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Figure 3: Cloud Architecture
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Grid Protocol Architecture
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Figure 2: Grid Protocol Architecture
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One server
DRAM: 16GB, 100ns, 20GB/s
Disk: 2TE, 10ms, 200MB/fs

Local DRAM

Rack Switch

Local rack (80 servers)
DRAM: 1TB, 300us, 100MB/s
. Disk: 160TB, 11ms, 100MB/s

Datacenter Switch
Cluster (30 racks)

DRAM: 30TB, 500us, 10MB/s
Disk: 4.80PB, 12Zms, 10MB/s

The Datacenter as a Computer
Arn Inrroducriorn ro the Desigrn of
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(c) Underprovisioning 2 Computing




Obstacle

Opportunity

I | Availability of Service

Use Multiple Cloud Providers to provide Business Continuity;
Use Elasticity to Defend Against DDOS attacks

2 | Data Lock-In

Standardize APIS;
Make compatible software available to enable Surge Computing

3 | Data Confidentiality and Auditability

Deploy Encryption, VLANS, and Firewalls;
Accommodate National Laws via Geographical Data Storage

4 | Data Transfer Bottlenecks

FedExing Disks; Data Backup/Archival;
Lower WAN Router Costs; Higher Bandwidth LAN Switches

5 | Performance Unpredictability

Improved Virtual Machine Support; Flash Memory:;
Gang Scheduling VMs for HPC apps

6 |_Scalable Storage

[nvent Scalable Store

T | Bugs in Large-Scale Distributed Systems

[nvent Debugger that relies on Distributed VMs

Scaling Quickly

[nvent Auto-Scaler that relies on Machine Learning;
Snapshots to encourage Cloud Computing Conservationism

9 | Reputation Fate Sharing

Offer reputation-guarding services like those for email

10 | Software Licensing

Pay-for-use licenses; Bulk use sales

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Above the Clouds: A Berkeley View of Cloud

Computing
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Real-Time Messaging Protocol (RTMP) traffic doubled, and global video traffic in general surged to 26% above
normal levels, peaking during the wedding ceremony itself

Traffic on the social media sites Twitter and Facebook peaked 30% and 10%, respectively, above normal levels
and local peaks corresponded with highlights of the wedding coverage

Levels of Octoshape, a proprietary streaming platform used for large-scale online events (most recently
President Barack Obama's inauguration and Michael Jackson’s memorial service) increased to 60 times the
normal level
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. _ 36% CAGR 2009-2014
B Online Gaming

H Video Calling
m\olP 15%

Web and Data

File Sharing ]
M Internet-Video-to-TV 27%

Internet Video -
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*VolP, Online Gaming, and Video Calling contribute 1% or less in 2014
Source: Cisco Visual Networking Index (VNI) Global Forecast, 2009-2014 - www_cisco_com/godvni
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“l urged them to remove some of the technical mistakes of the
language, the predominance of references...”

Turing Award lecture, Tony Hoare
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Routing Optimization Akamai

Application
Origin

Sure Route

= Discovers a range of low latency paths.

« The best two paths are chosen (along with ——— ‘
the standard Internet BGP path). |

» Object request races pre-determine the optimal path.
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Query: a1854 g.akamai net
SS9 Root and top-level DNS sarvers

: g Akamal High-Level DNS Server
7 * (e.9., za.akamaitech.net)
- 0 AT Akamai Low-Level DNS Server
Query: i (e.g., n0g.akamai.net)

Akamai
> Edge
Servers
Local network’,  cRacor

" (Webclient) J
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End users spread
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