
1 



2 



3 



4 



5 



6 



7 

Spending  
More Time 

Average User Spends 32 Hours per Month Online  

Doing More  
Things 

Over 85000 iPhone Applications, 2 Billion 
downloads 
More collaborative and interactive than ever before 

More People 1.7 Billion Internet Users by End 2009 

More Places Many of these are increasingly Mobile users 

Consuming  
Tons of data 

Predicted to touch 1 ZettaByte by 2015 
HD audio/video; virtual worlds; online file servers, 
Telepresence 

Anytime-anywhere access becoming expected 
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Staging 
Server

High-bandwidth, high-latencyLow-latency RF

Distant server
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Data staging reduces cumulative delay up to 64%  
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Schedule heavy computations sync 
• Video/audio processing 
• Floating point computation 
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Schedule background processes async 
• Back ground virus scans 
• Security checks 
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Capability inflation: CPU clock rate, the 
number of virtual CPU cores, memory size 
• File system scanning app. 

• HTC G1 – 3953 s 
• QEMU* VM on a Dell Desktop – 336 s 
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Choosing between multiple execution paths 
• Energy conservation path 
• Fault diagnosis 
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           Limited bandwidth 

High latency 



AP 

Wireless 
 Hotspot 

Internet 

Surrogate 
Home 
Server 

VNC 
 client 

VM 

VNC 



AP 

Wireless 
 Hotspot 

Internet 
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Home 
Server 

Problems:  

1.  No service during migration 
2. Loss state on surrogate 

failure 

VNC 
 client 

VM 

VNC 
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 client •  Home replica always available  

•  No state loss on surrogate 
failure 
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Request 

VM 

VNC 
 client 

VNC 
 proxy 

Home 
Server 

Surrogate 

Request  

Surrogate 

•  Slingshot applications 

- Remote desktop: VNC 

- Speech recognition: IBM 
ViaVoice 

VM 

Request 

VNC VNC 

VM 

VNC 



Surrogate Home Server 

30 ms 

latency 

Internet 

1.5 
Mbps 

1.5 
Mbps 

AP 

1.5 
Mbps 256 

Kbps 

•  Workload: open Word, insert text, 
save document and close Word 

VM 

VNC 

VM 

VNC 





Surrogate Home Server 

30 ms 

latency 

Handheld 

Internet 

1.5 
Mbps 

1.5 
Mbps 

AP 

1.5 
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Kbps 

VM 

VNC 



•  Slingshot executes 2.6 times faster than remote 
execution 

: Remote execution 

: Slingshot 

: Slingshot w/ 
microdrive          

: Remote execution 

: Slingshot 



The Energy Consumption of Wi-Fi vs. 3G for 
Connectivity to the Cloud 



The Energy Consumed by Offloading 10KB 
and 100KB of Code to the Cloud as the RTT Increases 
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A comparison of energy consumption for image 
recognition software   



A comparison of energy consumption for image 
recognition software   



A comparison of energy consumption for image 
recognition software   
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