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Introduction 

u Web browser is one of the most important 
applications on mobile devices. It is known 
to be slow, taking many seconds to open a 
webpage. 

 
u The long delay harms mobile user 

experience and eventually discourages 
web-based business: 

 
 
	




Background 



Background 

Why are Mobile Browsers Slow?  

 
The bottleneck of mobile browser 
performance is actually in resource 
loading due to long round trip time 
(RTT) and the large number of 
round trips. 	




Related Work 

u The key to improve mobile browser is to speed up 
resource loading. 

u Many effective solutions require infrastructure 
support, either from the web server or a proxy. 

u Those solutions are hard to deploy, are subject to 
the ability of the servers, cannot provide end-to-end 
security or has limited client JavaScript support.  



Client-only solutions 



Mobile Web Browsing Characteristics 

 
u Resource graph:  
 

Website node


subdomain node


Webpage node


Subresource node




Characteristics of Websites  

u  Firstly, Webpages from the same website 
often share a large portion of resources.  

 

 

 
u  Secondly, the structure of a resource graph 

can change over time.  



Mobile User Browsing Behavior  

u The total number of frequently visited 
websites is usually small.  

u Across different users, the web usage is 
diverse.  

u The majority of the webpage visits are 
new visits.  

u Though users tend to visit new webpages, 
the browser is likely to request a similar 
set of subresources.  



EFFECTIVENESS OF CLIENT ONLY APPROACHES  

Caching 
u browser saves the subresources of 

previously visited webpages locally and 
reduces the resource loading time if the 
same subresources are requested again.  

u A cached resource can have two states: 
fresh or expired.  

u The benefit of caching is marginal 

 



EFFECTIVENESS OF CLIENT ONLY APPROACHES  

Web Prefetching 
u Web prefetching predicts the webpages that 

will be visited by the user and downloads 
their resources beforehand.  

u Client-only web prefetching results in 
significant additional data usage with very 
little improvement.  
n  Web prefetching cannot predict URLs that have 

never been visited before;   
n  On average, 75% of the webpages visited are new 

visits  
 
 



EFFECTIVENESS OF CLIENT ONLY APPROACHES  

Speculative Loading 
u Load sources for a webpage along with the 

main resource file after a user provides the 
web URL.  

u predicts which subresources to load based 
on a resource graph of the website 
constructed using knowledge of the website 
collected from the past.  

 



EFFECTIVENESS OF CLIENT ONLY APPROACHES  

The advantages of Speculative loading: 
 

u Compared with Caching. 

u Compared with Prefetching 



EFFECTIVENESS OF CLIENT ONLY APPROACHES  

u Upper Bound of Improvement 
 



TEMPO:ASPECULATIVEMOBILE BROWSER  



Metadata Repository  

Two advantages: 

u Firstly, it relates the resources in 
each website in the corresponding 
resource graph.  

u Secondly, metadata repository only 
takes several hundred KB of storage 
on the mobile device  

 



Speculative Loader 



Update Service 

u Update operation adds a node if the 
node does not exist in the resource 
graph or updates the information 
stored in the node if the node exists in 
the resource graph already.  

u Trim operation removes the nodes that 
are not visited for more than one 
month from the resource graph.  

 



Temporary Cache 

u Those files should not be stored 
in the cache.  

u After the webpage is open, all 
the resources in the temporary 
cache will be deleted.  

 



Evaluation 

u  Subresource Prediction Performance  
 



Lab Experiments 



Conclusion 

u Of solutions for browser speed 
improvement, client-only ones are 
immediately deployable, scalable, 
and secure.  

u the upper bound of browser delay 
reduction for client-only solutions is 
1.4 second with today’s typical 3G 
network.  
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