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ABSTRACT 
The performance of server-side applications is becoming 
increasingly important as more applications exploit the Web 
application model. Extensive work has been done to improve the 
performance of individual software components such as Web 
servers and programming language runtimes. This paper describes 
a novel approach to boost Web application performance by 
improving inter-process communication between a programming 
language runtime and Web server runtime. The approach reduces 
redundant processing for memory copying and the context switch 
overhead between user space and kernel space by exploiting the 
zero-copy data transfer methodology, such as the sendfile system 
call. In order to transparently utilize this optimization feature with 
existing Web applications, we propose enhancements of the PHP 
runtime, FastCGI protocol, and Web server. Our proposed 
approach achieves a 126% performance improvement with micro-
benchmarks and a 44% performance improvement for a standard 
Web benchmark, SPECweb2005.  

Categories and Subject Descriptors 
I.7.2 [Computing Methodologies]:  
Document and Text Processing—scripting languages;  
D.3.4 [Software]: Processors—runtime environments  

General Terms 
Performance, Experimentation 
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1. INTRODUCTION 
 In recent years, software applications are increasingly being 

developed to adopt the Web application model via HTTP protocol 
in the Web 2.0 era. This rapidly growing use is dramatically 
increasing the performance requirements for Web application 
servers, and much research is being done in this area 
[1][2][7][10][11][33]. Another recent technological trend is for 
Web applications to be developed with dynamic scripting 
languages such as PHP, Ruby, and Python, since this approach 
supports agile software development environments with rich sets 
of library functions.  

Such languages depend on runtime systems for high 
performance HTTP servers in commercial environments. The two 
components, the language runtime and the HTTP server are 
connected in two different ways. One approach is to embed the 
language runtime within the Web server process using the internal 
API provided by the Web server. The other approach is to 
separate the language runtime from the Web server with the use 
of a well-defined message exchange protocol, such as FastCGI [5]. 
Currently, the protocol-based communication method is becoming 
more popular, and the combination of Lighttpd [8] and FastCGI 
[5] is known to be especially fast for serving PHP Web 
applications. Our prior work [23] showed that Lighttpd and 
FastCGI outperform Apache [20] and mod_php in all SPECweb 
scenarios. Table 1 based on that research [23] shows the peak 
performance in simultaneous sessions (clients) of two Web 
servers, Apache and Lighttpd, with the Zend PHP Runtime 
available at [9].  

Table 1. A comparison of peak throughput in SPECweb2005 

In contrast to the API approach, protocol-based communication 
allows the programming language runtimes to be isolated from 
the Web server engines, which also improves the scalability and 
security. However, there is redundant processing in the Web 
server and the programming language runtime, especially in the 
communication between the two components. In this paper, we 
address this problem and make the following contributions:  

 We propose a performance optimization approach that 
reduces inter-process communication overhead between a 
Web server and a PHP runtime by using a zero-copy data 
transfer methodology such as the sendfile system call.  

  In order for existing PHP applications to take advantage of 
this optimization, we propose an enhancement of the PHP 
runtime that performs lazy file I/O operations while 
maintaining the language semantics without any 
modifications to the application programs. The runtime 
performs no File I/O operations when the content of a file is 
not required for other processing, and the transmission of a 
file to Web clients can is done by the Web server. We 
implement this feature in our PHP runtime engine.  
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Apache + 
mod_php 

  850 sessions 1,250 sessions 1,100 sessions 

Lighttpd + 
FastCGI 

1,250 sessions 2,000 sessions 1,350 sessions  
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