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The past decade has witnessed a revolution in the application of information technology to scientific 
research, fueled in part by the explosion of data from high-throughput experimental devices. For example, 
genome sequencers are now available that can produce 2 - 4 terabytes of data per run. Clearly, the storage, 
management, and analysis of such enormous data flows requires substantial computing power and 
immense mass-storage capacity.  The same is true in many other areas of science and engineering.   
Furthermore, modeling and simulation are playing an ever more pivotal role in scientific research, as 
evidenced by the recognition by the National Science Foundation that computational science now 
represents a third pillar of science, complementing experimental and theoretical science.  Accordingly, 
access to advanced computational resources (computing, storage, and networking) by researchers from a 
wide variety of fields from the traditional sciences (physics, chemistry, and biology) and engineering 
(mechanical, chemical, and biological) to medical research and the humanities/social sciences is no longer 
a luxury but rather a necessity if they hope to stay at the forefront of their respective field, advance 
knowledge, and improve the quality of life. 
 
Despite the clear and crucial role that campus-based HPC centers play in supporting research and 
scholarship at a modern research university, it is safe to say that all too often, given today’s financial 
pressures, administrative support for such centers is difficult garner and budgetary pressure is constantly 
applied.   This is partly due to the lack of quantitative metrics that clearly demonstrate, in terms readily 
digested by senior management, the utility, service, competitive advantage, and return on investment that 
these centers provide.   Instead, many centers rely (hope) on an implicit understanding by senior 
management that access to advanced computing resources is an essential component in the arsenal of a 
research university.  While in many cases this is understood, resources are limited and it is incumbent on 
HPC centers to provide quantitative evidence to justify the university’s continued investment. 
 
This white paper will focus on the implementation of systems that can be readily implemented by HPC 
centers to provide such metrics.  The focus will be on two systems that are currently implemented at the 
University at Buffalo’s Center for Computational Research (CCR) that have proven over the years to be 
very useful in this regard, namely UBMoD and a grants database.    UBMoD (UB Metrics on Demand) 
provides instantaneous and historical information on resource utilization in an easy to understand, 
graphical format.   CCR’s grant database is a web-based application that allows CCR’s staff to keep track 
of grant proposals submitted and awarded that utilize CCR resources (hardware, software, and personnel).   
This is useful not only to readily provide metrics regarding extramural funding (return on investment), but 
also to ensure that funded grants are properly invoiced for services provided.  We begin with a description 
of UBMoD. 
 
UB Metrics on Demand (UBMoD):  UBMoD is an open source data warehouse and web portal for 
mining statistical data from resource managers (Torque and OpenPBS are currently supported) commonly 
found in high-performance computing environments.  It was designed to meet the following objectives: 
(1) provide the user community with an easy to use tool to manage their accounts and optimize their use 
of resources, (2) provide staff with a diagnostic tool to monitor and tune resource performance for the 
benefit of the users, (3) provide senior management with a tool to easily monitor utilization, user base, 
distribution of resources among decanal units, and (4) help ensure that the resources are effectively 
enabling research and scholarship. 
 
Developed by Andrew Bruno at the Center for Computational Research, UBMoD presents resource 
utilization (CPU cycles consumed, total jobs, average wait time, etc.) for individual users, research 
groups, departments, and decanal units.  A role-based authentication scheme is used to display data in the 
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format best suited to the end-user (for example, as a student, research group leader, department chair, 
dean, etc.). The interface provides a dashboard overview of resource consumption along with fine-grained 
control over the time period and resources that are displayed. The information is presented using easy to 
understand interactive charts, graphs, and tables as shown in Figure 1. Written in Java and using a data 
warehouse implemented using MySQL, UBMoD is designed to be extensible and portable.   It is available 
in the public domain at SourceForge at http://ubmod.sourceforge.net/. 
 

 
Figure 1: UBMoD Decanal Unit View which shows resource (CPU cycles, disk storage) utilization based on 
decanal units. 
 

UBMoD consists of three modules: the accounting log processor, the data warehouse for storing raw data, 
and the web application portal.  The accounting log processor is responsible for ingesting the source 
auditing information and loading it into the data warehouse while the web application portal displays the 
data in an easy to understand format.  Most resource managers maintain detailed accounting information 
that can provide a wealth of information about the various jobs that are managed by the system.  On 
ingestion, this data is aggregated in the data warehouse by week, month, quarter, and year for quick 
lookup.  The web portal provides a role-based user interface for displaying and exploring data ingested 
from the various resource managers.  Each user of the auditing portal is associated with one or more roles, 
allowing data access and display to be personalized to various roles including system administrators, 
university management, primary investigators, and other researchers.  Users can quickly view their usage 
history, the usage of their research group, or a high level overview of the particular usage statistics for all 
resources that they have access too.  The portal dynamically generates charts based on a specified time 
period and the resources that have been selected by the user.   

 
Figure 2: UBMoD Machine Utilization View (left) is a pie chart showing utilization broken out by user group and 
CPU Consumption View (right) shows job size distribution (CPU days delivered versus number of processors). 
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Grants Database: While it is clearly important to monitor the utilization of center resources, in of itself, 
this is insufficient to provide an objective measure of success or determine the center’s return on 
investment.   Rather it is important to measure metrics that provide a more direct indication of the center’s 
impact on research and scholarship at the university, with the most obvious examples being publications, 
presentations and grant proposals submitted and awarded.  Taken together, these provide a useful measure 
of return on investment. 
 
In terms of tracking grant proposals submitted and awarded, Steve Gallo (CCR Lead Software Engineer) 
developed a relatively simple web-based application that allows CCR staff to update and maintain a 
database of grant proposals submitted by faculty utilizing CCR resources.   The application includes the 
ability to (1) input information on new grant proposals, (2) modify existing proposals in the database (for 
example, when a grant goes from pending to awarded), (3) search the database by criteria such as PI, 
submission date (or range of dates), (4) export the results of a search to an excel spreadsheet, and (5) 
create a report based on the search criteria.   Figure 3 shows a snapshot of the application’s Home Page, 
showing the available options, and the “Add New Grants” page, showing some of the input fields. 
 

 

 

 

 

 

 

 

 

Figure 3.  Snapshots of: (1) the Grant Database application home page (on left), showing the available options, 
and (2) the “Add New Grants” page (on right), showing some of the input fields.  Additional fields, such as salary 
recovery, direct funds to support the center, etc are not shown due to space limitations.  
 
The grants database, which is searchable, is useful to provide metrics regarding extramural funding 
(return on investment) as well as ensure that funded grants are properly invoiced for services provided.  
For example, using the search feature of the grants database application, it is possible to quickly generate 
a detailed list of all grants submitted in 2009 that will utilize CCR resources (in this case, 76 proposals 
totaling $98M).   This capability provides senior management with a direct and up-to-the-date indication 
of the return on their investment in HPC.   The web-based application also allows the budget for each 
grant to be uploaded and stored directly in the database, thereby simplifying the invoice process. 
 
The take away message from this white paper is that campus based HPC centers are a critical component 
of the research enterprise at the university and it is incumbent on the center to quantify this through 
metrics that are relatively easy to implement, thereby hopefully leading to continued administrative 
support. 
 


