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Abstract— Big Data (as embodied by Hadoop clusters) and Big 
Compute (as embodied by MPI clusters) provide unique 
capabilities for storing and processing large volumes of data.  
Hadoop clusters make distributed computing readily accessible to 
the Java community and MPI clusters provide high parallel 
efficiency for compute intensive workloads.  Bringing the big 
data and big compute communities together is an active area of 
research.  The LLGrid team has developed and deployed a 
number of technologies that aim to provide the best of both 
worlds.  LLGrid MapReduce allows the map/reduce parallel 
programming model to be used quickly and efficiently in any 
language on any compute cluster.  D4M (Dynamic Distributed 
Dimensional Data Model) provided a high level distributed 
arrays interface to the Apache Accumulo database.  The 
accessibility of these technologies is assessed by measuring the 
effort to use these tools and is typically a few lines of code.  The 
performance is assessed by measuring the insert rate into the 
Accumulo database.  Using these tools a database insert rate of 
4M inserts/second has been achieved on an 8 node cluster.  
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I.  INTRODUCTION  
In recent years, the proliferation of sensor devices and the 

growth of the Internet, has created a deluge of data. When 
dealing with big data there are many hurdles: data capture, 
storage, search, sharing, analytics and visualization.  For 
database analysis efficient and high performance data ingest 
and query are very important.  Hadoop clusters [1] are a data 
oriented distributed computing environment.  As such, it is a 
good foundation for building distributed databases in Java and 
there are number of databases that have been built using 
Hadoop (e.g., HBase [2] and Accumulo [3]).  Likewise, MPI 
clusters [4] are a language agnostic parallel computing 
environment that are a good foundation for building efficient 
data analysis applications.  Bringing these two worlds together 
is an active area of research [5]. 

Uniting Hadoop clusters and MPI clusters requires 
addressing several technical differences.  First, Hadoop clusters 
are Java centric, while MPI clusters are multi-lingual.  Second, 
Hadoop clusters provide the map/reduce parallel programming 
model, while the MPI clusters supports all parallel 
programming models (map/reduce, message passing, 
distributed arrays).  Third, Hadoop clusters provide a Java API 
to data, while MPI clusters use operating system filesystem 
calls.  Fourth, Hadoop clusters manage their own jobs, while in 
MPI clusters jobs are managed by a scheduler. 

Based on our experiences with MIT Lincoln Laboratory 

Grid (LLGrid) [6], we (the LLGrid team) have identified four 
specific use cases where it would make sense to bring these 
worlds together: (1) applications written in any language that 
would like to use the map/reduce programming model and/or 
interact to a Hadoop database, (2) applications written in 
MATLAB/GNU Octave that need to interact with a Hadoop 
database, (3)  applications written in any language that need to 
access data stored in the Hadoop file system, and (4) Java 
applications written in Hadoop MapReduce that need to run on 
an MPI cluster. 

For each use case, the LLGrid team has developed or is 
testing a new technology.  For case (1), we have developed 
LLGrid MapReduce that allows any language to run the 
map/reduce parallel programming model on an MPI cluster.  
For case (2), we have developed D4M (Dynamic Distributed 
Dimensional Data Model) technology [7] to provide a 
mathematically rich interface to tuple stores and relational 
databases.  For case (3), we are testing Fuse  [8] operating 
system bindings to the Hadoop file system.  Finally, for case 
(4), we are testing Apache Hadoop integration with Grid 
Engine [9] that allows Hadoop map/reduce jobs to have their 
resources from a central scheduler. 

The remainder of this paper presents the details of LLGrid 
MapReduce and D4M and demonstrates how these tools can be 
used to support the use cases we identified important for 
LLGrid users. In addition, we discussed about the performance 
results obtained with each.  

II. LLGRID MAPREDUCE 
The map/reduce parallel programming model is the 

simplest of all parallel programming models, which is much 
easier to learn than message passing or distributed arrays.  The 
map/reduce parallel programming model consists of two user 
written programs: Mapper and Reducer.  The input to Mapper 
is a file and the output is another file.  The input to Reducer is 
the set of Mapper output files.  The output of Reducer is a 
single file.  Launching consists of starting many Mapper 
programs each with a different file.  When the Mapper 
programs have completed the Reduce program is run on the 
Maper outputs.   

LLGrid MapReduce enables map/reduce for any language 
using a simple one line command.  Although Hadoop provides 
a Java API for executing map/reduce programs and, through 
Hadoop Streaming, allows to run map/reduce jobs with any 
executables and scripts on files in the Hadoop file system, 
LLGrid MapReduce can use data from central storage 
filesystem or a FUSE-mounted Hadoop file system.  LLGrid 
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The performance of the scan rate fluctuates significantly 
with time when using 6 tablet servers because it depends on 
how many active Hadoop data nodes are participated at a given 
time in addition to the number of active tablets.   With 6 tablet 
servers, since the scan operation is spread out among 6 tablet 
servers, the rate change becomes more volatile than what was 
observed with a single tablet server. As expected, overall query 
time is much shorter with 6 tablet servers:  approximately two 
hours (6 tablet servers) and approximately four hours (single 
tablet server). 

VI. SUMMARY 
We have demonstrated that an MPI cluster environment can 

be used efficiently with a Hadoop cluster envrionment.  
LLGrid MapReduce and D4M along with pMATLAB 
technologies make it easy to write the big data applications.  
Both cases show that the data insertion and query scales well 
with the increasing the number of clients and nodes while 
running fully configured Accumulo clusters. 
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