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Abstract—The term ‘Serviceable Visualizations’ encom-large data (imagery) capability. Furthermore, user irtidra
passes the diversified visualization architecture proddse visualizations require a real-time quality of service. 3&e
this paper as an alternative approach to traditional visu- requirements are often exacerbated for high fidelity visual
alization approaches. It is proposed specifically to hamesizations. On the one hand, locally generated visualization
the facilities and capabilities that cloud computing cam{pr on user platforms require computational and data storage
vide. The architecture is composed of service packaging cfupport on the user platforms, and on the other hand, remote
visualizations including plug-in architecture and intetks generated visualizations require such support on the emot
needed for end-user manipulation, parameterization angblatform, and in addition require sufficient communication
linking; a diversity virtual exchange to provide the matalpi  and local platform quality of service necessary to provite f
of end-user requests with the visualization services and the real-time requirements. As technology and infrastmect
lightweight client framework on the end-user local platfor changes, the relative capabilities to support either lacal
for the display of the visualizations. A discussion of grandemote visualization also changes.
research challenges and the recent work of the author to The focus of this paper is to present a position on local and
address these challenges is also included. remote visualizations in the context of the cloud computing
infrastructure. The rest of this paper is organized as\iglo
Keywords: Visualization, Cloud Computing, Visualization Ser- \jsualization as a service is discussed in the next section.

vice Section 3 describes the proposed service infrastructude an
) Section 4 describes the issues that motivate future work.
1. Introduction Conclusions are given in Section 5.

There is a lot of recent interest in cloud computing and ) ) . .
the related virtualization of cyber-commodities, the sev 2. Visualization as a Service
packaging of the commodities, and the delivery of such The end-user community is diverse in user needs, expe-
to the end user. Literature abounds, from research orient fje '
papers that describe cloud computing (see for example, [1

[2], [3]) to popular WorId_V\(ide_Web ba.se.d literature (sge formakers and general users. Typically, the scientific commu-
examplg, [4]). Commercialization O.f this mfrastrugtuséast nity has specific needs in understanding some model as it
developing and many ver_ldors are involved in various a_SpeCF%Iates to a scientific experiment, simulation, process, et
E:ellateld t(? CI:;Ud computmgd(sele [Sd]' [6] fohr veeror “hStS)'These visualizations tend to be high fidelity, interactive t
early, clou colmputlng and relate areas nave caug 0N 110w the user to explore the data and thereby requiring re-
_ Visualization is a powerful way in which to present yoneration of possibly many images, perhaps also including
information to end-users. It is widely adopted and populag, i ation: moreover, data set sizes may be very large. Com-
an_d comes In-many forms, from spreadsh_eet_ch_arts_ ercial users tend to also require high fidelity visualizasi
scientific presentations of molecules; and varies in figelit o5 44 to produce the ‘wow effect’: single images suitable for

graphical user interface (GUI) designs, interactivenaasl,. rinted media are common, however, online presentations,
in many other ways. Some common aspects that pertain %r example, flash or video on websites would require

many modern day visualizations include the manipulation of, isiple images. Decision makers are interested in having
Images: an animation (wdeo) is composed of multiple image,s ,ch information and facts, particularly, trend analysi
fram_es shown in sequence, SC|en_t|f|c wsuahzg\tlons uysu_a"related information, so as to be able to make mission-, life-
prowd_e for user-.d|rected |nteragt|on fo.r scaling, pagnin - cost critical decisions, or to set policy. Visualizatso
(scrolling), zooming and/or rotation of images. Such may,, this group would range from moderate to high fidelity,
nipulations require computational capability and po@iti 5 example, cost-critical decision making facilitated by
— . o o o 2D trend graphs could be presented in moderate fidelity
This paper is based on the invited talk “Visualization fortialization . lizati ‘h lif itical dical di ced
and Cloud Computing” that | gave at the Open Grid Forum Kodegy,  VISU@ Izations; however, li _e'Crmca_ me_ 'Ca_ 'agmﬂee S
Korea on November 10, 2008 would be best served by high fidelity visualizations. As well

nces, knowledge and skills. Broadly, the end-user com-
unity includes scientific users, commercial users, degisi



degrees of interactiveness and data set sizes would exis
depending on the nature and requirements of the decision
making community. General users include the ‘home user’,
the ‘school user’, etc. and tend towards low-to-moderate
fidelity, more moderate data set sizes, less stringentiraal- J U\ N>
interactive requirements. Even within this breakdown,-spe

cific user needs, experiences, knowledge and skills sugges

a wide-range of potential visualizations. Scientific & General Users
The current approaches to visualization ‘on the cloud’ Commercial

are mainly monolithic and are extensions of the current day Understanding Decision ers Understanding

remote visualization approaches providing cloud-enatsed multl scale Understanding more about our

mote visualization engines and renderers that send images t complex dynamic

the local client machine for user viewing. Examples include systems

the visualization system by NICE [7] and Sun’s approach [8]. Fig. 1: The visualization community

Such visualizations are particularly aimed at specific end-

user communities providing specific sets of capabilities.
This approach provides high-end graphics capabilities by : Visualization
centralizing the visualization resources thereby engtsimd- @ @ aservice

user access to such visualizations that may ordinarily not
be available locally. However, in the ‘bigger picture’, the

limitations by not designing a diversified architecturedi¢a Diversity -
multiplicity of visualization-type services, essentaleplac- Virtual
ing the current on-local-platform models with correspagi Exchange Challenges

Generalizable
visualizations

Linkable
visualizations

services. And, users would still need to identify and learn '

the appropriate use of the software. Portability may not

be ideally provided, and cross end-user community access ‘

would also be limited.

A visualization architecture that is parameterizable and : ‘

service oriented is needed in which to support the grand

scope of end-user visualization needs. Such architecturgg. 2: Components of Serviceable Visualizations: Visteli

could address many of the issues raised in the previous pargon as a Service (virtualization), Diversity Virtual Exahge,

graph, in particular, addressing the wide-range of possibland a lightweight client framework; with grand research

visualizations. However, providing this diversified atelsr  challenges.

ture for visualization is challenging; this motivates thaper

and the subsequent discussion. Cloud computing provides

both the visipn and i_nfrastructure to consid_er thi_s al_tévea 3.1 Virtualization

approach. Figure 1 illustrates the overall visualizatiome

munity that would be enabled by considering a diversified Visualization itself is ‘guided’ by a number of models,

approach to visualization. whether implicit or formally explicitly defined. A presen-
tation model guides the visual display of information (e.g.
a 2D graph model consists of two axis and a relationship

3. Servicelnfrastructure between the axis associated variables drawn as a bar, line
or point). The visualization algorithms are usually defined

Visualization as a service in a diversified architectureover an internal model that structures the data. Other rsodel

requires several components that include virtualizatibn othat influence the visualization and its processes may aso b

visualization and its service packaging so as to accommsodagefined. Where a visualization is well-defined by models, the

the diversification in the visualization, a diversity vistu models may allow the visualization to be parameterizeds; thu

exchange so as to accommodate the ‘matching’ between enalso providing a semi-automatic way in which to develop the

user needs and requirements and the visualization servicgsualization. Charting wizards are a particular examgle o

and a lightweight client framework so as to provide porta-such successful parameterization of the visualizatidated

bility and consistent user experiences across visuadiaati models.

Figure 2 illustrates the proposed diversity in visualizati Once a visualization is virtualizable, then it needs to be

architecture approach that is enabled by cloud computingconnectable to the lightweight client framework. A plug-

These are discussed subsequently. in architecture is common nowadays to accommodate such

Lightweight Client framework



connections. As an example, many spreadsheet and dodmportant and salient aspects of the data; corresponding
ment preparation software provide charting facilities #ml  visualizations would not require computer intensive suppo
incorporation of the final chart visualizations into the doc A lightweight client framework providing consistent user
ument. The more advanced visualization models presentakperiences which is sufficiently flexible and adaptable to
in [9], [10], although at present are only very roughly plimg- accommodate the presentation of diverse visualizations is
enabled, may be extended and adapted to be more generatigeded.

plug-in compatible. Visualizations within visualizations is a term defined
. ) ) here to refer to the visual semantics of the framework. In
3.2 Diversity Virtual Exchange order to provide consistency in user experiences across the

The end-user community is diverse in user needs, expdroad diversity spectrum of the end user communities, the
riences, knowledge and skills. A diversity virtual exchang framework should provide a visual context within which the
facility is needed to as to provide a ‘matching’ of user needgarticular visualization service is displayed. For higkad
and requirements with visualization services (i.e. so daseto platforms, the framework can make this context explicitly
able to select the best visualization plug-in). It is expdct Visible whereas for lower end platforms, the context can be
that end-user roles would be relatively fixed and vary onlyimplicit. There are likely several visualization preséiua
slightly from specific application to specific applicatiday ~ models that can be designed to accomplish this. The model
example, a medical user would most usually be interestegresented in [11] could be extended and adapted to provide
in the high fidelity imagery for diagnosis. At the same time,for this framework: specifically, in this model, a linear €or
there are likely to be many parameters that would be need tédor metaphor is used with wall, ceiling and floor mounted
be recorded on a permanent basis so that the user would ngindows organized into rooms; visualization services doul
need to re-specify for each time a visualization is requeste be plugged-in to the windows. An artist's conception that

The technical infrastructure includes both local and redepicts this visualization model is shown in the lower-left
mote visualization support. In some situations, the erat-us of Figure 2.
needs may be best served by a combination of local and
remote visualizations; given that the service packaging mad. 1Ssues
provide either individually, or both. The diversity virtua  The proposed diversified architecture, while addressing
exchange also should provide evaluation of such factorghe needs of the diversified end-user communities, neverthe
as the computational (graphics) capability, data storage a less poses significant research and development challenges
communication bandwidth together with the local or remoteThis section discusses some of the major issues involved.
nature of the visualization service package so as to provide . ) L
the best matching of service for the available technicaft-1 Generalizable Visualizations
infrastructure as well as the needs of the user. The plug-in architecture suggested for connectivity of

The implied economics (see next section) suggests wisualizations with the lightweight client framework reéogs
supply-and-demand model for visualization users and via packaged visualization with a well-defined interface. Al-
sualization plug-in suppliers. A publisher-subscribe bipu though charting is based upon a well-defined explicit model
sub) model would be highly suitable to providing both theallowing for such packaging, in general, visualizations by
persistence and economic related aspects needed by fif® very nature have much less affinity for formal explicit
diversity virtual exchange. Such pub-sub models are nowanodel definitions. This suggests a varying degree scale of
days common and the implementation of such should bgormal model basis: at the well-defined degree, specific de-
rather straightforward. A web-portal interface is envigid  signed visualization models can be crafted and parameteriz

to provide the user-interface. leading to packaging with examples of the afore-mentioned
. . . charting facilities and specific visualizations aimed at do
3.3 Lightweight Client Framework main restricted applications such as medical imagery; at

A lightweight client framework at the end-user point the moderate-defined degree, classes of visualizatiorsddefi
is needed to accommodate the various kinds of end-uséy the application of more general techniques such as
devices. At the higher end, traditional CAD/CAM and visu- isosurface- or contour-based data visualizations have-sem
alization workstations as well as modern day desktops antb well-defined models that are amendable to parameteriza-
mobile computers (e.g. laptops) commonly have moderatgon however the holistic modeling and subsequent parame-
to high end graphics cards, Internet connectivity and multiterization may be much more difficult, examples include the
core processors that can provide for local manipulation ofssociated graphical user interfaces available in AV S/&sg
data and visualization. At the lower end, cell phones, PDAs(a well-known and high-end visualization tool); at the low-
etc. have little capability in providing for local computer defined degree, packaging of visualizations that consist of
support of visualizations. Yet, these lower ended devicesrafted scenes is problematic. It would seem that the incor-
would typically be more useful in assessing merely the mogporation of guiding models is needed to satisfy the paclggin



nature of the proposed diversified visualization architeet  into their own for-profit endeavors. Moreover, end-user vi-
Yet, the attempt to formalize visualizations in the litera sualizations could be combined with other activities sugh a
has resulted in a plethora of model approaches and modelsews perusing or scientific simulation and modeling, some of
some of which may be difficult to reconcile. And the attemptwhich may be also cloud-enabled. Lastly, visualizatioalfts
to do so may be contra to the notion of visualization agequires compute, data storage and sufficient communicatio
artistic and aesthetic. bandwidth. The cost structuring of packaged visualization
The challenge is to adopt a balance between formalisnis likely not to be a one-size-fits-all solution; therefore,
and freely accessible visualizations so that parametédna appropriate cost models taking into account these differen
and packaging is possible: that is, Generalizable Viswializ (and perhaps contradictory factors) needs to be considered

tions. Perhaps the ‘best’ way is a ’free-service’ approach, that
is, provide the visualizations as a ‘service’ to the end-
4.2 Linkable Visualizations user communities since, in many cases, end-users could

Packaged visualizati d loaded ua-i aul understand the implications of the data ‘faster’ and ‘bétte
acxaged visualizations downloaded as plug-in moduleg, y 1,5 yiilize other cost-associated services more yvisel
must link-in with the lightweight client framework and

b . ith oth b plua-ins. Wh h The challenge is to determine an appropriate cost-model
must be consistent with other such plug-ins. ereas g, fairly distributes the cost-profit of serviceable wvisu

framework is designed for such requirements, packaged Vis‘élizations without limiting the potential and use of the
alizations must also be so designed. This imposes addition@isualizations

design requirements on the package which could influence
the visualization model itself. Constraints and condsidor 5 Conclusion
intra-plug-in linking need to be added to the visualization

packages. For example, glyph-based data visualization (S%iversified visualization architecture proposed in thipgra

vector (arrow) glyphs) and isosurface visualizations are-c as an alternative approach to traditional visualization ap

sistent over the same data set, but such could be incortsisten ; oo .
) ; X L . roaches. It is proposed specifically to harness the fiasilit
with charting or graph-based visualizations (depending o ) .
L .~ “and capabilities that cloud computing can provide. The ar-
the nature of the data set). Although linking seems simple, . . ) . ; N
. chitecture is composed of service packaging of visuabrati
enough for obvious cases, more thoroughly, many factors . : ; :
. i L including the plug-in architecture and interfaces neeaed f
are involved; some of which include the nature of the . . o S .
. . end-user manipulation, parameterization and linking; -a di
data set and the derived data (e.g. trend analysis), the ~ .~~~ . )
. s . . versity virtual exchange to provide the matching of endruse
requirements of the user-communities and what information . : o ) ) .
. . . requests with the visualization services and a lightweight
is wanted to be understood, and the technical details of;.
. X ., _client framework on the end-user local platform for the
such implementation. Ideally, a meta-model that provides;. . L
o . L display of the visualizations.
for composition of packaged visualization modules would™ ", L X
Visualizations have unique aspects that pose challenges to

address these issues; however, it is problematic that su . . . . . S
i . . - e design and implementation of serviceable visualinatio
modeling can be successful in general, especially in light o. : ; .
including the computational, data storage and communica-

the comments in the preceding section concerning the natu{%n bandwidth technical requirements, visualization eled

of visualization modeling. . . . . o .

The challenge is to determine an appropriate meta—modeI g needed to defmg and deSIQH. V|su(_a1I|zat|or_15 as a service,
that can capture the essentials necessary to linking plu -.nd the C.OSt structuring of ensuring fair t.)Ut widely avaldab
in visualization packages but at the same time not placingwsuahz_atmns. Clearly, further research in addresshegé

- . o %sues is much needed.
restrictive upon the visualizations. The author has already begun working on adapting several
. . visualization models and defining new models, techniques

4.3 Commodity Economics and approaches as foundation-building for serviceable- vis

It is clear from the direction of cloud computing that alizations. At present, such endeavors are only in-thefiou
the proposed diversified architecture for visualizationsild ~ To a large extent, this paper identifies the necessary equir
also follow the same direction; specifically, the technicalments, issues and implies a future direction of researcheTi
infrastructure providers of package storage and deliveryvill tell...
service providers providing the visualization plug-ingdan
service enablers providing the ‘how to’ skills are cost-ACknOWIBdgement
associated and profit-motivated entities. The nature of vi- This research was partially supported by the MIC (Min-
sualization is to facilitate end-user understanding ofdata  istry of Information and Communication), Korea, Under the
and often the end-user has the mind frame of informatiohTFSIP (IT Foreign Specialist Inviting Program) superdse
exploration. At the other extreme, end-users could be-inteiby the IITA (Institute of Information Technology Advance-
ested in generating finalized visual images to be incorpdrat ment, C1012-0801-0003.

The term ‘Serviceable Visualizations’ encompasses the
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