as a Service

The capability provided to the consumer is to

provision processing, storage, networks, and other — %

fundamental computing resources where the —

consumer is able to deploy and run arbitrary Consumer's |
. . . Resources

software, which can include operating systems and %

applications. The consumer does not manage or
control the underlying cloud infrastructure but has
control over operating systems, storage, and
deployed applications; and possibly limited control of :::‘c”':rec;:
select networking components, (e.g., host firewalls).

— U.S. National Institute of Standards and Technology, Special Publication
800-145

Cloud
Infrastructure
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Platform as a Service

Platform as a Service

The capability provided to the consumer is to deploy
onto the cloud infrastructure consumer-created or
acquired applications created using programming
languages, libraries, services, and tools supported by
the provider. The consumer does not manage or
control the underlying cloud infrastructure including
network, servers, operating systems, or storage, but
has control over the deployed applications and
possibly configuration settings for the application-
hosting environment.

— U.S. National Institute of Standards and Technology, Special Publication
800-145

Consumer’s
Resources

Provider’s
Resources

Cloud
Infrastructure
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Software as a Service

Software as a Service

The capability provided to the consumer is to use the
provider’s applications running on a cloud
infrastructure. The applications are accessible from
various client devices through either a thin client
interface, such as a web browser, (e.g., web-based
email, or a program interface. The consumer does not Provider’s
manage or control the underlying cloud Resources
infrastructure including network, servers, operating
systems, storage, or even individual application
capabilities, with the possible exception of limited
user-specific application configuration settings.

— U.S. National Institute of Standards and Technology, Special Publication
800-145

Cloud
Infrastructure




Cloud Dep\oyment Models

2
Public Cloud Private Cloud

Cloud
Infrastructure

1
3 4
Community Cloud Hybrid Cloud
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Public Cloud

Enterprise P Enterprise Q

Cloud Provider’s
Resources

Individual R
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Private Cloud

Enterprise P

Cloud Provider’s
Resources

Enterprise P

o

Resources of
Enterprise P

*, Dedicated for
/ Enterprise P

———

2) Externally-hosted Private Cloud

1) On-premise Private Cloud




Community Clo

* On-premise Community Cloud

Enterprise P

Resources of
Enterprise P

=-le

3 @MW\

Enterprise Q

— Resources of
Enterprise Q

=-Je

Enterprise R
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Community Cloud

* Externally-hosted Community Cloud

Enterprise P Enterprise Q Enterprise R

., Community
< Users

)

1

Cloud Provider’s
Resources

"\Dedicated for
/Community
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Hybrid Cloud

Enterprise Q

Cloud Provider’s
Resources

Enterprise P

Resources of
Enterprise P

! Hypervisor

== .‘f,:si;—i,_-'_,l

Individual R
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* Apache top level project, open-source implementation of
frameworks for reliable, scalable, distributed computing and
data storage.

* [tis a flexible and highly-available architecture for large scale
computation and data processing on a network of
commodity hardware.

* Designed to answer the question: “How to process big
data with reasonable cost and time?”
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e Search Engine in 1990’s

MetaCrawler Parallel Web Search Service
by Erik Selberg and Oren Etzioni

Try the pew MetaCramier Beta!
1f yoa're searching for a person’s bose page, try Aboy!

©® Exmiples @ Heta Site @ Add 520 @ Alonr @

Search for- |
© asaPhrase @ All of these words © Any of these woeds

_FastSeach | _Comprobensive Search |

For better results, please specify:
Search Region: | TheWead =] Search Sites: | Any =l

Performance parameters:
Max wait: 1 xjmites  Match type: |Loose =

[ Abgst | Help | Probiens | Add Site | Search ]
gcrawlor. com
19 etk ey wid Cums Bowond

Sessous Sports Fans Oy $1.000,000 & Cash and Prizes
For senions spoets fans cely! Plav Famtasy Foothall!

# TS amazing where
Go Get It will get you.

Fod:[  _Goges]

Enhance vour search

N TRy " £ [
RS | 'S'100K

New Search . TopNews . Sates by Subject . Top 3% Siges . City Guide . Pictures & Sounds

BeopieFind . Pomt Review - Road Maps . Software . About Lygos . Clob Lycos . Help
Add Yeur Sea 1o Lyxos
Copyright € 1956 Lycor™, Inc. AL Raghts Reverved

Lyces is 3 ndemark of Camegie Meliom Universaty
CQuzstens & Commants
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rigin of Hadoo

Bdl Mache
Sntire that clicks!

=/a/o] a_Za}

search i'l.'v“ﬂuu {nbw ﬁoﬂ ulum?

wxcite hame mpt rewy pevple fundar

Excite Search: twice the power of the competition.

What: I M earen
: = ey
Where Word Wide Web | {AMIRL)

| |

Excite Reviews: site reviews by the web's best editorial team.

. .\’e-ms—& Reference « Science

« Business . Heakh
« Computing . Hobbies « Personal Pages « Shoppiag
« Education Life & Style Polisics & Law « Spats

w

Sandbox T
Gt |

Shop WIRED
Search : The Web %m Moliday Gift Guide
ot stmek 28

SOMETHING HAS
g

SURVIVED.

» o

o Yoertan

LELLIR FoAN
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e Search Engine in 1998 and 2010’s

Google:

Search the web using Google!

[
Googla Search | Fmfoatng keky |

Limax Searcd Cosgmn: juf
Copywaht €198 G0,

Google Search I'm Feeling Lucky




2005: Doug Cutting and Michael J. Cafarella developed
Hadoop to support distribution for the Nutch search engine

project. :

The project was funded by Yahoo.

2006: Yahoo gave the project to Apache
Software Foundation.


http://en.wikipedia.org/wiki/Nutch
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The Google File System

2 00 3 Sanjay Ghemawat, Howard Gobioff, and Shun-Tak Leung
Google*

MapReduce: Simplified Data Processing on Large Clusters
2004 Jeffrey Dean and Sanjay Ghemawat

jeff@google.com, sanjay@ google.com

Google, Inc.

Blgtable: A Distributed Storage System for Structured Data

Fay Chaeg, Jofirey Doan, Sanjay Ghemawat, Witon C. Hsich, Deborah A. Waltach
Mike Burrows, Tushar Chands, Fikes, Robert E Gruber
(o et .o greber | 9 povgie e

2006
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Bl Applications
(query, analytics, reporting, statistics)

Orchestration Framework
EDW

Connector(s)

Security

Deployment

Data Storage Framework Data Processing Framework
(HDFS) (MapReduce)
Operating System (Linux)
Dell PE-R, PE-C Servers

Backup & Recovery
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Google Cloud Platform
(Global Scope)

Static External IP Addresses

T e
L£0ne L0Ne

us-central 1-a us-central 1-b

ﬁ:} VMs Zane

us-central 1-¢

o= Disks T
= | L00reE

us-central 1-f

Region: Central US

Region
Region

Metworks
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| Compute Engine: Virtual machines hosted on
Google's infrastructure - Infrastructure-as-a-Service

App Engine: Deploy your code directly to a fully-
managed platform - Platform-as-a-Service

Container Engine: Run Docker container cluster on
Google Cloud Platform — Container-as-a-Service
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StO 'd ge ™ Google Cloud Platform

‘ Cloud SQL: Full SQL support for an online transaction
processing (OLTP) system

Cloud Datastore: Store highly structured objects and
query with SQL-like statements

Cloud Storage: Store immutable blobs larger than
10 MB, such as large images or videos

Cloud BigTable: High-performance, extremely
scalable NoSQL database, scales to billions of entries
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Amazon

® AWS is Amazon’s umbrella description of all of their web-
based technology services.
® Mainly infrastructure services:
o Amazon Elastic Compute Cloud (EC2)
o Amazon Simple Storage Service (S3)
o Amazon Simple Queue Service (SQS)
o Amazon CloudFront
o Amazon SimpleDB
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— TECHNICAL & BUSINESS — - HYBRID ARCHITECTURES -
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Identity K N’A Contaners
Federation =1= Corporate
" |
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@ Carsficstion § - w Triggers
= — ey
Intagrated App Fu.9 Elastic ] " == Push £ Resource
Degioyments sl Search [_ . n):.l Notifcatons £==1 Yempiates L] Backue
Solutions
& Architects SECURITY & COMPLIANCE
@ identity Access Kay Management 5}1 Monétaring Configuration
Management Control & Storage & Logs Compliance
Data Backups
picsensi y ORE SEFVICES
Management c 22
Comput St Databases
{1} P ] &% S oo Retona s,
& Losa Bamncing & Archaul Cuctng
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Amazon amazon
web services"

Cross-Service
amazon Support Deployment & Management
webservices Phone & email fast-response 24X7 Support o )
Marketplace Templated AWS Resource Creation
Buy and sell Software and Apps v €
Database Management Console Resource and Application Monitoring
DynamoDB Ul to manage AWS services
Predictable and Scalable NoSQL Data Store SDKs, IDE kits and CLIs AWS Application Container
ElastiCache Develop , integrate and manage services
In-Memory Cache . Secure AWS Access Control
M ;‘D 3 Analytics :
Managed Relational Database Elastic MapReduce User Activity Logging
Redshift Managed Hadoop Fr;x.xwev;ofk :
Managed Petabyte-Scale Data Warehouse ) i lnes_(s DevOps Application Management Service
Real-Time Data Stream Processing i
Data Pipeline H 5 ianc
ardware-based key storage for compliance
Storage & CDN Orchestration for Data-Driven Workflows ]
$3 App Services
alable : t - .
SE(;%)DC Storage In the Cloud Compute & Network"‘g- CloudSearch
=t o oo
o A GG e s . ) EC2 Fr:narnagc(i_ScarLlw Service
3 Virtual Servers in the Cloud ciastic franscoder
CloudFront : :
_ VPC Easy-to-use Scalable Media Transcoding
Global Content Delivery Network : : -
Glnciar Virtual Secure Network SES
X L : ELB Email Sending Service
Archive Storage in the Cloud 2 = e
Load balancing Service SNS
Storage Gateway WorkSpaces st Nkt ation Samvic
(V] C ication ice
Integrates On-Premises IT with Cloud Storage ; oriSpace . CRIORNE I
Virtual Desktops in the cloud 5QS5
Import Export .
. o Auto Scaling Message Queue Service
Ship Large Datasets . ) :
Automatically scale up and down SWF
DirectConnect Workflow Service for
Dedicated Network Connection to AWS Coordinating App Components
Route 53 AppStream
Scalable Domain Name System Low-latency Application Streaming

AWS Global Physical Infrastructure

(Geographical Regions, Availability Zones, Edge Locations)
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AWS Management Console

53 EC2 YPLC
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Elastic MapReduce | CloudFront | RDS

SMS

y "| , 1 =
AWS
LA e e

(Navigation — [Mylnstances

Region: =

» ECZ2 Dashboard

INETAMCZES
> Instances
*» Spot Requests

IMAGES
> AMIs
» Bundle Tasks

ELASTIC BLOCK STORE
* Yolumes

> Snapshots

METWORKIMNG & SECURITY
» Elastic IPs

> Security Groups

» Placement Groups

» Load Balancers

> Key Pairs

Us East =

H_J,'}. Launch Instance
Wiewing: Al Instances

Hame

YWeh Server

1 EC2 Instance selected

Description
AMT ID:
Security Groups:
Status:

VYPC ID:
Virtualization:
Reserwvation:
Platform:

Kernel ID:

AMI Launch Index:

Root Device:

L% I R N R ——

Instance Actions | -

Instance

il i-541945e9

rMaonitaring

Reszerved Instances -

o Al Instance Types 5]

Type

m1.small

| @ EC2 Instance: i-841948e9

Tags
ami-027228661
20_22 open
runining
paravirtual
r-7dec3517
aki-407d35z29
]

Sdevfsdal

(13 ShoweHide || @ Refresh | @) Help
Status Lifecycle Public DNS ]
i running normal ecZ-67-202-15-66.compute-1. | §
]

Zone: us-gast-1b

Type: ml.small

owner: 042708602122

Subnet ID: -

Placement Group:

RAM Disk ID: -

Key Pair Mame: E5G_ Keypair

Monitoring: basic

Elastic IP: -

Root Device Type: ebs =
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Windows Phone Windows Store
ios | I8 i0S

Android | Android

HTML 5/JS

GALLERY
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10T (Internet of Thmgs)

® The Internet of Things (loT) is the network of physical objects—
devices, vehicles, buildings and other items embedded with
electronics, software, sensors, and network connectivity—that

enables these objects to collect and exchange data.
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Varlous names One concept

M2M (Machine to Machine)

“Internet of Everything” (Cisco Systems)

“World Size Web” (Bruce Schneier)

“Skynet” (Terminator movie)
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Where is 0T

Wearable
Tech

Healthcare
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M2M World of Connected Services
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Big Data Problem in loT

Data Bringing insight visually
Visualization

. e Enterprise
Operational efficiency Data

improvements Management

Real - time .
Future ready, data driven

appoach

Analytics

Natural language
quering to solver
business issues
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B|g Data Problem in loT (Example)

Pickup Time
Error Codes 7 - Pickup point P

Lights . Windows T o
. Doors USER D'eui' S
M =
Acc Pedal Arrive Time

Gear /
Brake Pedal Destination

Mlleage Seat Belt

Air Conditioner 407TB Data

I | Longitude

Start Service Latitude
PICk.uP Direction
Arrive b
Speed

End Service
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Big Data Processing in loT

Open Data
Data Sets Citizen Data

Machine Learning , \

Data Warehousing
Data Sensor
Analytics — Data
1
0

w O A &

Devices Network Security Data Collection Smarts

Audio/Voice
Devices/Sensors
Visual/Motion
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Cloud & Fog Fusion

CLOUD | Data Centers

FOG | Nodes

EDGE | Devices
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IoT in the c\oud and on the edge

loT in the Cloud loT on the Edge

> Low latency tight control

- Remote monitoring and control ) ,
loops require near real-time

- Merging remote data from response
across multiple loT devices . Public internet inherently
- Near infinite compute and unpredictable
storage to train machine » Privacy of data and protection
learning and other advanced Al of IP
tools
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Fog/Edge Computing is S the Primary
Choice to Handle Real Time Data

o T

b 4

Operations Information
| O Technology Technology
ewde A 8 lél
a Eli] THE EDGE
. Data
The Things Sensors & ; Data Center &
Actuators Aggregation Edge IT Cloud IT
o Wearables ¢ Mobile Devices & Gateways
o Cars e Meters
* Moftors » Robotics @ . -V l
 Buildings e Generatfors ¢ =T
DATA GENERATION DATA SENSING DATA COLLECTION EARLY DATA DEEP DATA

AGGREGATION ANALYTICS ANALYTICS




IoT End -to- EndVaIue Chain

REPORT
GATEWAYS INcesTIoN | ) AuToMaTE €| ) BIGDATA S

P-.




% i o
) S TRSITY

HANGHAT JIAO TONG LNV

X
o
- :

Smart Gateway

Field Gateway

4

Filter

2

N
*
A

Compress

$d Ldd Il LI

2.

1
Aggregate




@® Frirs ey
Docker container

Edge Runtime manages modules

Modules add capabilities to the runtime
Each module performs an action

Chain of modules can be thought of as a data processing pipeline,
solving an end to end scenario

Modules are Docker containers

Azure loT Edge device

Module Module
Telemetry Protocol Data
> . . — )
ingestion formatting

Telemetry

Azure loT Edge Runtime &
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Interoperability problem inloT

_ Interoperation
No Interoperation

Application  Application Application
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Interoperab|l|ty 'SO‘U’EIOH (1)

Technical Interoperability: hardware/software level
Syntactical Interoperability: data format level
Semantic Interoperability: knowledge level

Organizational Interoperability: system level

Syntactical
nteroperability
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Heterogeneous data source a, b, c.....n
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Devices/ sensors/ sensor nodes
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