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Abstract
In today’s era of scientific computing and technology, there is a shift 
in trend of data processing from conventional processing towards 
parallel processing. The technique of computing of multiple tasks 
simultaneously on multiple processors is called Parallel Computing. 
The parallel program consists of multiple processes solving a given 
problem simultaneously. Parallel computers can be roughly classified 
as Multi-Processor and Multi-Core. In both these classifications 
the hardware supports parallelism within single node where each 
node can have multiple processing elements either in single chip 
pack or in distinct chips. Parallel hardware design employs array 
processors, pipelined systems which can be further extended to 
scalar and super scalar pipelined systems. The aim of this paper is to 
investigate the performance of parallel implementation of Message 
Passing Interface (MPI) collective communication based matrix 
multiplication algorithm on High Performance Computing (HPC) 
platform using Infiniband. In this paper, collective communication 
algorithm implementation is evaluated against point-to-point 
communication algorithm to determine how the cluster performs 
the computation and how the communication or message passing 
between various nodes can be optimized and execution time can 
be made faster.
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I. Introduction

Parallel Computing is the technique of doing computations in 
which multiple processing elements are used to perform multiple 
tasks simultaneously. It can be implemented on a single machine 
as well as on multiple machines. It is cost effective and gives high 
throughput as compared to serial computing. In serial computing, 
only one instruction is executed on the processor at a time, thus, 
gives low throughput and poor utilization of available computing 
resources. But in parallel computing, bigger problems are split into 
smaller ones which can be solved on multiple processing elements. 
Parallel computing involves efficient utilization of resources through 
multiple processing and multi-threading.
Parallel computing can be implemented in different ways: Grid 
computing and cluster computing. In Cluster computing, a cluster 
of machines can run same program code on different data elements 
giving high throughput while in grid computing, servers or personal 
computers can run independent tasks and they are connected to each 
other in a network. Computers can be connected to each other directly 
or via scheduling systems. Grid computers are more heterogeneous 
and geographically dispersed than cluster computers.
Message Passing Interface (MPI) is a communication interface 
that was designed by a group of researchers in 1994 for distributed 
memory parallel programming [1]. MPI can allow processes on one 
node to communicate with processes running on an entirely distinct 
node, providing greater flexibility and large scale applications to 

be executed across a HPC cluster (Figure 1). Communication 
messages between nodes can be transported via a number of 
common interconnect networks including Ethernet, Myrinet 
or Infiniband. Applications written to use MPI are compiled to 
include the MPI libraries. Version of the MPI standard (MPI-2) 
provides new functionality of dynamic processes and parallel I/O.
MPI implementations available on HPC are OpenMP 1.4, Intel MPI 
4.0.3.008 and MVAPICH2-1.8. 
Various features of MPI are:
1. Scalability 
2. Portability
3. Universality
4. Simplicity

Fig. 1: Message Passing Model

Matrix multiplication is an important algebraic operation and 
is the kernel of many scientific and engineering applications. 
If A is n × k matrix and B is k × m matrix, then their matrix 
product AB is n × m matrix (Figure 2). In this, k entries across the 
rows of A are multiplied with the k entries down the columns of B. 
It can be solved by following the Single Program-Multiple Data 
(SPMD) processing model, where initial data distribution and a 
common program are devoted to data processing and communication 
between processes. Matrix multiplication is the best example of high 
computation and data intensive applications and is taken as a test 
bed for parallel processing on the cluster of nodes.

Fig. 2: Matrix Multiplication
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The serial algorithm for matrix multiplication has time complexity 
O (n3). Many parallel algorithms have been developed since 1969 
which include Systolic algorithm [2], Cannon’s algorithm [3], Fox’s 
Algorithm [4], PUMMA (Parallel Universal Matrix Multiplication) 
[5], SUMMA (Scalable Universal Matrix Multiplication) [6] and 
DIMMA (Distribution Independent Matrix Multiplication) [7].
 Ismail et al proposed parallel programming model SPC3 PM 
(Serial, Parallel and Concurrent Core to Core Programming 
Model) for general purpose multi-core processors [8]. With the 
concurrent function of SPC3 PM, the programmer can execute a 
simple and standard matrix multiplication algorithm concurrently 
on multi-core machines in much less time than that of standard 
parallel OpenMP. The proposed approach also shows more 
scalability, good speedup and better utilization of available cores 
than that of OpenMP. Krishnan and Nieplocha developed new 
algorithm known as SRUMMA using shared memory approach 
and remote memory access (RMA) communication rather than 
message passing [9].
Dhankher and Gupta implemented and evaluated the performance 
of mpiBLAST-PIO to determine sequence alignment on HPC 
Cluster using master-client architectural model [10]. In this 
experiment, sequence search was carried out on different number 
of cores ranging from 24 to 192 where the fragment size was taken 
to be an integral multiple of number of slaves in each case. It was 
observed that the execution time increased when partition-size was 
equal to number of cores (MPI processes) with the increased loads 
of scheduling and output coordination on master process.
In point-to-point (P2P) method, each process communicates 
with other processes via many send and receive calls for data 
exchange and conveying messages. Total execution time can 
be calculated by adding computation time and communication 
time. In this approach, execution time will increase due to 
more communication calls between processes resulting in large 
communication overhead. 
In collective based matrix multiplication method, all the processes 
communicate with each other and access data from the shared 
memory. The master process needs to broadcast data/ message to 
all the slaves and all the slaves have to return individual computed 
results to the master. The data received from the slaves are 
combined by the master via single command. The paper presents 
the experience in mapping and evaluating both the point-to-point 
communication based and Collective Communication based 
method algorithm onto Infiniband based HPC.

II. Material and Methodology 

A. Cluster Hardware
All the experiments were run on a HPC Linux cluster installed 
at Data Centre, SEEIT, PAU. The cluster comprises 40 compute 
nodes, each with two hexa-core Intel Xeon 2.93 GHz processors 
having 12 MB cache and 50 GB RAM. Two head nodes, each with 
two quad-core processors and 32 GB RAM are used to manage the 
cluster. The intercommunication network between the computing 
nodes consists of 40 Gbps Infiniband network, allowing for highly 
efficient message passing. The cluster consists of two 10 Gbps 
Ethernet switches and five Infiniband Host channel adapters that 
supports 4 × QDR.

B. Software
The Operating System running on the nodes is RHEL Server 5.6 
with the 2.6.18-238.el5, 2.6.18-238.el5xen kernel. The cluster 
includes IBRIX parallel File System, the software component 

of the IBRIX is combined with the HP X9000 series of storage 
systems. There are three MPI implementations available in HPC 
cluster: OpenMP, Intel MPI and MPICH2. Among these Intel-MPI 
was chosen for the experiment. PBS-PROFESSIONAL 12.0.1 
job-scheduler was used to manage jobs. 

C. Cluster Based Parallel Computing Architecture
Chabbra and Singh proposed cluster based computing framework 
to solve parallel applications [11].In this framework, problem 
is taken by the master process and the task is divided into slave 
processes. Each slave process then sends back the solutions of 
the assigned sub problem after doing individual computations 
(Fig. 3). 
Gupta et al implemented sequence alignment algorithms on clusters 
[12]. Smith waterman algorithm was used for local alignment 
between two sequences. When 32 processors were used with a 
sequence of 5000 characters long, the implementation showed an 
improvement up to 10.30 times. It was observed that processing 
time of bioinformatics algorithms can be improved by subdividing 
them and running them concurrently on the cluster.

Fig. 3: Cluster Based Parallel Computing Architecture on Three 
Nodes

D. Implementation
The architectural model consists of a client, a master process 
which is capable of handling requests from the client and multiple 
slave processes, capable of accepting problems from the master 
and sending the solution back. The master process and the slave 
processes communicate with each other using OpenMP. In the 
proposed parallel matrix multiplication algorithm, the matrix B 
is divided into set of rows and sent to the slaves while matrix A is 
broadcasted to all processes. The slaves compute the entire set of 
rows that they have received and sent it back to the master in one 
send operation rather than via different send/receive calls (Figure 
4). Therefore, a parallel system consisting of different nodes of 
Linux cluster connected via Infiniband can be created which will 
be working together as a single integrated computing resource to 
provide higher availability, reliability and scalability. 
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Fig. 4: Layout for Solving Matrix Multiplication on HPC

III. Results and Tables
In this paper, performance of collective communication based 
method for matrix multiplication was evaluated by measuring 
speedup and efficiency against point-to-point communication 
version. The execution times for the matrices of sizes up to 2500 
were compared for both the methods (Figure 5). It was found that for 
larger number of processes and matrix size up to 800, the execution 
time got severely affected by the communication overhead in 
P2P method giving advantage to collective communication based 
method. In collective communication based method, inter process 
communication time was reduced and efficiency was improved 
to about 34% for matrix size 2500.

Fig. 5: Performance Comparison of P2P and Collective Based 
Algorithms 

IV. Conclusion 
This paper evaluated the performance of collective communication 
based method against point-to-point (P2P) communication based 
method to solve matrix multiplication for matrices of order less than 
3000. Collective based method helped to improve the efficiency 
of solving matrix multiplication by decreasing communication 
overhead. It gave optimum efficiency as compared to P2P method 
when we increased number of processors. Maximum performance 
improvement of about 34% was achieved for solving matrix 
multiplication of 2500X2500 matrices when implemented on 
three nodes using seven slave processes.
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