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ABSTRACT
We present a framework that (a) integrates publication and
citation data retrieval, (b) allows scientific impact metrics
generation at different aggregation levels, and (c) provides
correlation analysis of impact metrics based on publication
and citation data with resource allocation for a computing
facility. Furthermore, we use this framework to conduct a
scientific impact metrics evaluation of XSEDE. We carry out
an extensive statistical analysis correlating XSEDE alloca-
tion size to the impact metrics aggregated by project and
field of science. This analysis not only helps to provide an
indication of XSEDE’s scientific impact, but also provides
insight regarding maximizing the return on investment in
terms of allocation by taking into account the field of sci-
ence or project based impact metrics. The findings from this
analysis can be utilized by the XSEDE resource allocation
committee to help assess and identify projects with higher
scientific impact. It can also help provide metrics regard-
ing the return on investment for XSEDE resources, or other
institutional or campus resources for which an analysis of
impact based on publications is important.

Categories and Subject Descriptors
H.4 [Information Systems Applications]: Miscellaneous;
D.2.8 [Software Engineering]: Metrics—complexity mea-
sures, performance measures

General Terms
Theory, Measurement
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1. INTRODUCTION
It is a well-known fact that many science and engineering

innovations and discoveries are increasingly dependent on
access to high performance computing resources. For many
researchers, this demand is met by large-scale compute re-
sources that cannot typically be supported by any single
research group. Accordingly, dedicated large-scale comput-
ing facilities play an important role in scientific research,
in which resources are shared among groups of researchers,
while the facilities themselves are managed by dedicated
staff. Indeed, the National Science Foundation and the De-
partment of Energy have supported such facilities for many
years. One such facility is the Extreme Science and Discov-
ery Environment (XSEDE) [10]. XSEDE allocates resources
to approved projects, which represent a substantial financial
investment by NSF. Thus, justification for their use is war-
ranted and questions regarding the scientific impact of these
resources naturally arise, including:

1. Is there a way to measure the impact that such facili-
ties provide to scientific research?

2. Is there a correlation between the size of a given allo-
cation and the scientific impact of an individual user,
a given project, or a field of science?

3. When evaluating a proposal request, what is the crite-
ria to judge whether the proposal has the potential to
lead to impactful research, and how does one obtain
metrics to substantiate this?

To answer these questions, first we need a process to quan-
tify the scientific outcome for the individual researchers.
Secondly, we need to define and generate metrics to measure
the scientific impact for individual researchers and higher
level aggregated entities. Finally, we correlate the impact
metrics to the consumed resources, to provide insight on
how the computing facility benefits and impacts the science
conducted utilizing its resources. In this paper, we present a



framework that addresses these questions. It is important to
point out that measuring scientific impact can be quite con-
troversial and that the presented results do not necessarily
represent an absolute measure of the impact of a scientific
project, but rather the results we present represent one of
many factors that together define the scientific impact.

Furthermore, while we have restricted our analysis of sci-
entific impact as it relates to XSEDE, the work presented
here has general applicability to not only HPC resources,
but to other resources including campus based HPC cen-
ters, beam lines, and other expensive equipment.

In particular, we focus our effort to identify impact based
on scientific publications as the base unit of the research pro-
ductivity and obtain data, as well as derive various metrics
based on publication data to measure the impact of indi-
vidual users, projects, Field of Science (FOS), and XSEDE
itself as a whole.

In the following sections we briefly review related work
(Section 2), then present our designed framework (Section
3) and implementation details (Section 4). Then, we dis-
cuss results and their impact (Section 5). Finally, we out-
line ongoing activities, indicate future plans (Section 6), and
provide a summary (Section 7).

2. RELATED WORK
Our choice of using publication as the basic unit to mea-

sure the scientific impact is supported by the fact that bib-
liometrics based criteria is one of the de-facto standards to
measure the impact of research. For example, publication
derived metrics are broadly used in faculty recruit/promotion,
and institutional rankings [19]. While usage based metrics
are proposed by some [12, 14, 13], citation based metrics
are a widely accepted measure. For instance, nanoHub uses
publication and citation derived metrics to measure the im-
pact of their project [7].

In addition to the intuitive measures like number of pub-
lications and number of citations, h-index [17] and g-index
[15] are two other popular metrics. The publication count
is often related to a measure of the productivity, while ci-
tation counts are often related to the quality, or impact of
the work published. As h-index and g-index calculate the
metric by combining this data, they measure both the pro-
ductivity and the quality, thus providing a general measure
for impact.

There are existing tools to measure the metrics for individ-
ual users, e.g. Scholarometer [18] and Publish or Perish [8].
These could be potentially leveraged to analyze a relatively
small group of users, e.g., the work [11] showing TeraGrid’s
impact based on limited data from one resource allocation
meeting consisting of only 112 selected PIs. However, nei-
ther of the tools provides a scalable solution to the large
community we are concerned with here, namely the over
20,000 users who have utilized TeraGrid/XSEDE resources.
While more formal publication based metrics, either based
on citation or usage, are still the most widely employed cri-
teria,

Other non publication based metrics have been proposed
by altmetrics [1] while also considering measures for datasets
and code; as well as mentioning of a snippet of work via
social networking. We acknowledge these efforts willl be
useful as they correlate other usage, however at this time we
still lack standards and a well-established way to objectively
derive scientific impact from the multitude of data sources.

Furthermore, often we do not have reliable data available.

3. SYSTEM DESIGN
We have designed a software framework to support mea-

suring scientific impact via a publication and citation based
approach. The framework is based on distributed set of ser-
vices. The service-oriented system consists of components
for (a) publication and citation data retrieval (e.g., from
NSF award database, Google Scholar, and ISI Web of Sci-
ence), (b) parsing and processing while correlating data from
various databases and services, such as the XSEDE cen-
tral database (XDcDB), which stores all usage data for jobs
run on XSEDE resources, and (c) the Partnerships Online
Proposal System (POPS) database, which stores publication
and grant funding information for PI’s applying for XSEDE
allocations. The system also includes components for met-
rics generation and an analysis system for different aggrega-
tion levels (users, projects, organization, Field of Science),
as well as a presentation layer using a lightweight portal in
addition to exposing some data via RESTful API.

Fig 1 shows the layered system architecture, with an em-
phasis on the relationships between related components es-
pecially those integrating with databases. On the core App
layer we have the database mining and publication mashup
components. The database mining component generates
XSEDE user specific publication data as well as, user, project,
and Field of Science (FOS) views. The publication mashup
component aggregates the publication data mined from the
previous component, in addition to those from XDcDB, and
from other available external services. It also retrieves cita-
tion data for each publication from external services. An-
other essential task of this component is to generate metrics
for users, projects, and FOS in which the POPS database
is involved to get proposal and project data. This data will
be stored into the mashup database which can then be in-
tegrated into the XDMoD [16] system at our partner site
at University of Buffalo. We also expose some data and
analysis results via RESTful API and a portal as denoted
on the Service/GUI layer. The Data layer illustrates
the databases involved. The External Resource/Services
layer lists the third party resource and services that we are
currently using or have experimented or plan to investigate.

To conduct the analysis the general workflow includes ob-
taining the publication data for each XSEDE user, and then
retrieving the citation data for each publication. Hence, the
data is originally collected per user and per publication ba-
sis. As part of processing the data we are aggregating it
based on organization, XSEDE project/account, and FOS.
By correlating the data (for example the Service Units (SU)
awarded by XSEDE) our intention is to identify if the anal-
ysis may reveal patterns and trends of how XSEDE can im-
pact the sciences and possibly helps to achieve a better mea-
sure of return on investment (ROI) for NSF. While we are
using the system to analyze the scientific impact of XSEDE,
the framework itself is flexible enough so that it could be
easily adapted to other similar systems for impact measure
and analyses.

4. IMPLEMENTATION
We have implemented the system following best practices

and leveraging popular tools and frameworks. The core sys-
tem is developed in Python and various libraries are utilized
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Fi g u r e 2: Di s t ri b u ti o n of t h e P u bli c a ti o n D a t a

Gi v e n t h e si z e of t h e X S E D E u s e r d a t a b a s e, w hi c h a s
of J a n 2 0 1 4 w a s o v e r 2 0, 0 0 0 u s e r s, w e n e e d e d t o e m pl o y
a n a u t o m a t e d a p p r o a c h t o o b t ai n p u bli c a ti o n d a t a o n b e-
h alf of e a c h u s e r. P u bli c a ti o n ci t a ti o n d a t a a r e a v ail a bl e
vi a s u b s c ri b e d r e s o u r c e s s u c h a s I SI We b of S ci e n c e [ 4] o r
o p e n a c c e s s s u c h a s G o o gl e S c h ol a r [ 2], Mi c r o s of t A c a d e mi c
S e a r c h [ 6], a n d M e n d el e y [ 5], h o w e v e r t h e y u nf o r t u n a t el y
u s u all y d o n o t p r o vi d e u nli mi t e d a c c e s s, m a ki n g a u t o m a t e d
p u bli c a ti o n r e t ri e v al i m p r a c ti c al f o r s o m e s e r vi c e s. A n o t h e r

a p p r o a c h i s t o o b t ai n t h e p u bli c a ti o n d a t a di r e c tl y f r o m t h e
u s e r s. T hi s i s d e si r a bl e si n c e u s e r c u r a t e d d a t a t e n d s t o b e
m o r e a c c u r a t e i n c o m p a ri s o n t o a u t o m a t e d p u bli c a ti o n mi n-
i n g. A d di ti o n all y, i t c a n p r o vi d e e x t r a i nf o r m a ti o n r e g a r di n g
a p u bli c a ti o n’ s a s s o ci a ti o n wi t h t h e s y s t e m, e. g., t o w hi c h
p r oj e c t a gi v e n p u bli c a ti o n i s a s s o ci a t e d wi t h. X S E D E p r o-
vi d e s s u c h f u n c ti o n ali t y vi a t h e u s e r p o r t al. H o w e v e r, t hi s
f r a m e w o r k w a s j u s t r e c e ntl y i nt r o d u c e d. T h u s, t h e c oll e c t e d
d a t a i s s m all a n d i n s u ffi ci e nt f o r o u r i n- d e p t h a n al y s e s. T h e
v e t ti n g a n d g a t h e ri n g of d a t a b y u s e r s t h r o u g h We b f o r m s
i s al s o c o n d u c t e d b y o t h e r p r oj e c t s, s u c h a s t h e n a n o H u b ci-
t a ti o n a n al y si s [ 7]. O u r f r a m e w o r k s u p p o r t s pl u g g a bl e d a t a
s o u r c e s t h a t all o w f o r t h e mi ni n g of d a t a b a s e s a n d / o r a c-
c e s si n g 3 r d p a r t y s e r vi c e A PI s f o r p u bli c a ti o n d a t a. I n t hi s
s t u d y, w e f o c u s o nl y o n t w o of t h e d a t a s o u r c e s - t h e u s e r
s u b mi t t e d p u bli c a ti o n d a t a vi a t h e X S E D E p o r t al, a n d t h e
e x t e n si v e N S F a w a r d d a t a b a s e f o r a u t o m a t e d mi ni n g. T h e
f o r m e r s o u r c e h a s u s e r c u r a t e d d a t a wi t h p r oj e c t a ffili a ti o n
i nf o r m a ti o n, a n d t h u s i n p ri n ci pl e i t gi v e s a m e a s u r e of di r e ct
i m p a c t of X S E D E. H o w e v e r, i t h a s li mi t e d d a t a e nt ri e s a s
of d a t e. O n t h e o t h e r h a n d, t h e N S F a w a r d d a t a b a s e c o n-
t ai n s a n e x t e n si v e c o m pil a ti o n of p u bli c a ti o n s t h a t c a n b e
a u t o m a ti c all y mi n e d t o p ull o u t all p u bli c a ti o n s f o r a gi v e n
X S E D E u s e r. W hil e w e c a n n o t di r e c tl y c o r r el a t e t h e p u b-
li c a ti o n s o b t ai n e d i n t hi s w a y wi t h X S E D E r e s o u r c e s ( si n c e
t h e N S F d a t a b a s e c o nt ai n s all N S F r el a t e d p u bli c a ti o n s f o r
a gi v e n u s e r r e g a r dl e s s of w h e t h e r t h e p u bli c a ti o n w a s a s-
s o ci a t e d wi t h X S E D E u s e ), i t d o e s n o n e t h el e s s p r o vi d e a
m e a s u r e o n a g e n e r al o r i n di r e ct i m p a c t of X S E D E. A s a
gi v e n X S E D E u s e r i s a ffili a t e d wi t h a c c o u nt s / p r oj e c t s, a n d
t h e p r oj e c t s a r e p a r t of o n e o r m o r e F O S, w e c a n t h u s t a g
a p u bli c a ti o n a s b ei n g r el a t e d t o t h e p r oj e c t s a n d a F O S
b a s e d o n t h e s e i n di r e c t c o r r el a ti o n s. Al t h o u g h n o t i d e al, i t
p r o vi d e s a n al y ti c c a p a bili ti e s t o a n al y z e a n i n di r e ct i m p a c t.
B a s e d o n t hi s t e c h ni q u e, w e h a v e b e e n a bl e t o o b t ai n o v e r
1 4 2, 0 0 0 p u bli c a ti o n e nt ri e s f o r o v e r 2 0, 0 0 0 X S E D E u s e r s a s
of J a n 2 0 1 4. T hi s b y i t s elf i s a s u b s t a nti al a c c o m pli s h m e nt
a s w e k n o w of n o o t h e r d a t a b a s e t h a t h a s t hi s l e v el of d e-
t ail t h a t c a n b e c o r r el a t e d t o r e s e a r c h e r s p a r ti ci p a ti n g i n
X S E D E. T o p r o vi d e a q ui c k o v e r vi e w of t h e d a t a a n al y z e d
w e r ef e r t o Fi g u r e 2 s h o wi n g t h e y e a rl y di s t ri b u ti o n of t h e
p u bli c a ti o n s ( hi s t o g r a m i n ( a ) ), a n d t h e di s t ri b u ti o n of n u m-
b e r of t h e p u bli c a ti o n s b y p r oj e c t (l ef t b o x pl o t i n ( b ) ) a n d
b y p e r u s e r f o r e a c h p r oj e c t ( ri g ht b o x pl o t i n ( b ) ).

4. 2 Cit ati o n D at a R et ri e v al
W hil e t h e p u bli c a ti o n d a t a f r o m t h e u s e r c u r a t e d d a t a

mi g ht b e m o r e i d e al, w e n e e d t o c o n d u c t a n a u t o m a t e d
s e a r c h t o i d e ntif y t h e s u b s e q u e nt ci t a ti o n s of t h e p u bli c a ti o n
r e c o v e r e d f r o m t h e N S F a w a r d d a t a b a s e t o h el p p r o vi d e a n
i n di c a ti o n of t h e q u ali t y of t h e r e s e a r c h.

D u e t o t h e si z e of t hi s p u bli c a ti o n d a t a ( o v e r 1 4 2, 0 0 0 p u b-
li c a ti o n s ), t h e o nl y r e ali s ti c w a y t o a c c o m pli s h t hi s i s wi t h
a n a u t o m a t e d p r o c e s s. We h a v e u s e d G o o gl e S c h ol a r a n d I SI
We b of S ci e n c e a s s o u r c e s f o r t h e ci t a ti o n d a t a. I n o r d e r t o
c o m p a r e t h e t w o m e t h o d s of o b t ai ni n g ci t a ti o n s, w e e x pl o r e d
G o o gl e S c h ol a r a n d I SI d a t a f o r a s u b s e t of t h e p u bli c a ti o n
d a t a, a n d di d a c o m p a ri s o n of t h e r e s ul t s. W hil e a si mil a r
c o m p a ri s o n h a s b e e n a t t e m p t e d [ 2 0], i t w a s r e s t ri c t e d t o a
v e r y s m all s a m pl e si z e - 2 p e o pl e a n d a b o u t 1 0 0 p u bli c a ti o n s.
I n c o m p a ri s o n, o u r s t u d y i n cl u d e d 3 3, 8 6 1 p u bli c a ti o n s a n d
1, 4 6 2 u s e r s; m o r e o v e r a n a u t h o r h a s b e e n i d e nti fi e d t o h a v e
a n X S E D E a c c o u nt.
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H −i n d e x b a s e d o n G S v s I SI

( b ) H-i n d e x c o m p a ri s o n f o r
a s u b s e t of X S E D E PI s

Fi g u r e 3: C o m p a ri s o n of m e t ri c s d e ri v e d f r o m G S v s I S I

T h e r e s ul t of t hi s a c ti vi t y i s d e pi c t e d i n Fi g u r e 3. P a r t
( a ) s h o w s t h e c o r r el a ti o n of t h e ci t a ti o n d a t a f r o m G o o gl e
S c h ol a r ( G S ) wi t h t h e I SI We b of S ci e n c e (I SI ). A n d p a r t
( b ) s h o w s t h e h-i n d e x d e ri v e d f r o m G o o gl e S c h ol a r ci t a ti o n
d a t a c o r r el a ti n g t o t h a t c al c ul a t e d f r o m I SI ci t a ti o n d a t a.
I n ei t h e r c a s e a hi g h p o si ti v e c o r r el a ti o n i s o b s e r v e d. T h e
P e a r s o n c o r r el a ti o n c o e ffi ci e nt s ( r ) a r e 0. 8 4 a n d 0. 9 7 r e s p e c-
ti v el y. T h e v e r y s t r o n g c o r r el a ti o n of t h e h-i n d e x v al u e s a r e
m o s tl y d u e t o t h e f a c t t h a t o n e of t h e t w o f a c t o r s d e t e r mi n-
i n g t h e h-i n d e x, t h e n u m b e r of p u bli c a ti o n s, s t a y t h e s a m e
f o r a p a r ti c ul a r u s e r.

B a s e d o n t hi s s t u d y, w hil e b ei n g a w a r e of t h e li mi t a ti o n s,
w e w e r e a bl e t o u s e t h e I SI ci t a ti o n d a t a t o g e t v e r y si mil a r
m e a s u r e s f o r m o s t of t h e d a t a e s p e ci all y f o r t h e h-i n d e x m e t-
ri c. T hi s i s e s p e ci all y u s ef ul if w e c o n si d e r t h a t w e d o h a v e
i s s u e s t o r e t ri e v e a c o m pl e t e ci t a ti o n d a t a s e t f r o m G o o gl e
s c h ol a r f o r e a c h of o u r r el e v a nt u s e r s a n d p u bli c a ti o n s b a s e d
o n r e s t ri c t e d a c c e s s ri g ht s. T h u s, t h e f oll o wi n g a n al y s e s a r e
o nl y u si n g ci t a ti o n s f r o m I SI.

5. R E S U L T S A N D A N A L Y S E S
T h e p r e vi o u s s e c ti o n d e s c ri b e d t h e m e t h o d u s e d t o e x t r a c t

p u bli c a ti o n a n d ci t a ti o n d a t a f o r X S E D E u s e r s. Wi t h t hi s
d a t a n o w i n h a n d, w e di s c u s s t h e m e t ri c s d e ri v e d f r o m i t
wi t h t h e g o al of p r o vi di n g a m e a s u r e of s ci e nti fi c i m p a c t.
We al s o c o n d u c t a n al y s e s t o d e t e r mi n e if a c o r r el a ti o n e xi s t s
b e t w e e n t h e d a t a a n d v a ri o u s c a t e g o ri e s s u c h a s t h e fi el d of
s ci e n c e .

5. 1 Di r e ct i m p a ct of X S E D E
B y u si n g t h e u s e r v e t t e d s u b mi t t e d p u bli c a ti o n s o nl y, w e

w e r e a bl e t o s h o w t h e di r e ct s ci e nti fi c i m p a c t of X S E D E. A s
of J a n 2 7, 2 0 1 4, t h e r e a r e c u r r e ntl y 8 3 7 p u bli c a ti o n s r e gi s-
t e r e d, i n v ol vi n g 8 8 2 X S E D E u s e r s a s a u t h o r s, 2 2 0 o r g a ni z a-
ti o n s, 3 3 1 X S E D E p r oj e c t s, a n d a t o t al of 1 1, 2 5 8 ci t a ti o n s
t o d a t e. Pl e a s e n o t e t h a t t h e s e v al u e s a r e b a s e d o n c o nti n-
u o u sl y g r o wi n g p u bli c a ti o n d a t a. S o f a r, n o t all u s e r s h a v e
c o nt ri b u t e d t h ei r p u bli c a ti o n s t o X S E D E p r oj e c t s, o r t h e y
h a v e n o t u pl o a d e d t h e m t o t h e p o r t al y e t. We a r e w o r ki n g
wi t h t h e X S E D E p o r t al t e a m t o p r o vi d e a p u bli c a ti o n di s-
c o v e r y s e r vi c e i n w hi c h a u s e r w o ul d b e p r e s e nt e d a li s t of
p u bli c a ti o n s t o c u r a t e. T hi s i s e x p e c t e d t o e a s e t h e p u bli-
c a ti o n a c q ui si ti o n p r o c e s s s o m o r e u s e r c u r a t e d p u bli c a ti o n
d a t a will b e a v ail a bl e f o r o u r f u t u r e a n al y s e s.

B a s e d o n t h e c u r r e ntl y a v ail a bl e d a t a, w e c al c ul a t e d a
s e ri e s of m e t ri c s a g g r e g a t e d b y u s e r, o r g a ni z a ti o n, p r oj e c t,

a n d F O S. F o r e a c h e nti t y, w e i n cl u d e t h e n u m b e r of p u bli c a-
ti o n s ( a s h e a d e r # of P u b s ), n u m b e r of ci t a ti o n s ( a s h e a d e r
Cit e d b y ), h-i n d e x a n d g-i n d e x. We al s o i n cl u d e t h e m f a c-
t o r of h-i n d e x w hi c h i n di c a t e s t h e sl o p e of t h e h-i n d e x o v e r
t h e y e a r s s p a n n e d b y t h e p u bli c a ti o n s. T hi s c a n b e u s e d t o
c o m p a r e t h e e ffi ci e n c y b e t w e e n p e e r s if t h e y h a v e t h e s a m e
h-i n d e x. A n o t h e r m e t ri c w e c o m p u t e i s i 1 0-i n d e x [ 3] w hi c h
w a s fi r s t i nt r o d u c e d i n G o o gl e S c h ol a r t o m e a s u r e t h e p u bli-
c a ti o n c o u nt of p u bli c a ti o n s r e c ei vi n g o v e r 1 0 ci t a ti o n s e a c h.
F o r all t h e m e t ri c s e x cl u di n g t h e m f a c t o r f o r h-i n d e x, w e
al s o c o m p u t e a r e c e nt v e r si o n w hi c h w a s c o m p u t e d u si n g
o nl y t h e p u bli c a ti o n s p u bli s h e d f r o m t h e l a s t 5 y e a r s. T h e
ti m e li mi t e d c o m p a ri s o n h el p s t o c o m p a r e t h e p e e r s b a s e d o n
r e c e nt w o r k b y eli mi n a ti n g e ff e c t s f r o m ol d e r p u bli c a ti o n s.

5. 2 P r oj e ct m et ri cs vs S Us all o c ati o n
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Fi g u r e 4: I m p a c t M e t ri c s ( n u m b e r of p u bli c a ti o n s, n u m b e r of ci t a-
ti o n s, h-i n d e x, g-i n d e x ) v s S U s f o r all p r o j e c t s

C orr el ati o n	
   wit h	
   S Us	
   all o c at e d r	
  ( P e ars o n's) df p-­‐ v al u e

#	
   p u bs 0. 2 4 2 <	
   2. 2 e-­‐ 1 6

#	
   cit es 0. 2 4 3 <	
   2. 2 e-­‐ 1 6

h-­‐i n d e x 0. 2 2 8 <	
   2. 2 e-­‐ 1 6

g-­‐i n d e x 0. 2 2 0 <	
   2. 2 e-­‐ 1 6

#	
   p u bs 0. 3 8 1 <	
   2. 2 e-­‐ 1 6

#	
   cit es 0. 3 7 7 <	
   2. 2 e-­‐ 1 6

h-­‐i n d e x 0. 3 1 9 <	
   2. 2 e-­‐ 1 6

g-­‐i n d e x 0. 3 0 5 <	
   2. 2 e-­‐ 1 6

#	
   p u bs 0. 3 3 5 0. 0 0 1

#	
   cit es 0. 3 1 5 0. 0 0 3

h-­‐i n d e x 0. 3 4 4 0. 0 0 1

g-­‐i n d e x 0. 3 2 5 0. 0 0 2

#	
   p u bs 0. 0 2 5 0. 1 1 8

#	
   cit es 0. 0 2 7 0. 0 9 1

h-­‐i n d e x 0. 0 3 1 0. 0 4 8

g-­‐i n d e x 0. 0 3 5 0. 0 2 9

All	
   Pr oj e cts

R es e ar c h	
  

Pr oj e cts

C a m p us	
  

C h a m pi o n	
  

Pr oj e cts

St art u p	
  

Pr oj e cts

6 2 7 8

1 6 7 7

8 6

3 9 4 4

T a bl e 1: C o r r el a ti o n b e t w e e n S U s all o c a t e d v s t h e i m p a c t m e t ri c s f o r
e a c h p r o j e c t

Fi g u r e 4 s h o w s t h e c o r r el a ti o n a n al y si s of i m p a c t m e t-
ri c s ( n u m b e r of p u bli c a ti o n s, n u m b e r of ci t a ti o n s, h-i n d e x,
a n d g-i n d e x ) v e r s u s X S E D E r e s o u r c e all o c a ti o n ( n u m b e r
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Fi g u r e 5: I m p a c t M e t ri c s ( n u m b e r of p u bli c a ti o n s, n u m b e r of ci t a-
ti o n s, h-i n d e x, g-i n d e x ) v s S U s f o r r e s e a r c h p r o j e c t s

of S U’ s ) f o r a n i n di vi d u al p r oj e c t ( r e s e a r c h, s t a r t- u p, c a m-
p u s c h a m pi o n, e t c ). P r e vi o u s w o r k s h o w e d a s t r o n g e r c o r-
r el a ti o n b e t w e e n t h e ci t a ti o n a n d S U s [ 1 1] u si n g a m u c h
s m all e r s a m pl e si z e t a k e n f r o m a s p e ci fi c X S E D E r e s o u r c e
all o c a ti o n m e e ti n g. H o w e v e r, w e o b s e r v e d a w e a k e r c o r r e-
l a ti o n, if a n y. W h e n c a t e g o ri zi n g t h e p r oj e c t s b a s e d o n t h e
t y p e s ( r e s e a r c h, s t a r t u p, c a m p u s c h a m pi o n, e t c. ), i t s h o w s
a sli g htl y s t r o n g e r c o r r el a ti o n, al t h o u g h s till n o t a s s t r o n g
i n c o r r el a ti o n t o e a c h c a t e g o r y o t h e r t h a n f o r t h e s t a r t u p
p r oj e c t s / all o c a ti o n s.  Fi g u r e 5 s h o w s t h e a n al y si s f o r r e-
s e a r c h p r oj e c t s o nl y. T a bl e 1 li s t s t h e c o r r el a ti o n c o e ffi ci e nt
v al u e s a s w ell a s t h e p- v al u e s s h o wi n g t h e si g ni fi c a n c e of t h e
t e s t. Pl e a s e n o t e i n Fi g u r e 4 a n d 5 w e i n cl u d e d a r e g r e s si o n
li n e s h o wi n g t h e u p p e r t r e n d s of t h e c o r r el a ti o n, i. e., hi g h e r
S U s all o c a ti o n c o r r el a ti n g t o hi g h e r i m p a c t m e t ri c s, b u t n o t
s u g g e s ti n g a li n e a r r el a ti o n s hi p. T hi s c o r r el a ti o n a n al y si s
d o e s n o t s h o w c a u s ali t y e s p e ci all y si n c e t h e f u n di n g a n d i m-
p a c t a r e e x p e c t e d t o b e r el a t e d i n a f e e d b a c k l o o p.

5. 3 M et ri cs vs S Us all o c ati o n o n F O S l e v el
W hil e f o r i n di vi d u al p r oj e c t s w e d o n o t o b s e r v e s t r o n g

c o r r el a ti o n s b e t w e e n i m p a c t m e t ri c s a n d t h e r e s o u r c e all o-
c a ti o n s, Fi g u r e 6 s h o w s s t r o n g e r p o si ti v e c o r r el a ti o n o n t h e
F O S l e v el ( 1 3 2 F O S i n v ol v e d ). T h e P e a r s o n c o r r el a ti o n c o-
e ffi ci e nt s ( r ) a r e 0. 7 0 4, 0. 7 1 2, 0. 6 5 1, 0. 6 4 8 r e s p e c ti v el y f o r
t h e f o u r i m p a c t m e t ri c s - n u m b e r of p u bli c a ti o n s, n u m b e r
of ci t a ti o n s, h-i n d e x a n d g-i n d e x. T hi s r e s ul t i s s t a ti s ti c all y
si g ni fi c a nt a n d s h o w a v e r y s t r o n g r el a ti o n s hi p b e t w e e n t h e s e
v a ri a bl e s.

T h e s t r o n g e r c o r r el a ti o n s a r e m o s t li k el y c a u s e d b y t h e
e ff e c t of t h e di ff e r e nt si z e s of t h e F O S’ s. H o w e v e r, t hi s d o e s
n o t di mi ni s h t h e c o n cl u si o n of t h e a n al y si s t h a t s h o w s h o w
X S E D E i m p a c t s s ci e n c e f r o m di ff e r e nt di s ci pli n e s, e. g., b y
a p p r o vi n g m o r e p r oj e c t s a n d g r a nti n g m o r e all o c a ti o n s f o r
c e r t ai n F O S’ s.

Fi g u r e 7 s h o w s t h e S U s all o c a t e d ( t r a n sf o r m e d i n l o g a ri t h-
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Fi g u r e 7: S U s v s h-i n d e x f o r e a c h F O S wi t h t r e n d ( a b o v e ) a n d r e si d u al
a n al y si s ( b o t t o m )

mi c s c al e ) v s t h e h-i n d e x p r o d u c e d f o r e a c h F O S, w hil e t h e
ci r cl e si z e i s p r o p o r ti o n al t o t h e si z e ( n u m b e r of p r oj e c t s ) of
t h e F O S. I t al s o s h o w s t h a t af t e r r e m o vi n g t h e fi t t e d t r e n d,
w e c a n s e e a di v e r g e n c e of t h e S U s r e c ei v e d, f r o m t h e e x-
p e c t e d S U s t r e n d t o p r o d u c e t h e gi v e n i m p a c t j u d gi n g b y
h-i n d e x. T hi s c o ul d i m pl y t h a t c e r t ai n F O S’ s a r e m o r e e ffi-
ci e ntl y ( r e q ui ri n g l e s s t h a n e x p e c t e d r e s o u r c e s ) p r o d u ci n g a
gi v e n i m p a c t w hil e s o m e o t h e r s r e q ui r e m o r e t h a n e x p e c t e d
S U s t o p r o d u c e t h e s a m e i m p a c t. A n i nt e r a c ti v e v e r si o n of
t hi s pl o t i s a v ail a bl e vi a t h e p o r t al i nt e rf a c e [ 9].
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Fi g u r e 8: I m p a c t M e t ri c s ( n u m b e r of p u bli c a ti o n s, n u m b e r of ci t a-
ti o n s, h-i n d e x, g-i n d e x ) v s S U s f o r F O S ( a v g b y p r o j e c t )

C orr el ati o n	
   wit h	
  	
   a v er a g e	
  

S Us-­‐ all o c at e d
r	
  ( P e ars o n's) df p	
   v al u e

#-­‐ p u bs 0. 2 2 1 0. 0 1 0

#	
   cit es 0. 2 2 2 0. 0 1 0

h	
  i n d e x -­‐ 0. 0 4 3 0. 6 2 0

g-­‐i n d e x 	
   0. 0 3 5 0. 6 8 8

A v er a g e-­‐ p er-­‐

pr oj e ct	
  f or-­‐

e a c h	
   F O S

1 3 2

T a bl e 2:  C o r r el a ti o n b e t w e e n a v e r a g e S U s all o c a t e d v s t h e a v e r a g e
i m p a c t m e t ri c s ( b y p r o j e c t s ) f o r e a c h F O S

A s w e s e e, t h e si z e of F O S si g ni fi c a ntl y e ff e c t s t h e i m-
p a c t a s w ell a s t h e all o c a ti o n s (f o r h-i n d e x a s i n Fi g u r e ? ? ).
We c a n eli mi n a t e t hi s e ff e c t b y c o m p a ri n g t h e a v e r a g e v al-
u e s wi t hi n e a c h F O S b y di vi di n g t h e n u m b e r of p r oj e c t s, a s
s h o w n i n Fi g u r e 8, w hil e T a bl e 2 h a s t h e v al u e s. I t s h o w s t h e
w e a k c o r r el a ti o n of p e r p r oj e c t b a s e d m e t ri c s v s S U s f o r t h e
n u m b e r of p u bli c a ti o n s a n d ci t a ti o n s, w hi c h i s a c t u all y n o t
si g ni fi c a ntl y di ff e r e nt t h a n t h e r e s ul t p r e s e nt e d i n T a bl e 1.
We di d n o t o b s e r v e a n y c o r r el a ti o n b e t w e e n all o c a ti o n a n d
h-i n d e x o r g-i n d e x. T hi s i s p r o b a bl y c a u s e d b y t h e f a c t t h a t
t h e s e t w o m e t ri c s d o n o t w o r k w ell w h e n b ei n g a v e r a g e d a s
t h e y a r e n o t c u m ul a ti v e o r a d di ti v e v al u e s.

H o w e v e r, a s s h o w n i n Fi g u r e 9, wi t hi n e a c h F O S, t h e
p r oj e c t l e v el m e t ri c s v s S U s c o r r el a ti o n s a r e t y pi c all y hi g h e r
e s p e ci all y f o r l a r g e si z e F O S’ s. Wi t h i n c r e a si n g si z e of t h e
F O S ( n = 1 0, n = 5 0, a n d n = 1 0 0 a r e d e n o t e d a s v e r ti c al li n e s ),
t h e c o r r el a ti o n a p p e a r s p o si ti v el y hi g h e r a n d m o r e si g ni fi-
c a nt. Fi g u r e 1 0 s h o w s t h e di s t ri b u ti o n of c o r r el a ti o n c o ef-
fi ci e nt s ( r ) b e t w e e n n u m b e r of p u bli c a ti o n s a n d all o c a ti o n s
f o r e a c h p r oj e c t wi t hi n t h e s a m e F O S, w hil e g r o u p e d b y si z e
of F O S ( n u m b e r of p r oj e c t s ). N o t e t h e g e n e r al t r e n d t h a t
t h e e x t r e m e s a n d r a n g e s a r e n a r r o wi n g, a n d t h e m e di a n s a r e
i n c r e a si n g ( a b o v e 0. 4 f o r g r o u p s of F O S wi t h m o r e t h a n 5 0
p r oj e c t s ), al o n g wi t h t h e i n c r e a s e of t h e F O S si z e. T hi s s u g-
g e s t s t h a t f o r t h e m aj o ri t y of t h e F O S, i m p a c t m e t ri c s f o r a
p r oj e c t d o h a v e a p o si ti v e c o r r el a ti o n wi t h S U s all o c a t e d t o
t h e p r oj e c t. B y i n v e s ti g a ti n g t h e i n di vi d u al d a t a p oi nt s, w e
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Fi g u r e 9:  C o r r el a ti o n c o e ffi ci e n t ( r ) of i m p a c t m e t ri c s v s S U s o n
p r o j e c t l e v el f o r e a c h F O S

n pr oj s < 1 0

r

−
1 

−
0.
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−
0.
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0.
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0.
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0.
8 

1

1 0 < = n pr oj s < 5 0
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Fi g u r e 1 0: Di s t ri b u ti o n of r g r o u p e d b y si z e of F O S

w o ul d b e a bl e t o fi n d i n w hi c h F O S t hi s c o r r el a ti o n a p p e a r s
m u c h s t r o n g e r, a n d i n w hi c h t h e y a r e w e a k. T hi s c o ul d b e
p o t e nti all y u s e d d u ri n g r e s o u r c e all o c a ti o n t o h el p d e t e r-
mi n e w hi c h p r oj e c t s s h o ul d b e p r ef e r r e d w h e n r e s o u r c e s a r e
li mi t e d b u t d e m a n d s a r e hi g h.

5. 4 S ci e nti fi c I m p a ct P r o d u c e d p e r S U All o-
c ati o n U nit

T h e p u bli c a ti o n s d a t a b a s e a c q ui r e d f r o m t h e N S F a w a r d s
d a t a b a s e i n cl u d e s all p u bli c a ti o n s f r o m X S E D E u s e r s r a t h e r
t h a n j u s t t h o s e r el e v a nt t o X S E D E. A s s u c h, t h e s e p u b-
li c a ti o n s p r e s e nt o nl y a n i n di r e c t m e a s u r e of t h e s ci e nti fi c
i m p a c t of X S E D E, dil u t e d b y t h e p r e s e n c e of m a n y p u bli c a-
ti o n s t h a t a r e n o t r el a t e d t o t h e X S E D E r e s o u r c e s. A m o r e
i d e al, a n d di r e c t m e a s u r e m e nt of X S E D E’ s s ci e nti fi c i m p a c t
i s o b t ai n e d f r o m t h e u s e r c u r a t e d p u bli c a ti o n d a t a b a s e. We
h a v e s h o w n i n t h e p r e vi o u s s e c ti o n t h a t t h e s e s ci e nti fi c i m-
p a c t m e t ri c s c a n b e u s e d t o m e a s u r e t h e s ci e nti fi c i m p a c t
of X S E D E i n g e n e r al, a s w ell a s c o m p a ri n g i n di vi d u al u s e r s,
p r oj e c t s, a n d F O S wi t h t h ei r p e e r s. A s t h e s e m e t ri c s a r e
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Fi g u r e 1 1:  F o u r di ff e r e n t m e a s u r e s of s ci e n ti fi c i m p a c t p e r S U al-
l o c a t e d.  N o t e t h a t t h e Y- a xi s gi v e s s ci e n ti fi c i m p a c t s c al e d b y S U
all o c a ti o n. T h e r ef o r e, t h e s e pl o t s i n di c a t e t h a t a s t h e all o c a ti o n si z e
g r o w s t h e r e i s a di mi ni s hi n g s ci e n ti fi c i m p a c t p e r S U all o c a t e d

o b t ai n e d f r o m t h e p u bli c a ti o n s t h a t a r e t a g g e d a s r e s ul t s
f r o m a n X S E D E p r oj e c t, w e al s o c a n d o a n a n al y si s of t h e
s ci e nti fi c i m p a c t p r o d u c e d p e r S U all o c a ti o n u ni t.

We h a v e c al c ul a t e d t h e s ci e nti fi c i m p a c t f o r t h o s e i n v ol v e d
p r oj e c t s ( 3 0 2 o u t of m o r e t h a n 6, 0 0 0 i n t o t al ) b a s e d o n t h e
di r e c t m e t ri c s o b t ai n e d e a rli e r a n d S U s all o c a t e d t o t h e m (i n
milli o n S U s ). Fi g u r e 1 1 s h o w s a s e ri e s of f o u r l o g-l o g pl o t s i n
w hi c h f o u r di ff e r e nt s ci e nti fi c i m p a c t m e t ri c s f o r e a c h p r oj e c t
a r e s c al e d b y t h e S U all o c a ti o n t h e n pl o t t e d a g ai n s t t h e t o-
t al all o c a ti o n. P r e vi o u sl y w e h a v e d e m o n s t r a t e d t h e p o si ti v e
c o r r el a ti o n of s ci e nti fi c i m p a c t m e t ri c s a n d t h e r e s o u r c e all o-
c a ti o n of p r oj e c t s wi t hi n e a c h F O S. Fi g u r e 1 1 s u g g e s t s t h a t
b a s e d o n t h e s e m e t ri c s of s ci e nti fi c i m p a c t, t h a t i s n u m b e r
of p a p e r s, ci t a ti o n s, h-i n d e x, a n d g-i n d e x s c al e d b y S U’ s,
s p o n s o ri n g a l a r g e r n u m b e r of s m all e r s c al e p r oj e c t s c o ul d
a c t u all y p r o d u c e a hi g h e r s ci e nti fi c i m p a c t t h a n a s m all e r
n u m b e r of v e r y l a r g e p r oj e c t s. I n o t h e r w o r d s, w e c a n n o t
e x p e c t a p r oj e c t t h a t r e c ei v e d d o u bl e t h e a m o u nt of S U s
of w h a t a n o t h e r p r oj e c t di d t o p r o d u c e d o u bl e t h e i m p a c t,
a s m e a s u r e d b y n u m b e r of p u bli c a ti o n s, ci t a ti o n c o u nt s, h-
i n d e x, a n d g-i n d e x.

U nf o r t u n a t el y, t o d a t e, t h e n u m b e r of u s e r c u r a t e d p u bli-
c a ti o n s i s s till t o o s m all. Wi t h m o r e s u c h d a t a a v ail a bl e o v e r
ti m e, w e a nti ci p a t e t o r e p e a t o u r a n al y si s i n o r d e r t o d e ri v e
t h e s ci e nti fi c i m p a c t of X S E D E a n d d e m o n s t r a t e t h e r el a-
ti o n s hi p b e t w e e n X S E D E f u n d e d all o c a ti o n s a n d a v a ri e t y
of s ci e nti fi c i m p a c t m e t ri c s.

6. O N G OI N G A N D F U T U R E W O R K
T hi s p a p e r d o e s n o t a d d r e s s t h e r e s e a r c h e r s n a m e a m-

bi g ui t y i s s u e, w hi c h d e s e r v e s d e di c a t e d r e s e a r c h. T h e r o o t
c a u s e of t hi s i s s u e i s t h a t t h e m e t a d a t a of t h e p u bli c a ti o n s
si m pl y d o e s n o t i n cl u d e e n o u g h i nf o r m a ti o n t o di s ti n g ui s h
si mil a r n a m e s t h a t c a n b e u ni q u el y a s s o ci a t e d t o X S E D E

u s e r n a m e s.  T hi s i s n o t a p r o bl e m s p e ci fi c t o o u r s t u d y
b u t f o r t h e a u t o m a t e d bi bli o m e t ri c s a n al y si s i n g e n e r al. I n
t h e f u t u r e, w e pl a n t o t a c kl e t h e p r o bl e m b a s e d o n o t h e r
a v ail a bl e d a t a s u c h a s fi el d of s ci e n c e, o r g a ni z a ti o n, f u n di n g
d a t a, c o- a u t h o r r el a ti o n s hi p e t c. w hil e c o n d u c ti n g m a c hi n e
l e a r ni n g t e c h ni q u e s a s w ell a s a d o p ti n g s o ci al n e t w o r k b a s e d
a n al y s e s.

A u s ef ul c o m p r o mi s e i s t o l e t u s e r s c u r a t e t h ei r p u bli c a-
ti o n li s t. We will i n cl u d e p r o c e s s e s a s si s ti n g i n t h e c u r r a ti o n
of d a t e i nt o t h e w o r k fl o w of v e t ti n g t h e p a p e r s. O n e p a t h-
w a y w e c u r r e ntl y p u r s u e i s t o w o r k wi t h t h e X S E D E p o r t al
t e a m w hil e p r o vi di n g t h e p u bli c a ti o n d a t a w e h a v e c oll e c t e d
a s a p u bli c a ti o n di s c o v e r y s e r vi c e, i n t h e h o p e t o p r o vi d e
m o r e c o n v e ni e nt w a y f o r u s e r s t o q ui c kl y p o p ul a t e t h e v e t-
t e d p u bli c a ti o n s li b r a r y.

We h a v e al s o s t a r t e d a n o t h e r si mil a r a c ti vi t y, i n w hi c h w e
a r e a t t e m p ti n g t o e x t r a c t a n d p a r s e t h e p u bli c a ti o n d a t a
f r o m p a s t Te r a G ri d / X S E D E q u a r t e rl y r e p o r t s. T hi s d a t a,
w hil e n o t c u r a t e d o n p e r u s e r b a si s, d o e s h a v e p r oj e c t l e v el
a s s o ci a ti o n i nf o r m a ti o n, a n d t h u s, c a n s e r v e q ui t e w ell f o r
m o s t of o u r a n al y s e s.

A s f o r t h e r e s o u r c e all o c a ti o n, w e c u r r e ntl y o nl y c o n si d-
e r e d t h e S e r vi c e U ni t s ( S U s ), o r c p u- h o u r s, a s t hi s i s t h e
d o mi n a nt f a c t o r t h u s f a r t o m e a s u r e r e s o u r c e all o c a ti o n i n
X S E D E. Wi t h t h e i n c r e a si n gl y i m p o r t a n c e a n d bi g g e r n e e d s
of s t o r a g e all o c a ti o n s f r o m bi g- d a t a a p pli c a ti o n s, a n d Vi r-
t u al M a c hi n e ( V M ) b a s e d all o c a ti o n s f o r t h o s e i nt e r e s t e d
i nt o cl o u d c o m p u ti n g, w e will n e e d t o p u t t h e s e al s o i nt o
t h e e q u a ti o n t o c o v e r m o r e f o r m s of r e s o u r c e s i n a d di ti o n t o
S U s.

Fi n all y, w e a r e c o n d u c ti n g s o ci al n e t w o r ki n g r el a t e d a n al-
y s e s a m o n g p u bli c a ti o n s, u s e r s, p r oj e c t s, F O S’ s, e t c. b a s e d
o n ci t a ti o n a n d c o- a u t h o r s hi p r el a ti o n s. Mi ni n g s o ci al n e t-
w o r ki n g m e di a s u c h a s T wi t t e r a n d F a c e b o o k i s al s o pl a n n e d
t o o b t ai n u s a g e d a t a, a m o n g o t h e r al t m e t ri c s, t o c o m pli m e nt
t h e p u bli c a ti o n- b a s e d s ci e nti fi c i m p a c t s t u di e s.

7. C O N C L U SI O N
T hi s p a p e r p r e s e nt s a f r a m e w o r k t o f a cili t a t e t h e m e a s u r-

i n g of s ci e nti fi c i m p a c t a n d e v al u a ti o n of R OI f o r l a r g e c o m-
p u ti n g f a cili ti e s. We h a v e u s e d t hi s f r a m e w o r k t o c o n d u c t
a n e v al u a ti o n of s ci e nti fi c i m p a c t of X S E D E b y d e ri vi n g v a r-
i o u s m e t ri c s a n d c a r r yi n g o u t e x t e n si v e s t a ti s ti c al a n al y s e s.
T h e m aj o r a c c o m pli s h m e nt s i n cl u d e:

1. We h a v e d e vi s e d a p r o c e s s t o o b t ai n a n d m a n a g e p u b-
li c a ti o n a n d ci t a ti o n d a t a f r o m v a ri o u s s o u r c e s f o r a
gi v e n g r o u p of p e o pl e. We h a v e f oll o w e d t hi s w o r k-
fl o w t o o b t ai n o v e r 1 4 2, 0 0 0 p u bli c a ti o n s a s w ell a s t h e
ci t a ti o n c o u nt d a t a f o r o v e r 2 0, 0 0 0 X S E D E u s e r s.

2. B a s e d o n t h e c o n s oli d a t e d r el e v a nt bi bli o m e t ri c s d a t a
v a ri o u s s ci e nti fi c i m p a c t m e t ri c s a r e d e ri v e d f o r u s e r s
a n d o t h e r a g g r e g a t e d l e v el s s u c h a s p r oj e c t s a n d fi el d
of s ci e n c e.

3. T h e r e s ul t s a r e p r e s e nt e d vi a a li g ht w ei g ht p o r t al, a n d
a r e al s o e x p o s e d vi a d a t a b a s e i nt e g r a ti o n o r R E S Tf ul
s e r vi c e s t o o t h e r p o r t al s, i n cl u di n g t h e X D M o D p o r-
t al a n d t h e X S E D E p o r t al. F o r e x a m pl e, w e e x p o s e
t h e p u bli c a ti o n d a t a vi a R E S Tf ul s e r vi c e A PI t o t h e
X S E D E p o r t al t e a m a s a p u bli c a ti o n di s c o v e r y s e r vi c e.
T hi s will h el p f a cili t a t e t h e i d e nti fi c a ti o n a n d c u r a ti o n
of X S E D E e n a bl e d p u bli c a ti o n s b y X S E D E u s e r s.



4. Statistical analyses were carried out correlating the im-
pact metrics with projects/proposals, field of science,
and allocation data to help provide metrics that can be
used to quantify the impact of XSEDE resources on sci-
entific research. These analyses do show a positive cor-
relation between XSEDE funded allocations and var-
ious scientific impact metrics. When more XSEDE
directly related data are available we expect to pro-
vide much more insight into the scientific impact of
the XSEDE program.

5. We have conducted preliminary analyses on scientific
impact produced per SU allocation unit based on user
curated publication data with a limited sample size.
This may provide a way to measure the ROI of XSEDE.
We will conduct similar analyses when having more
user curated publications to further solidify the results.

It is obvious that continuous work is crucial to conduct
longitudinal tracking of the data and deal with the issues
that XSEDE has so far provided limited amount of publica-
tion data. Important is to note that this work has pioneered
the workflow and the analysis capability on how to achieve
the data gathering. This framework can be reused by vari-
ous groups enabling different services as part of XSEDE to
assist the portal and auditing teams. Moreover, this frame-
work and its service oriented model makes it possible to ex-
pand its usage beyond those targeted by XSEDE resources.
It could be employed within other organizations such as De-
partment of Energy (DOE) or even a department of a uni-
versity. Those that would like to consult with us on such
specializations, can contact us for further details.
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