
International Journal of Advanced Computational Engineering and Networking, ISSN(p): 2320-2106, ISSN(e): 2321-2063 
Volume-5, Issue-12, Dec.-2017, http://iraj.in 

Implementing MPI Communication Infrastructure in a Browser-Based Distributed Computing Environment 
 

77 

IMPLEMENTING MPI COMMUNICATION INFRASTRUCTURE IN A 
BROWSER-BASED DISTRIBUTED COMPUTING ENVIRONMENT 

 
1CHUNG YUNG, 2LUCAS PAN 

 
1,2Department of Computer Science and Information Engineering, National Dong Hwa University 

E-mail: {yung@mail, 610421218@gms}.ndhu.edu.tw 
 

 
Abstract—The goal of this paper is to utilize the web browsers as a distributed computing environment.  We analyze the 
advantages and disadvantages to popular communication infrastructures for distributed systems when implementingthem in a 
browser-based distributed computing environment.  Our analysis shows that MPI is one of the good candidates that may be 
implemented in a browser-based distributed computing environment for its simplicity and its compatibility with the popular 
web browsers, such Google Chrome and Mozilla Firefox.  With our MPI infrastructure, we implement a distributed merge sort 
system that may be executed in three configurations of the distributed environment: one client with one server, one client with 
two servers, and one client with four servers.  Since almost all the computers and mobile devices have web browsers installed, 
our infrastructure may be easily ported to the distributed systems with various hardware configurations. 
 
Index Terms— Distributed communication models, web browsers as computing environments, distributed systems. 
 
I. INTRODUCTION 
 
As modern browsers have evolved into sophisticated 
computing environments [1], [2], the goal of our work 
is exploring the possibility to utilize the web browsers 
as a distributed computing environment. 
 
The prosper development of high-speed computer 
networks nurtures the evolution of distributed systems 
[3].  By the definition given by Tanenbaum and Steen 
[4], a distributed system is a collection of independent 
computers that appears to its users as a single coherent 
system. 
 
The mechanism of interprocess communication is at 
the heart of all distributed systems [4].  Among various 
communication models proposed for efficient 
communication, the standard message passing 
interface (MPI) [5]is one of the most popular 
infrastructures used in practical distributed systems 
[6-9].  Since the official MPI bindings are currently 
defined only for C, Fortran, and C++, there are a few 
efforts working on extending MPI to the other 
programming languages and platforms [10-14]. 
With a sandboxing technology, the modern browsers 
allow safely running native programs, and usually the 
browsers offer a standard interface in theJavascript 
language[1], [2].  This motivates our investigation on 
implementing the MPI communication infrastructure 
in a browser-based distributed computing environment 
with an interface in Javascript. 
Our investigation includes three phases.  First, we 
analyze the advantages and disadvantages to popular 
communication infrastructures for distributed systems 
when implementing them in a browser-based 
distributed computing environment.  Our analysis 
shows that MPI is one of the good candidates that may 
be implemented in a browser-based distributed 
computing environment. Second, we slightly modify 
the standard MPI infrastructure and propose an 

application program interface for developing 
distributed software in a browser-based computing 
environment.  We reference the official proposal of the 
message passing interface standard [5], and apply the 
required modifications for the use in a browser-based 
computing environment. 
 
And last, we implement the proposed MPI 
infrastructure and apply it when developing a 
browser-based distributed merge sort system.  The 
result shows the feasibility of our proposal. 
 
The rest of this paper is organized as follows.  In 
Section 2, we survey a few communication 
infrastructures for distributed systems, and we analyze 
their advantages and disadvantages when 
implementing in a browser-based distributed 
computing environment.  The discussion motivates the 
proposal of a modified version of the MPI 
infrastructure specialized for a browser-based 
distributed environment, which we describe in Section 
3.  Section 4 presents our implementation and 
application to the browser-based distributed merger 
sort system.  The case study shows the feasibility of 
our proposal in Section 3.  At last is a brief conclusion. 
 
II. BACKGROUND 
 
In this section, we discuss a few communication 
infrastructures proposed for distributed systems in the 
literature.  We analyze their advantages and 
disadvantages when implementing them in a 
browser-based computing environment. 
 
According to the discussion in [4], we classify the 
communication infrastructures for distributed systems 
into four categories: remote procedure call (RPC) 
based infrastructures, message-oriented 
communication (MOC) based infrastructures, 
stream-oriented communication (SOC) based 
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infrastructures, and multicast communication (MCC) 
based infrastructures. 
A. RPC-based Infrastructures 
The communication infrastructures that allow 
programs to call procedures located on the other 
machines are known as remote procedure call, or often 
just RPC.  For example, when a process on machine A 
calls a procedure on machine B, the calling process on 
A is suspended, and the execution of the called 
procedure takes place on B.  Information can be 
transported from the caller to the callee in the 
parameters and can come back in the procedure result 
[4]. 
For the consideration of implementing RPC-based 
infrastructures in a browser-based computing 
environment, we found that such infrastructures 
usually require the compilers to have the information 
about the remote procedures in order to generate 
efficient execution code, and it is a little bit 
complicated for a browser to make corresponding 
adjustment. 
 
B. MOC-based Infrastructures 
The message-oriented communication (MOC) 
infrastructures in distributed systems allow 
asynchronous implementations of the communication 
mechanism and thus are applied in many distributed 
systems with inherent asynchronous nature [4].  
Among various models proposed for MOC-based 
infrastructures, the message passing interface (MPI) is 
designed for high-performance parallel applications 
and makes it easy to understand the diversity in 
different communication primitives. 
Since the message-oriented primitives have a 
popularly recognized standard and allow the 
developers to easily write highly efficient applications, 
the MOC-based infrastructures, especially MPI, can 
be used together with web browsers when 
implementing the communication infrastructure. 
 
C. SOC-based Infrastructures 
The scream-oriented communication (SOC) 
infrastructures in distributed systems are designed for 
the use of exchanging time-dependent information 
such as audio and video streams [4].  It is not 
interested in the work described in this paper. 
D. MCC-based Infrastructures 
The multicast communication (MCC) infrastructures 
are designed for the support of sending data to 
multiple receivers [4].  With the advent of peer-to-peer 
technology and notably structured overlay solutions, it 
is now easy to set up communication paths for 
multicast.  It is not interested in the work described in 
this paper, either. 
 
III. PROPOSED MPI INFRASTRUCTURE 
 
In this section, we present the proposed MPI 
infrastructure, which is slightly modified from the 
standard MPI [5] with an intension of implementation 

in a browser-based distributed computing 
environment. 

 
Figure 1: Proposed API for an MPI infrastructure 

 
We propose that the MPI infrastructure for a browser- 
based distributed computing environment have the six 
methods whose application program interface (api) is 
listed in Figure 1. 
 
 MPI_Init initializes MPI execution environment. 
 MPI_Finalize terminates the MPI execution 
environment. 
 MPI_Comm_sizedetermines the size of the group 
associated with a communicator. 
 MPI_Comm_rankdetermines the rank of the calling 
process in the communicator. 
 MPI_Sendperforms a blocking send. 
 MPI_Recvperforms a blocking reception for a 
message. 
 
Please note that our proposed MPI infrastructure is 
targeted for the client/server model shown in Figure 2.  
In such cases, the methods listed in the proposed MPI 
infrastructure facilitate the synchronous 
communication for reads and writes. 
 
IV. A CASE STUDY ON DISTRIBUTED MERGE 
SORT 
 
For verifying the feasibility of the proposed MPI 
infrastructure presented in the previous section, we 
implement a distributed merge sort system, which is 
executed in a browser-based computing environment.  
The implementation is in the Javascript language.  The 
implemented distributed merger sort system has been 
tested on both Windows 8 and Ubuntu 14.04 operating 
systems withthe Google Chrome browsers [15] 
(version 60.0.3112.113) installed. 
The block diagram for the distributed merge sort that 
we implement is show in Figure 3, which includes an 
html file for the web page, a json file for transmitting 
data objects, and five js files of Javascript programs. 
Our implementation of the distributed merge sort 
system includes a flexible configuration module such 
that the system may be executed for three 
configurations of the distributed platforms: one client / 
one server, one client / two servers, and one client / 4 
servers. 
Figure 4 shows the message-passing behavior for the 
distributed merge sort system in the three 
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configurations. 
 In the one client / one server configuration, the 
client main module calls to a random number module 
to generate a list of numbers for sorting.  It calls to the 

server main module, passing the list of numbers.  The 
server main module calls to the merge sort module for 
sorting, and then return the sorted list of numbers to 
the client. 

 

 
Figure 2: The targeted client/server model 

 
Figure 3: Block diagram of a distributed merge sort system 

 
 In the one client / two servers configuration, the 
client main module calls to a random number module 
to generate a list of numbers for sorting.  It calls to the 
two server main modules simultaneously, passing a 
half of the list to each.  Each of the server main 
modules calls to the merge sort module on its site for 
sorting, and then returns the sorted list of numbers to 
the client.  Finally, the client main module calls to the 
merge sort module on its site for sorting the two lists 
returned and then generates the overall sorted list. 
 In the one client / four servers configuration, the 
client main module calls to a random number module 
to generate a list of numbers for sorting.  It calls to the 
four server main modules simultaneously, passing a 
quarter of the list to each.  Each of the server main 
modules calls to the merge sort module on its site for 
sorting, and then returns the sorted list of numbers to 
the client.  Finally, the client main module calls to the 
merge sort module on its site for sorting the four lists 
returned and then generates the overall sorted list. 
 
Figure 5 includes the screen snapshots of running the 
distributed merge sort system.  Figure 5 (a) is the 
screen snapshot of running the distributed merge sort 
system in the one client / one server configuration, 
while Figures 5 (b) and (c) are those of one client / two 
servers and one client / four servers configurations, 
respectively. 

 
CONCLUSION 
 
In this paper we present our work in exploring the 
possibility of implementing the MPI communication 
infrastructure in a browser-based distributed 
computing environment. 
We first analyze the advantages and disadvantages to 
popular communication infrastructures for distributed 
systems when implementing them in a browser-based 
distributed computing environment, and our analysis 
shows that MPI is one of the good candidates that may 
be implemented in a browser-based distributed 
computing environment.   
Then, we slightly modify the standard MPI 
infrastructure and propose an application program 
interface for developing distributed software in a 
browser-based computing environment. 
And last, we implement the proposed MPI 
infrastructure and apply it when developing a 
browser-based distributed merge sort system.  The 
result shows the feasibility of our proposal. 
A final note is that since almost all the computers and 
mobile devices have web browsers installed, our 
implemented MPI infrastructure may be easily ported 
to the distributed systems with various hardware 
configurations. 
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(b) In one client / two servers configuration 

 
(c) In one client / four servers configuration 

 
Figure 4: The message-passing behavior 
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(a) In one client / one server configuration 

 
(b) In one client / two servers configuration 

 
(c) In one client / four servers configuration 

 
Figure 5: The snapshot of running our implementation 

 
 
 
 

 


