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Cloud Infrastructure is the basis of everything

. data :
social mobile
centers

Cloud Infra
structure

+ Sensors =

+ actuation =

http://www.kempitlaw.com/trends-in-information-technology-law-looking-ahead-to-2017/



2011~16, Persons of interest, American science fiction crime drama television series that aired on CBS

Is it possible only Drama?

have to handle 'too much” data!! and devices!! How?

https://vignette.wikia.nocookie.net/pediaofinterest/images/3/31/3x23_-_Samaritan_Assessment_05.png/revision/latest?cb=20140515005245
3 http://vignettel.wikia.nocookie.net/pediaofinterest/images/7/71/Classification_NothingToHide.png/revision/latest?cb=20140320012854




already Real-World, on the Cloud

Amazon Rekognition API operations - overview Amazon Rekognition API operations - advanced usage

Non-Storage APl Operations Storage-Based AP| Operations Why?
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Amazon Rekognition — Deep learning-based image analysis

An Introduction to Amazon Rekognition., For Deep Learning-Based Computer Vision., David Pearson, AWS Al Services., August 14, 2017.



Cloud on the Market

Let's look at today’s major cloud service platforms

Google Cloud Platform

-- Microsoft
EE] Azure T
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(% IBM Bluemix
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Cloud on the Market

Public Cloud Adoption, 2016 vs. 2017 Public Cloud Adoption, 2017
% of Respondents Running Applications % of Respondents Running, Experimenting, or
Planning to Use Applications
57% 57%
21%
- 16'/. %
. -“ i
Oooglo Azure  Google Cloud IBM
2016 = 2017 = Running Apps = Experimenting = Planning to Use

KLEINER 3t o iier o 7 Foeasanme, ne 502

PERKINS

https://mspoweruser.com/report-microsoft-azure-is-gaining-market-share-in-cloud-market/
8



Cloud on the Market

Number of|VMs|in Cloud

% of Respondents

VMware vSphere
AWS

Azure

OpenStack

Google Cloud
IBM Cloud

CloudStack

® 1000+ =501-1000 ®=101-500 =51-100 =1-50

Source: RightScale 2018 State of the Cloud Report

https://www.zdnet.com/article/cloud-providers-ranking-2018-how-aws-microsoft-google-cloud-platform-ibm-cloud-oracle-alibaba-stack/
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About Cloud Infrastructure

CMM - Cloud Maturity Model

CMM provides a roadmap to adoption, pointing to potential gaps and
possible frameworks and solutions to consider.




About Cloud Infrastructure

Open Data Center Alliance (ODCA)

Consumers

End
User

Application
Developer

Application
Owner

IT Operations

CMM - Cloud Maturity Model 1.0 ~ 3.0

2010-2012
1.0

Simple SaaS

Enterprise
Legacy Apps

2011-2013
1.5

Simple SaaS

Cloud Aware Apps

Enterprise
Legacy Apps

Complex
Compute laaS

Simple
Compute laaS

Compute,
Storage, and
Network

Simple
Compute laaS

Compute,
Storage, and
Network

2012-2014
2.0

Complex SaaS

L+ 4

Cloud Aware
Apps

| | | |
Ifacy Apis

Private PaaS

1

Full Private
laaS

2013-2015
2.5

Hybrid SaaS

L+ 4

Cloud Aware
Apps

| | ||
Lfacy Apis

Hybrid PaaS

1

2014-2016
3.0

Federated

Hybrid laaS

Intel Cloud Summit 2012 ODCA + NAB

and Open
Cloud




About Cloud Infrastructure

Open Alliance for Cloud Adoption (OACA)

CMM - Cloud Maturity Model 4.0 (Linux foundation)

Measured
Measurable

None iti Hepeatable Defined

) I Dptimized
N/A Opportunistic Systematic P

CMM 3 CMM 4 - CMM5
Initial, Ad hoc peatabie, Opportunistic | Defined, Systematic Measured, Measurable Optimized

Manual Federation Federated,

Legacy applications  Analysis of current Processes for cloud Tooling and
on dedicated 7 L S oy

's cloud gl for Cloud-a interoperable, and
An app e ::t.om:hd cloud appli catio:s,am open cloud
No cloud approach. Mapping and analysis been decided upon oo deployed according to Capablity
No cloud elements of cloud potential for and is appled Affected parties have business requrements incrementally improves

implemented. existing systems and opportunistically. reviewed and on public, private, and based on consistently
services. The approach is not acct:s;z: the hybrid platforms. gathered metrics.
There is some widely accepted. app i Governance Assels are proactively
awareness of cloud Redundant or The decumented infrastructure is in maintained to ensure
computing, and some overlapping approach is always or place that measures relevance and
groups are beginning approaches exist. nearly always and quantitatively comectness.
i foll
:)O;gg" e'e'::r:_'o e:ds Informally defined or ciowac ;apr:g:;cloud The organization has
"3 . exists as “shelfware.” k established the
I =
Intial benefits reaized oz
market mechanisms
from levernged to leverage inter-cloud
infrastructure.

operations,

CAPABILITY GAINS EFFICIENCY GAINS

@

Capability, efficiency, velocity, and quality continually increase as higher levels of implementation are achieved

https://www.oaca-project.org/wp-content/uploads/2018/10/CloudMaturityModelUMv4-0.pdf
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About Cloud Infrastructure

Middleware(DB), Runtime -> Develop env

— aS a service

Infra laa
Server, Storage, Network -> OS -
Platform . Paa$S

/

Software
Application -> Service




About Cloud Infrastructure

12

YOU MANAGE

OpenStack is an 1aaS (Infrastructure as a service) platform

Traditional IT

Applications

Data

Runtime

Middleware

0S

YOU MANAGE

DELIVERED AS A SERVICE

laas

Applications

Data

Runtime

Middleware

L
—

Server
Storage

Networking

YOU MANAGE

>

DELIVERED AS A SERVICE

>
>

Paas

Applications

Runtime

Middleware

0S

Server
Storage

Networking

DELIVERED AS A SERVICE

Saas

f Applications

Data
Runtime
Middleware
0S

Server
Storage

Networking

Cloud Foundry is a structured PaaS (platform as a service)




Cloud on the world

e —
AWS (Amazon Web Service)
laaS

( AWS/Global Infrastructure
(v p—ry— —p— — ) Current Region 33
Deployment & ] .r m “ 8,0 '!-
Managemant _ . . = _
. MONTREAL (Coming soon)
Managamant Console Beanstale  CloudFormation [TY"] Faderation Billing Armason CloudWaich BENING
—A4 OHIO (Coming soon) IRELAND
v/4 FRANKFURT
( _ Cortunt Dabery o Compng Libesrism & 5083 // OREGON O O SEOUL
7, ) O UK (Coming soon) O
Application . . ‘ Q N CALTEGRNIA NINGXIA (Coming soon)
Sarvices " 1 N. VIRGINIA TOKYO
oot Front Arvazen §B5 Aracon SRS Amuron 505 Clousdfoarch INDIA (Coming soon) O
L o, AWS GOVCLOUD
Coanpaie ey bfta Tl
' y
Foundation — il - SINGAPORE
Services . y w’
ECE B3 EBS Glacher VFC Aoule 53 RO CynamoD8  ElastiCacke  Resishif
SAO PAULO
B Region &
5 5 sy . Number of Availability Zones
[ Regions Jl Availability Zones = = Edge Locations SYONEY
L, ] O New Region
- Coming Soon
amazon
, e courtesy of Amieon Wels Serices's hipt: s amaztn webservices™
http://vmtoday.com/wp-content/uploads/sites/11/2013/08/amazon-web-services-global-infrastructure-resized-600.png
13 https://www.onica.com/blog/should-i-build-a-multi-region-architecture-in-aws/



http://vmtoday.com/wp-content/uploads/sites/11/2013/08/amazon-web-services-global-infrastructure-resized-600.png

Cloud on the world

Google Cloud Platform

laasS

AN

Current Region 44
Storage Services @ Finland
Networking Big Data London %Nethe:?nds
Belgium Frankfurt
Compute @ Oregon 9 o o eMontreaI g
Los Angeles & N Virginia Osaka @ Tokyo
Paa SCIOUd DING @ S Carolina
Cloud Data Storage Load Balancing . or\;fr:g:iong Taiwan
Compute Engine
p ¢} @ e @ Cloud Endpoint 9 Singapore
Cloud SQL Interconnect Data Flow
App Engine ° Cloud Translate r— S#o Paulo 9 Sydney
' and number of
zones
GloudSorage e Cloud Pub/Sub () ipedond
| Platf
— ) Google Cloud Platform
http://markoinsights.com/2016/11/11/google-cloud-update/
14

https://cloudplatform.googleblog.com/2018/02/GCP-is-building-its-second-Japanese-region-in-Osaka.html



http://markoinsights.com/2016/11/11/google-cloud-update/

Cloud on the world

T
Microsoft Azure
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Compute
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Services

Service
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Remote
Batch
.% i App

Integration

Storage
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QDJ Hybrid
€’ Connections
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fo\ Media
&/ Services

BizTalk
Services

Service
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“ Content Delivery
Network (CDN)

Platform Services
Web and mobile

Web API

Apps Apps

Mobile Logic
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A o= e

‘ HDInsight

Data Event
Factory Hubs

Stream
Analytics

Infrastructure Services

@ API
Management

Machine
Learning

Mobile
Engagement

Developer services

Visual
Studio

' Application

Notification
Hubs = Insights

- Team
otd Project

sQL SQL D7
Database Ware ouse

6) Search

Redis
Cache

=
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P Zonnect Health
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Identity
Management

Backup
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a8

o
ﬁ Import/Export
&

Site
Recovery
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Compu

Virtual
Machine

1

IE] Containers

6 BLOB
Storage

Storage

Azure
Files

Premium G Virtual
Storage Network

Networking

Load ﬂ Express Traffic
Balancer @ e Route

Manager

VPN Application
Gateway Gateway

laaS

Canada East — UK South
jorth Europe ... g
nada Central
Canada Centra SR

US Gov lowa R ¢ e
| U & it
Westus2 , ol US-- @ of % it Central US e
West US - : US DoD East
US Gov Arizona - EastUS
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US Gov Texas ! US DoD Central
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o
®

-
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https://www.dotnettricks.com/learn/azure/getting-started-with-microsoft-azure-platform

https://blogs.msdn.microsoft.com/cloud_solution_architect/2017/10/26/just-enough-azure-for-hadoop/

- Australia Central


https://www.dotnettricks.com/learn/azure/getting-started-with-microsoft-azure-platform

About Cloud Infrastructure, Ref. P10.

Infra laa

Server, Storage, Network -> OS

Platform - . Paa$S
Middleware(DB), Runtime -> Develop env ==

-

Software \ aa$S

Application -> Service




About Cloud Infrastructure , Ref. P11.
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YOU MANAGE

OpenStack is an 1aaS (Infrastructure as a service) platform

Traditional IT

Applications \
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Deployment Cloud Infrastructure

©00| DpASHBOARD ~ IDENTITY
T == SERVICE
= (Horizon) P

COMPUTE 'BLOCK STORAGE ~ NETWORKING  IMAGE SERVICE OBJECT STORAGE (N)

(Nova) — (Cinder) — (Neutron) l— (Glance) — {Swift) l—l (Keystone)

nova Compute Service — management / control Compute instance, using Hypervisor - create / managing VM
keystone Identity Service — Centralized authentication for each OpenStack service with ID, SQL, PAM, LDAP
glance Imaging Service — create and managing for OS Image for VM
neutron Networking Service - for instances and services, based SDN(Software Defined Networking)
swift Storage Service - managing Object storage for Instance
cinder Volume Service - managing Block storage for Instance
horizon Administrative Web-Interface(Ul) Service, Service Front

18



Deployment Cloud Infrastructure

OpenStack is an 1aaS (Infrastructure as a service) platform

QaEA 17184, UAHA NEAAUY, SE A8 50| 7|5 5z, Deployment & Scaling
like a AWS’s CloudFormation < HEAT

Collet each openstack components data
Metering arking, scalability
CEILOMETER

Compute
NOVA

Identity
KEYSTONE

Image Service Object Store
GLANCE SWIFT

Network Storage
LoadBalancer NEUTRON CINDER

VPN, Firewall and more

Management Console HORIZON




Deployment Cloud Infrastructure

OpenStack is an 1aaS (Infrastructure as a service) platform

Keystone Ceilometer Horizon | «— front
I I I
Provides auth Monitor Provides Ul
\/ \/ \/

Stores images in
Glance

Y

Nova Need! hypervisor Swift
PrO\;ision / 1‘
1

Backups volumes in

L—— Provides images =———p VMs 4—— Provides volumes to
Neutron Provides network Cinder
u cohnection for T

WES £510] AAHA Q5 |p, 28, HOF 121 ALSK 50| ()£ Openstack A R¥S
MY, > WEAS QAHA 78 Y, JIASA REAAAY, T80 FH A8 52| 7|52 HE,

Orchestrates Cloud

like a AWS's CloudFormation




Deployment Cloud Infrastructure

- CLI clients(nova, cinder, neutron and so on)

Internet - Cloud management tools
- GUI tools

_________ T v
i 1 I '
, '
: R BTG e i ![ ceilometer- ceilometer-agent- ) !
] : ! ' | collector notification
! ! 0 ! OpenStack '
' — 1 Horizon Identity Service 1 Cellometer ceilometer- '
'
H Ironic | | | 1 . database agent - compute H
! Database| ! e ! ,
' | ' OpenStack S L ) RSN [ 5 1 ceilometer- '
! T 24k Dashboard | agent-central H
' , I '
H . : ceilometer ceilometer-alarm-) i
! I ' o -api evaluator
' I L ; I 1 '
: : : - : e
' OpenStack I E OpenStack ; ' OpenStack L°Sj,;)‘,”(‘€je(m "n"‘:tiefri:ram'} :
'
[ Bare Metal Service ! ' Orchestration i :____Tfl_e_""ff':y_____________________________:
J
~
oo 0 50 e O AU A A 0 O O 50 S D O I8 10 O S I O :
- - cinder-api glance-api neutron-
Sswift-proxy server sahara-all

server glance
store
——
Glance
database

e ——
Cinder
database

glance-
registry

—
sahara
database

OpenStack
Data Processing

swift-account-)|swift-container-
server server

——
Neutron
database

cinder-volume

OpenStack

[—
ccount
atabas

Image service

[ nova- ] [ nova- ) (nuva-cnm ute](—/
conductor consoleauth P

OpenStack
Compute

Neutron 3rd
party plugin

trove-
taskmanager
trove-
conductor

OpenStack
Database Service

cinder-
scheduler

Openstack Object
Storage

OpenStack
OpenStack Networking
Block Storage 4 0000 fmmmmmmmmmmmmmm-mm---------

https://docs.openstack.org/install-guide/get-started-logical-architecture.html
21




Deployment Cloud Infrastructure

Physical Configuration

NTP, DB(MySQL), MessageQueue(RabbitMQ), Memcached ... .
run ldentity, Image, Compute, Network, Storage ... services

apt-mirror T Compute Node - runs Hypervisor
—PRep@?i-lﬂry } [ Controtter } [_Cm-puﬁ%—H—ﬁempuﬁeN%—» Physical Server

|

|
N S S
_______________

Physical Server ’%?mragﬁﬂ‘H‘%?rcrag?Nj\L Hub an!d LAN

Storage Node - run BlockStorage, ObjectStorage




Deployment Cloud Infrastructure

apt-mirror

v

NTP

'
[ openstackclient sSQL AMQP memcached }

'
Ceph
l Installation procedure

Keystone

'

{ Cinder Glance Nova Neutron }

[ Horizon J
v




Deployment Cloud Infrastructure

have to know Deep ‘Network related knowledge’

DevStack: https://github.com/openstack-dev/devstack

script base, easy quickly deploy for single, multi node is complicate

Fuel: https://launchpad.net/fuel

1
. installing and managing OpenStack, just another component for managing

will release beta ‘catstack’

script base, easy quickly deploy for single and multi node

https://docs.openstack.org/install-guide/get-started-logical-architecture.html
2



Tuning: Performance issue

—

. T
—

_ bottleneck
@ﬁg_systﬂ h

. L. Hardware
Applications, DB and more ...
CPU
/ \ Inter-
‘ ‘ connec
\\\ /

Block Device Interface

_Software

Linux

Kernel

Bus

/ DRAM

Ethernet

\” Device Driver:

| 1/OBus
I/0 Bridge
| Expander Interconnect
I

I
1/0 Controller Network Controller
Interface
| | Transports | |

Port Port

Disk Disk

http://ls.pwd.io/2013/06/linux-monitoring-tools/
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Tuning: Performance issue

more Network 10 Performance?

ST SO T B I O S -
I R I T o T /_/_ """

—— Management —_ = AP
Storage StorageN
- = = Storage External

[ Repository J [ Controller ] [Compute‘l] [:] [ Repository J [ Controller ] [Compute']] [:]
| | | |
!

—tvlanagement — - = AP|

— - = = Storage sessss External

Management
Tenant

Storage _efiErrnication between each Ceph OSD
API - : external access to OpenStack service
External : communication between Instance and external access



Tuning: Performance issue

more Storage Performance?

Swift = Python, is interpreter.
.

for more performance, change to "PyPy"
"PyPy" is faster is that it is a JIT(just-in-time compiler)

"Ceph”, core = C++, and implements “object-, block- and file-level storage”

means replace Cinder(block storage) and Swift(object storage)



Deployment Cloud Infrastructure

Infra laasS

Server, Storage, Network -> OS

Platform i  PaaS
Middleware(DB), Runtime -> Develop env_> ds a service

/

Software W Saa$S

Application -> Service




PaaS : Pivotal Cloud Foundry

almost Project is Opensource
PAS: a runtime for apps, PKS: a runtime for containers, PFS: a runtime for functions

Application Code & Frameworks
Buildpacks / Spring Boot / Spring Cloud / Steeltoe

@ ij g:' 1823
PAS PKS

P FS Pivotal Services
Marketplace
Pivotal Application Pivotal Container Pivotal Function Pivotal and
Service Service Service Partner Products

LOUD FOUHBRY

B@SH Embedded Operating System (Windows / Linux)

Google Azure &
vSphere Openstack AWS Cloud Azure Stack
» laaS

. . Concourse

https://content.pivotal.io/blog/achieving-escape-velocity-with-pivotal-cloud-foundry-2-0
29




Deployment Cloud Infrastructure

Infra laasS

Server, Storage, Network -> OS

Platform i PaaS
Middleware(DB), Runtime -> Develop env_> ds a service

_

Software W Saa$S

Application -> Service




SaaS (Developer)

Eclipse support Cloud Foundry(Pivotal) and IntelliJ also support PaaS

8006
Eclipse Marketplace @
Select solutions to install. Press Finish to proceed with installation. r
Press the information button to see a detailed overview and a link to more information.
Recent | Popular Installed
Find: {Q cloud foundry| )} [ All Markets

Eclipse Marketplace 2

. June Newsletter |

| | Al Categories +) [LGo |

Cloud Foundry Integration for Eclipse 1.8.3

This listing installs support into Eclipse for Pivotal Cloud Foundry, the industry's
first open platform as a service. A Java 7 Execution Environment is required....

o more info M M Q
e mene w.your code run as a service immediately on the Cloud!
spring Cloud paas java paas cloudfoundry
* 7 | # | installs: 18.0K (240 last month) Install
Marketplaces
-
@ < Back Install Now > | Cancel | Finish



Keep in touch

Prof. YOUNGJONG KIM, Ph.D.
youngjong@ssu.ac.kr, opensys@gmail.com
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