Before the lecture

* Advanced topics in computer networking

* Assignment

* Question-based Teaching Strategy

* Aadditional resources:
http://www.cs.otago.ac.nz/stattpriv/yawen/402.html



http://www.cs.otago.ac.nz/staffpriv/yawen/402.html
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* This Lecture
— Cloud Computing
— Data Center Networking



Cloud Computing

* What is Cloud Computing?

— Cloud computing is the delivery of computing services
(servers, storage, databases, software and more) over the
Internet (“the cloud”). Companies offering these computing
services are called cloud providers and typically charge for

cloud computing services.




Cloud Computing

* Benefits of cloud computing
— Cost
— Performance
_ Reliability

Data Cénter




Cloud Computing

* What are SaaS, PaaS, [aaS?

¥ 4 é

Infrastructure-as-a-Service Platform-as-a-Service Software-as-a-Service

host build consume

http://www.silverlighthack.com/post/2011/02/27/TaaS-PaaS-and-SaaS-Terms-Explained-and-Defined.aspx



Cloud Computing

* Examples:
—SaaS: Google Apps

https://www.google.com/work/apps/business/pricing.html
—PaaS: Google App Engine
https://cloud.google.com/appengine/
—lIaaS: Google Compute Engine

https://cloud.google.com/compute/



https://www.google.com/work/apps/business/pricing.html
https://cloud.google.com/appengine/
https://cloud.google.com/compute/

Cloud Computing

* Types of cloud deployments: public, private, hybrid

— Public cloud (owned and operated cloud server
provider, which deliver their computing resources like
servers and storage over the Internet. You access these
services and manage your account using a web
browser.)

— Private cloud (used exclusively by a single business or
organization. )

— Hybrid cloud (combine public and private clouds,
bound together by technology that allows data and
applications to be shared between them, greater
flexibility and more deployment options)



Cloud Computing

How to connect the computing and storage devices
to maximize the performance?



Outline

* This Lecture
—Cloud Computing
—Data Center Networking

* Data Center Physical Layout
* Main Components in the Data Center

* Data Center Network Topologies



Data Center Physical Layout

Google’s Data Center
Cooling Plant
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Data Center Physical Layout

Data centers with 100,000+ servers

-
-~

Microsoft

Facebook
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Data Center Physical Layout

Entrance Room

Power Backup Systems

Raised Floor

Telecommunications Room

Cooling

System

— Cabinets
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Data Center Physical Layout

* Google released a gallery of pictures of their Data Centers
around the world (7 in the Americas, 3 in Asia and 3 1n

Europe). http://webodysseum.com/technologyscience/visit-the-
googles-data-centers/#sthash.zzZWAk3DV.dpuf

* Google also published a guided tour on YouTube:
https://www.youtube.com/watch?v=avP5d16wEp0

* Street View tour of their data center in Lenoir, North

Carolina:
http://www.google.com/about/datacenters/inside/streetview/



http://webodysseum.com/technologyscience/visit-the-googles-data-centers/
https://www.youtube.com/watch?v=avP5d16wEp0
http://www.google.com/about/datacenters/inside/streetview/

Outline

* This Lecture
—Cloud Computing
—Data Center Networking

* Data Center Physical Layout
* Main Components 1n the Data Center

* Data Center Network Topologies
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Main Components in the Data Center

e Servers

— rack-mount servers

— blade servers

http://hacksnpasses.blogspot.co.nz/2011/07/pros-and-cons-of-tower-rack-and-blade .html
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Main Components in the Data Center

* Storage
— Direct Attached Storage (DAS)
— Network Attached Storage (NAS)
— Storage Area Network (SAN)

Local Area Network (LAN)
* D/}s
Server N ‘j

storage device 1s directly
attached to the server
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Main Components in the Data Center

* Storage
— Direct Attached Storage (DAS)
— Storage Area Network (SAN)
— Network Attached Storage (NAS)

Local Area Network (LAN)

w—— w—

Server Server

L._.§A1?L._.f

. shares storage over a network.
17




Main Components in the Data Center

* Storage
— Direct Attached Storage (DAS)
— Storage Area Network (SAN)
— Network Attached Storage (NAS)

Local Area Network (LAN)

dedicated storage network
transfers data between storage
devices and servers.
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Evolution of Network Storage

Direct Attached Storage  Network Attached Storage Storage Area Network
Clients Clients Clients
| | | | | | :

NAS Storage
Ethernet UN Ethemet
Switch Switch

Storage  ganers  Storage

—GAE
*High cost of management *Transmission optimized for *Transmission optimized for
*Inflexibie flle transactions flle transactions
*Expensive to scale *Storage traffic travels across *Separate LAN and SAN

the LAN sIncreases data avallabliity
*Flexible and scalable



Outline

* This Lecture
—Networking Trends
—Cloud Computing
—Data Center Networking

* Data Center Physical Layout
* Main Components in the Data Center
* Data Center Network Design
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Data Center Network Design

Racks of servers (Google)
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Data Center Network Design

Facebook

What are the connectivity designs?
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Data Center Network Design

* ToR
TOR - Top of RacR design:

Top-Of-Rack (TOR) - Network Connectivity Architecture

Aggregation
Switch

Network
Rack

[ = Rack Mounted
Server
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Data Center Network Design

* ToR
— Easier cabling

—If rack 1s not fully populated, unused ToR
ports

—If rack traffic demand 1s high, difficult to add
more ports

—Upgrading (1G to 10G) requires complete
Rack upgrade



Data Center Network Design

* EoR
EOR - End of Row design:

End of Row Network Connectivity Architecture

I

Chassls/
Aggregation
Switch
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Data Center Network Design

* EoR:
— Longer cables
— Severs can be placed in any rack
— Ports can be easily added, upgraded



Data Center Network Design

* Data Center Design

Data center

Internet

Users
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Data Center Network Design

* Data Center Design

Data center
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Data Center Network Design

* Multi-Tier Data Center Design

Front end Server J
/ = \

Aggregator [ Aggr egato ] [ Aggregator ]

L
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Data Center Network Design
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Data Center Network Design

* Three-tier Data Center Design:
Access, Aggregation, Core
— Each server connects to 2 access switches

— Access switches connect to 2 aggregation
switches

— Aggregation switches connect to 2 core
routers

— Core routers connect to edge routers

— Aggregation layer is the transition point
between L2-switched access layer and L3-
routed core layer
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Data Center Network Design

* Example: Facebook
— https://www.youtube.com/watch?v=mLEawo60zFM

4-post Cluster: a unit of deployment

Facebook Backbone
(to Internet)

.%'*.

TOR switch

AN e |\
4 x Large Cluster M z
Core Switches

QQQ Q Server Rack

Rack Switches




Data Center Network Design

* Example: Facebook
— https://www.youtube.com/watch?v=mLEawo60zFM

Multiple clusters in a datacenter

to Internet

inter-cluster




Data Center Network Design

* Example: Facebook

— High inter-cluster traffic

Traffic growth: exponential

Machine to Machine: Machine to User:

Inter-Cluster . Egress: out 10
Traflic Users/intemet




Data Center Network Design

* Example: Facebook Fat-Tree Topology




Data Center Network Design

* Example: Facebook Fat-Tree Topology
— Many paths

Many paths between servers




Data Center Network Design

* Example: Facebook Fat-Tree Topology

— Load balancing

Distributed load

LA B R L B L B N L ..;.. OO0 D000 VOFT OO0 00O ® B




Data Center Network Design

* Example: Facebook Fat-Tree Topology

— Fault-tolerance

Distributed load, resilience to failures

oXogn XQ...




Data Center Network Design

* Example: Facebook Fat-Tree Topology
— Flexible, Scalable and Easy!
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Data Center Network Design

* Fat-Tree (SIGCOMM °08): three-layer topology (edge,
aggregation and core)
— each pod consists of (k/2)? servers & 2 layers of k/2 k-port switches
— each edge switch connects to k/2 servers & k/2 aggregation switches
— each aggregation switch connects to k/2 edge & k/2 core switches
— (k/2)? core switches: each connects to k pods

pods number: k=4
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Data Center Network Design

e Recursive DCN Architecture (SIGCOMM ’08):

— A Level-0 subnet is the basic building block. It contains inter-connected servers.
Each level-k subnet has multiple level-(k-1) subnets.
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Data Center Network Design

 Bcube (SIGCOMM '09)
— Servers with multiple ports

— Switches that connect to a constant number of servers

— A recursively defined structure: A BCube,1s simply n
server connecting to an n-port switch; A BCube, 1s
constructed from n BCubeys and n n-port switches.
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http://conferences.sigcomm.org/sigcomm/2009/

Data Center Network Design

Energy: Results

10° | = Decell = Three-tier =—— BCube

» »
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|
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Power Consumption (W)

(0 :
0 0.2 0.4 0.6 0.5 ]

Load (1)

http://www .slideshare .net/cfiandra/dat-43495614
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Data Center Network Design

Communication: Results

ARCHITECTURES

PERFORMANCE INDEX

Three-tier BCube DCell
Latency (40 B) 1.98 us 393 us 4.73 ps
Latency (1500 B) 28.34 ps 73.72 ps 93.92 ps

Hop distance 5.78 7.00 8.94

Server Degree Connectivity 1 4 2.79

http://www .slideshare .net/cfiandra/dat-43495614
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