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Abstract. Most higher education institutions can no longer subsidize academic
high performance computing (HPC) services the way they used to. New busi-
ness models are needed. At the same time, Cloud computing has emerged as a
new way to digitize the public sector, but thus far there is only little experience
in this domain. Therefore, ETH Zurich and the University of Zurich jointly set
up a Cloud stack to experiment with HPC service provision and corresponding
business model alternatives. On this basis of an interview series, this study aims
to foster the understanding of Cloud-based HPC services and revenue streams.
The results suggest that service providers appreciate Cloud computing as a
means to become more transparent and efficient, i.e. to comply with new public
management concepts. However, service consumers can hardly see the need to
consume Cloud-based services, because convincing “Cloud-only” applications
are still missing. Different revenue streams are discussed.
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1 Introduction

In higher education HPC service provisioning can no longer be subsidized the way it
used to be. There is a rapid increase in the demand of computing resources which has
pushed higher education institutions and also other public organizations to their limits
in terms of computing service provisioning and its funding. Recently, Cloud computing
has emerged as a new way to digitize services in the public sector [1–3]. In 2011,
Norwich University’s College of Graduate and Continuing Studies conducted a survey
on Cloud computing among government and higher education institution professionals:
almost half of the respondents indicated that their organizations are in the process of
implementing Cloud computing services [4]. There are already some successful cases
of Cloud computing in the public sector: the regional government of Castilla in Spain is
using Cloud-based services to accelerate the rollout of e-government applications for
taxes and driving licenses; the Chinese University of Hong Kong centralized its data
center and network resources on a private Cloud platform; and Australia’s national
science agency virtualized its business applications so that they can be managed and
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shared across all its locations [5]. However, the public sector is still significantly
lagging behind the private sector in terms of Cloud deployments [6]. In a 2011 study on
the future of Cloud computing in the public and private sectors, over 1,500 interviews
were conducted with professionals from organizations in Europe, the United States, and
Asia. The interviews showed that only 23 % of public sector organizations are using
Cloud-based hosted data or remotely hosted apps, compared to 42 % of the organi-
zations in the private sector. The study indicates that European organizations are
particularly slow in adopting Cloud services and appear to be behind Asian and US
organizations [7].

This study now aims to provide insights on - and discusses some implications of -
the use and implementation of Cloud computing in the European higher education
sector as part of the public sector. The goal is to foster the understanding of business
models for Cloud-based high performance computing services in higher education.

Before the research questions are given, the terms “Cloud computing”, “high
performance computing”, and “business model” are defined for this paper:

Cloud computing refers to the use of computing resources, which are available in an
outside location and accessible over a network. Therefore, the Cloud is an operational
model, a usage model and a business model. Cloud computing services are often
divided into three layers: software as a service (SaaS), platform as a service (PaaS), and
infrastructure as a service (IaaS) [8–10].

A business model describes an organization’s value creation, proposition, and
capture [11–13]. Value creation includes resources, activities, and business partners.
Value proposition refers to the benefits that a customer can expect from the product or
service. Value capture comprises revenue streams and pricing [13, 14]. In this study,
value capture focusses on the revenue streams [15, 16].

High Performance Computing (HPC) refers to all computations that need high
processing power or memory capacity. HPC uses resources that are optimized for a
massive parallel workload computing in the back-end. The HPC service consumer
typically interacts with the HPC resources only via a front-end system [17, 18].

HPC assists researchers in solving complex problems in a variety of different areas
like weather forecasts, earthquake simulations, biomedicine, nanotechnology, materials
science, environmental modeling and disaster simulation [17]. This selection of HPC
applications shows that HPC can be important for the public sector. However,
deploying and maintaining HPC resources is expensive and knowledge-intense. As
most public HPC services are consumed by members of higher education institutions
and as they also typically possess the necessary knowledge and experience, many
higher education institutions run their own HPC infrastructure. Today, HPC service
provisioning is almost exclusively organized at the institutional level. Even though
most higher education institutions in Switzerland are directly - or at least indirectly -
controlled by the government and paid for with tax money, they cannot provide each
other with HPC services. This can be a problem when HPC infrastructures are spe-
cialized for specific purposes: a researcher from institution A cannot use the service
from institution B, although institution B possesses the most adequate HPC resources
for A’s problem. The leading higher education institutions’ resources are the most
exhaustive, while some smaller universities cannot afford any HPC resources at all.
However, they cannot just use or buy some of the resources which belong to other
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higher education institutes. One reason is that the institutional and funding structures
are very heterogeneous. There are two additional major obstacles: first, the value
proposition of services provided via a Cloud solution compared to the traditional way
of service provisioning is unclear, and second, there is no pricing mechanism to charge
other institutions. In order to discuss the first obstacle, we describe the case of our
private Cloud stack and in order to discuss the latter obstacle, revenue streams are
discussed in this study. The need for reasonable revenue streams will become
increasingly important in the course of new public management reforms. Higher
education institutions are typically public, non-profit organizations. However, new
public management reforms require these institutions to adopt for-profit management
concepts in order to have higher accountability, transparency, and efficiency [19, 20]. It
may be reasonable to assume that higher education institutions could provide
Cloud-based HPC services to other public sector institutions in the long run. In this
way the higher education institutions could provide services to, e.g., biomedicine or to
disaster and earthquake simulations, to public organizations like hospitals or regional
governmental institutions.

We use two preconditions for the study: first, Cloud-based service provisioning is
possible for HPC. For instance, SGI Cyclone is a supercomputer on demand that
provides elastic, scalable, and cost transparent services and that gives a service con-
sumer immediate access to the resources and computing capabilities [21]. Some Clouds
support virtual machines that have several hundred cores and a lot of memory. Second,
the Cloud model can be applied to big data problems as well. If a remote Cloud should
be used, the data transfer might be cumbersome or even prohibitive, but a local Cloud
can deal with large data volumes or can even be explicitly designed in order to manage
big data problems through Hadoop [22].

The business model part “value creation” is of rather technical nature and is pre-
sented in detail [22, 23]. Pilot tests were conducted in a private Cloud, which is a Cloud
infrastructure that is operated for a single organization. In the course of the Swiss
Academic Compute Cloud project [22, 23] more sophisticated tests followed in a hybrid
Cloud, which is a composition of two or more (in our case private) Clouds, which
remain distinct entities but are bundled [24, 25]. The Swiss Academic Compute Cloud
project has access to OpenStack Cloud installations at ETH Zurich, the University of
Zurich, SWITCH, and the Zurich University of Applied Sciences [22, 23], which
manage Cloud installations as self-run IT centers. As the Cloud installations are oper-
ated by self-run IT centers they are capital intensive and a reasonable life-cycle man-
agement must be applied to keep the IT infrastructure up-to-date [26, 27]. The current
Clouds in the project are relatively small: they range from 100 to 400 Central Processing
Unit (CPU) cores each, but are equipped with quite decent memory and storage. The
choice of OpenStack as a reference Cloud software stack has emerged as an evaluation
done in the Academic Cloud Provisioning and Usage project [23].

The relation between technological innovations and management decisions is
complex, but both aspects must be aligned and they can iteratively influence each other
[15]: the same technology commercialized in different ways may result in different
economic outcomes [28]. Against the technological background [22], this paper is
dedicated to the managerial aspects. The research questions focus on two major
business model parts: revenue stream and value proposition:
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• Revenue streams: How can Cloud-based HPC services be priced?
• Value proposition: What are the benefits of scientific Cloud-based HPC services?

These questions are discussed for both, the service consumer and the service provider.
To this end, this article is structured as follows. The next section clarifies the

research methodology. The following two sections describe the results of our study and
are structured in accordance with the research questions: revenue streams (Sect. 3) and
value proposition (Sect. 4). After these descriptions, the results are discussed in Sect. 5.
The paper concludes with a summary and an outlook on future research.

2 Methodology

The aim of this study is to analyze two major business model components: value
proposition and revenue streams for Cloud computing services that are meant to be
jointly provided by and accessible to several higher education institutions.

For the analysis of revenue stream and value proposition, the study is based on an
inductive qualitative research design [29, 30]. Information was gathered by means of
semi-structured interviews: eight interviews were conducted with academic service
consumers, who are currently using HPC service that are provided in a traditional
manner. They are the potential buyers of Cloud-based HPC services and are in charge
of making investments and taking decisions. Six interviews were conducted with
service providers at ETH Zurich and at the University of Zurich. Additional infor-
mation was used that was collected from interviews with representatives from the Swiss
National Supercomputing Centre (CSCS), the Swiss Initiative in Systems Biology
(System X), and the Friedrich Miescher Institute in Basel.

In a previous study [27], revenue streams of HPC services were analyzed; and as a
project-internal pre-assessment step, three revenue streams were identified as being
acceptable in terms of economic sustainability and convenience: ‘pay per use’, sub-
scription, ‘pay for a share’.

The interviews with scientific service consumers at ETH Zurich and at the
University of Zurich were all conducted in 2013: six were conducted face-to-face and
two via phone. Information was gathered by interviewing research groups which are
currently using central computing services. The interviewed service consumers were
asked what for they would use the computing capacity; how they perceive the pricing
approaches from a service consumer perspective (‘pay per use’, subscription, ‘pay for a
share’) and what advantages and disadvantages they expect from these approaches.

The interviews with the service providers at ETH Zurich and at the University of
Zurich were also conducted in spring 2013: four were conducted face-to-face and two
by phone. These interviews also followed an interview guide. The service providers
were asked how Cloud Computing resources could improve service provisioning; how
they perceive the pricing approaches from a service provider perspective (‘pay per use’,
subscription, ‘pay for a share’) and what are advantages and disadvantages they expect
from these approaches.
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Obviously, some questions were the same for both the service consumers and
providers. This was done on purpose in order to reveal a potential difference in per-
ception between consumers and providers.

The data gathered from the interviews was analyzed using open, axial and selective
coding techniques [31]. The extracted key statements and assertions were then grouped
along the research questions and interviewee categories (service consumers, service
providers, HPC experts), which resulted in a grid that allowed to identify patterns [32].

3 Revenue Streams

In a previous study [27] revenue streams of Cloud computing services were analyzed;
and in a project-internal pre-assessment three revenue streams have been identified as
being acceptable in terms of economic sustainability and convenience:

• ‘Pay per use’: Service consumers are charged a fee according to the time and
volume of a computing service that has been consumed.

• Subscription: The service consumer pays a fee on a regular basis for the usage of a
service. Subscriptions allow services to be sold in bundles.

• ‘Pay for a share’: Service consumers buy a “share”, i.e. a part of infrastructure or
even a part of a complete package of software, hardware and services in order to get
a corresponding amount of service.

Both, service consumers (Sect. 3.1) and service providers (Sect. 3.2) were asked for an
assessment of the three revenue streams, ‘pay per use’, subscription, and ‘pay for a
share’.

3.1 Perception of Revenue Streams by Service Consumers

3.1.1 Pay Per Use

Pro. Service consumers appreciate the ‘pay per use’ revenue mechanism as a fair
approach. Costs are transparent and you only pay for what you get. Service consumers
could imagine to ‘pay per use’ for some kind of small jobs, like for testing or exper-
imenting with a service. Especially when a research activity contains uncertainties,
service consumers do not want to spend their money upfront. In this case, they neither
want to buy a package that lasts for a month (like in the subscription model) nor do
they want to spend money upfront (like in the ‘pay for a share’ scheme). The ‘pay per
use’ scheme gives them the freedom to initiate research activities and to immediately
quit the ones they do not want to pursue any longer. Service consumers perceive the
possibility of terminating the consumption and the payments of a service advantageous
to other schemes, e.g. the ‘pay for a share’ scheme. They do not want to subsidize other
users due to being locked in a contract when they do not need any further services.
Finally, the ‘pay per use’ revenue stream sounds particularly attractive to service
consumers, who develop applications themselves, i.e. who operate more on the PaaS or
IaaS layer. These researchers often come from computer science or physics depart-
ments. The ‘pay per use’ model would give them the opportunity to flexibly and
quickly make use of services they just need.
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Contra. On the other side, service consumers do not want to be bothered with billing
and accounting. They do not want to spend time on administrative tasks, like checking
invoices and accounting activities. The ‘pay per use’ revenue mechanism is perceived
as expensive and not paying off for a long time of service consumption. Finally,
academic service consumers are concerned about acquiring money. In the current
academic budget allocation model you cannot get money to be spent on a ‘pay per use’
basis. Researchers cannot ask for money if they do not know for what it will be spent.
Currently, they can only successfully receive grants when they submit a proposal for
funding in which they ask for money that is about to be spent on a specific hardware or
for buying a share.

3.1.2 Subscription

Pro. Academic service consumers acknowledge subscription to be fair. Like the ‘pay
per use’ scheme it is easy to understand and you pay for what you get. Some inter-
viewees intuitively liked it because it is also the way they pay for their private mobile
or smart phone services and Internet connections. They like the idea of having some
predefined packages from which they could choose and would be fond of having the
option to upgrade to another package if needed. Service consumers consider this a
flexible, yet easy (because there are predefined packages) approach.

Contra. The same arguments as for the ‘pay per use’ scheme hold also true for the
subscription approach. There would be fewer invoices and accounting activities than in
the ‘pay per use’ scheme, but it would still be less convenient than the ‘pay for a share’
solution. Problems with the current academic budget allocation model would also arise
when applying the subscription revenue stream.

3.1.3 Pay for a Share

Pro. Among the three revenue streams, the ‘pay for a share’ is perceived as the most
convenient by the academic service consumers. They only need to pay once and then
they are all set for the next couple of years. Researchers can focus on their actual
research and do not have to care about comparing prices, squaring accounts and other
kinds of accounting tasks. Maybe in the end it does not pay off, but despite that, you
pay for convenience: you do not need to pay every time you need a service; if you have
some capacity left you can do some extra research. Moreover, it is well aligned with
current academic budget allocation models and therefore, it might be relatively easy to
get money for buying a share for services in a Cloud stack.

Contra. On the downside, some of the arguments that favor the ‘pay per use’ and the
‘subscription’ approach can be interpreted as disadvantages of the ‘pay for a share’
approach. For example, if you do not make full use of your share, you subsidize others
and waste money for something that you do not need. In addition, there might be loss in
flexibility to change the volume or the kind of service consumption compared to the
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‘pay per use’ and the ‘subscription’ approach. Finally, the renewal of a share might be a
problem, because this means a massive investment at one time.

3.2 Perception of Revenue Streams by Service Providers

3.2.1 Pay Per Use

Pro. First, the providers of academic services acknowledge that the ‘pay per use’
scheme could provide an added value for their service users. They find the ‘pay per
use’ scheme a feasible approach when users do not know their demand and when
service consumption is only required for a few weeks. In the communication with the
service consumer, this approach is probably the easiest to explain, because everyone
basically knows how it works. Since it is very transparent what is provided and what is
used, reporting and accounting is also easily understandable.

Second, an advantage for the service providers themselves could be a better han-
dling of spare capacity. This approach could be particularly interesting in case of
external organizations’ demand.

Contra. A disadvantage of the ‘pay per use’ scheme is that service consumption is
highly unpredictable. If you want to give your consumers the choice to consume a
service whenever they want, service delivery becomes difficult to plan and schedule. In
the scientific environment the situation is probably even more unpredictable than on the
free market. Unlike the free market, at a university with a self-run IT center you may
only have a limited number of users, which may have a peak-demand at the same time,
e.g. right after the examination period or at the beginning of a new term. On the free
market you may have a higher number of users from different regions and with different
needs, and as a result demand might be better balanced. At the university you need to
invest a lot into hardware upfront if you want to offer your consumers an immediate
response to their service requests. However, due to the high unpredictability, there is no
guarantee that the investment is amortized.

Like the service consumers, the providers also assume an extra effort for billing and
accounting. Some algorithms need to be set up to monitor the users’ consumption and
to calculate the price for it. However, once done successfully billing and monitoring
could be automated and there is no extra effort for this anymore.

3.2.2 Subscription

Pro. Compared to the ‘pay per use’ scheme, the subscription model is characterized by
a more stable and predictable source of income. This helps service providers in cal-
culating and forecasting revenues and expenses and provides them with a long time
frame for planning, adjustments and procurements.

Contra. The subscription scheme features some unpredictability about users’ demand
in terms of quantity and type of services, which is a problem for higher education
institutes with capital intensive self-run IT centers. Especially if users are given the
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opportunity to flexibly up- or down-grade to another package, some big upfront
investment are necessary to guarantee a high level of service availability and low time
to service. Another problem is that service providers can typically not move money
from one year to the next: this means, even if a massive increase in service con-
sumption is predicted, the service provider can only invest in its IT infrastructure or
service portfolio once it has got the money.

3.2.3 Pay for a Share

Pro. The ‘pay for a share’ scheme is in line with most current budget allocation
models. In addition, service providers appreciate that this model gives shareholders a
sense of ownership and community. They are the owner of a part of the big computer.
Compared to the ‘pay per use’ and the subscription scheme, the ‘pay for a share’
approach guarantees a certain degree of income that lasts for three to four years, the
typical life-cycle of hardware.

Contra. On the downside, there is no transparent service fee. It is not intuitively clear
what and how much a consumer gets. The service consumer may get confused what the
share is worth: it can be time on the Cloud stack, performance or another service (like
storage, consulting). The ‘pay for a share’ approach is subject to unpredictability. This
approach is particularly prone to drop outs. Each shareholder contributes a considerable
amount of money at the beginning of a long term shared ownership. This initially paid
sum is higher than a monthly fee in the subscription model or a daily fee in the ‘pay per
use’ approach, because it is meant to last for a much longer time; and as a consequence
this sum for the share can have quite some impact on the service portfolio or on the
Cloud infrastructure. A problem is that a major chunk of comes from new professors,
who may get a share as bonus for joining the new university. However, it is quite
unpredictable whether they are able to pay for a renewal once the life-cycle of hardware
is over.

4 Value Proposition

Several studies have analyzed the value propositions of Cloud computing in the public
sector [2, 3, 5]. The identified benefits of Cloud computing services for the public
sector include amongst others: simple scalability, labor optimization, capital expendi-
ture reduction, fast deployment, assured service levels, access to up-to-date technology,
and reduced maintenance effort. However, it is noticeable that the identified value
proposition for the public sector are more or less the same as for the private sector [6].

With a particular focus on scientific Cloud applications, a large-scale user survey
revealed several benefits of Cloud computing services like computing elasticity, data
elasticity, and rapid prototyping [1]. Like the more general studies on Cloud computing
for the public sector, this survey does not differentiate between advantages for service
consumers and for service providers. A reason for this lack of discrimination might be
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ascribed to the issue that public sector institutions are typically only perceived as
service consumers of Cloud computing services.

In our case, however, the public sector organizations are not only service con-
sumers, but also service providers. Therefore, we aimed to gain insights into service
consumers’ (Sect. 4.1) and service providers’ (Sect. 4.2) perception of Cloud com-
puting benefits.

4.1 Service Consumer Perspective

Service providers need to understand the needs and the number of potential service
consumers. The service consumers reported that they could mainly use Cloud com-
puting services for:

• Testing and Experimenting: So far, academic service consumers see the major
benefit of Cloud service in conducting tests and experiments on the Cloud infras-
tructure. In this way, they would like to use Cloud services only in a pre-phase of an
actual research project. With the tests service consumers aim to produce preliminary
results that they can use to write a fact-based research proposal in order to get a
grant to buy their own infrastructure.

• Training for Students: In a scientific context, senior staff is often not very pleased to
see juniors and students experimenting with their high-end, sometimes fragile IT
and expensive infrastructure. Therefore, they would appreciate Cloud computing
services which are separated from their operational computing resources. Students
could use this test environment in the Cloud to get some experience. For the same
reason, workshops and classes for students could also be conducted on Cloud
resources. Cloud resources are particularly useful and convenient when workshops
take place infrequently; in this case the teacher does not need to spend much time
for setting up a test and demonstrating the IT environment.

• Some Special Applications: Only a few consumers see a need for Cloud computing
resources for particular applications. Cloud applications mentioned in the interviews
include medical IT services, like on-the-fly services during a surgery or ultrasound
image analysis; or some sort of simple simulations.

• Storage: Scientific service consumers are particularly interested in Cloud-based
storage services, which would allow them to access their data when and wherever
they want. However, they would very much appreciate a trustworthy and reliable
European storage service. Trustworthiness and reliability are demanded because the
users are worried about their privacy. They fear a potential data and knowledge
leakage. Recent laws and regulations, like the US patriotic act, spurred further
unease and uncertainty among the academic users.

4.2 Service Provider Perspective

The results of the interviews show that the picture is in fact different when you ask
service providers about the usefulness of Cloud services. Regardless of the Cloud
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computing layer, they expect that Cloud computing could deliver the following value
to the consumers:

• Flexibility: By making use of a Cloud-based service provision approach, the service
provider can de-couple the service provisioning and the actual hardware infras-
tructure that the services depend on. The provider can develop the underlying
infrastructure with no or very little impact on the services provided, which results in
a much higher service availability as well.

• Provisioning of Additional Services: Cloud resources would give service providers
the opportunity to react faster to the consumers’ demands and also to provide
services that are currently not in the provider’s service portfolio. With Cloud
computing, service providers could draw on ready-made solutions from the Cloud,
assembling their services based on customer demand. For example applications that
run only on certain operating systems that are currently not supported can be added
with ease.

• Time to Service: Cloud resources have the potential of improving the time to service
for the users. Users could get the service immediately. Currently, the users have to
wait weeks or even months until the service is set up, tested and ready to be
consumed. When users require a specific service, it can take the in house service
provider a long time to provide it, particularly when additional resources need to be
procured. Cloud computing could help to bridge the time until the service is ready.

• Self-serving Aspect and Increased Automation: Cloud computing solutions could be
provided directly to the users. At least some experienced users could consume the
services from the Cloud, which could increase the level of automation and reduce
the time and money for administrative overhead.

• Scaling: Service providers would be given the chance to define the capacity of
services provided in accordance with the actual demand in a short amount of time.
Cloud computing enables a dynamic scaling up and down: when less capacity is
needed or service consumers do not require a particular service anymore, the Cloud
should provide the option to give the capacity and resources back when not needed.

• Balance Workload: Linked to the option to pay for services only on demand, the
workload could be balanced better, i.e. Cloud resources can be used for topping up
capacity and for boosting the capacity in times of peak demand on the short run.

5 Summary and Discussion

The emergence of Cloud computing contributed much to the digitization of the public
sector. However, the public sector lags considerably behind the private sector in terms
of Cloud deployments. To facilitate the Cloud-enabled digitization of the public sector,
research is needed on both, the service consumption and the provisioning side.

The perceived advantages and disadvantages of different models of Cloud-based
HPC service consumption/delivery are summarized in Table 1.

On the service consumption side the interviews show that scientific service con-
sumers want to focus on their research tasks and want to reduce their administrative
load. They expect an easy approach and want the higher education institution to clear
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obstacles from their paths. The service consumers currently perceive Cloud services as
a playground for testing, experimenting, and training students. Up to until now, most
scientific service consumers cannot see any useful Cloud computing applications.
Indeed, a really convincing Cloud application that could make scientific consumers
move to the Cloud is missing; even the coverage of peak is not perceived as a big
advantage. As there is no “Cloud-only” application at the moment, consumers do not
see a real need to consume Cloud-based services instead of traditional services.
Decisions are based on beliefs, not on facts. We should never forget that research is not
under the same time and cost pressure as the business world. Researchers are used to
wait.

“Cloud computing doesn’t pay off for us” reported an interviewed service consumer
and several other HPC service consumers join him in the preception that Cloud
computing services are too expensive for the amount of CPU they need. Some service
consumer reported that they would use Cloud service if they come at a reasonable
price. In the end, they care little about pricing strategies and they typically do not
consider the full cost, because education institutes subsidize. The three revenue
mechanisms ‘pay per use’, subscription, and ‘pay for a share’ are perceived differently
among the interviewees and there is no clearly preferred revenue mechanism. Many
service consumers do not know much about Cloud computing and in fact do not even
care much about what computing resources are used and how they are priced. An
interviewed service consumer put it straight: “I just need something powerful to run”
[my computations on]. Computers are cheap compared to personnel cost and in many
cases separately paid for in grants.

A special concern is confidentiality: many researchers distrust the secret services of
big nations and want to keep their data under their direct control. They still believe that
data stored on their own computer are much safer than data stored in the Cloud, even if
their computers are connected to the Internet.

On the service provisioning side the interviews revealed that the service providers
tend to perceive Cloud-based services as an additional resource on the short run, but
not as a replacement of traditional HPC service provision. A service provider assumes
that “Cloud provisioning is [currently] most useful when a user needs 10,000 or more
processors peak demand for a week to a maximum of three months”. Service providers
sell Cloud-based HPC service provisioning with the arguments of flexibility, its elas-
ticity, its self-serving aspect accompanied with an increased automation, the chance to

Table 1. Perception of different models of Cloud-based HPC service consumption/delivery.

Pay per use Subscription Pay for a share

Service
consumers

+ Trans-parent
cost

+ Fair and well known + Convenience

– Administration – Budget allocation – Subsidy of other
users

Service providers + Easy to sell + Stable income + Long term income
– Not predictable – Big upfront

investment
– Renewal of
hardware
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provide additional services, the potential to shorten the time to service, and the
opportunity to balance the workload.

This study focusses on private and hybrid Cloud services provisioning of self-run
IT centers of higher education institutions. Recently, ETH Zurich carefully opened up
towards the public Cloud in times of peak consumption, even though there are concerns
about confidentiality and security. Consuming additional computing power from the
public Cloud relieves the pressure from university IT centers’ decision makers to
purchase equipment and manage the infrastructure. In case of high usage unpre-
dictability, decisions can be postponed. Most institutions trust Moore’s law: machines
get smaller, cheaper and more powerful. Thus delay helps to reduce investments. This
development promotes the pay-per-use pricing scheme, which is particularly burdened
with the disadvantages of usage unpredictability in the case of self-run private Cloud
centers.

6 Outlook and Conclusions

Currently, Cloud-based HPC services are actually not necessary from a service pro-
visioning perspective, because powerful private infrastructures already exist. Therefore,
there is a lack of motivation to establish and invest into Cloud-based HPC services. It
remains to be seen to which extent Cloud-based HPC service provision can reap the
benefits that service providers expect. A general increase in cost pressure may be
needed to speed up acceptance. However, the Cloud is real, it is here and it is growing.
Higher education institutions might be well advised to at least gather some experiences
with the Cloud, because the IT infrastructure has become an essential requirement in
attracting the best researchers [33]. Not uncommonly, applications only emerge years
after a new technology has been introduced, like e.g. computer simulations [34]. We
assume that currently Cloud computing is only a means to optimize service provi-
sioning [35], while truly innovative applications on the basis of the Cloud may only
emerge later.

In order to reap optimization benefits, governmental bodies must put some
incentives in place or enforce public institutions to move to the Cloud, e.g. with the
help of new public management reforms. However, the realization of cost and service
advantages of the Cloud requires a holistic approach: training has to be provided to
both the service consumers and the service providers. In addition, governmental bodies
need to support different pricing schemes: at the moment it is almost impossible to get a
grant for a research project that is based on a per-pay-use or subscription approach.
Finally, there need to be some regulations which enable the paid exchange of com-
puting services among public institutions. There seems to be no way around better cost
transparency. To conclude, Cloud-based service provisioning is most advantageous on
an organizational level, but the realization and acceptance depends on the involvement
and support from governmental bodies and the service consumers.

This study sheds light on both the service consumers’ as well as on the service
providers’ opinion on the value and about revenue streams of Cloud-based services.
However, the findings are limited to insights that contribute to facilitate Cloud-based
HPC service provisioning among higher education institutions. ETH Zurich has already
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received enquiries for the usage of HPC services from public and private organizations.
Because of technical, legal, and regulatory issues, only few of these requests have been
granted. Future research could focus on incentive schemes, legal and regulatory
aspects, and technological requirements to enable service exchange among organiza-
tions. Another challenge for future research is the specialization of big computers
through co-design for specific problems. Top performance for a reasonable amount of
money can only be achieved through a systematic balance of hardware and software.
The general purpose computer cannot provide the power needed to solve the most
complex problems e.g. in chemistry and climate science. Finally, some of the findings
of this study could be tested and transferred to other public organizations.

We assume that the importance of services will increase at ETH Zurich especially
in the area of HPC [26]. Therefore, there might be an overemphasis on service pro-
visioning in the assessment of revenue streams. Future work could discuss the possible
relation between the specific use (e.g., experimentation, storage) and the suitable
revenue stream.

Finally, it should be considered that HPC service provisioning can no longer be
subsidized the way it used to be. The rapid increase in the demand of computing
resources has pushed higher education institutions to their limits in terms of computing
service provisioning and its financing. Decision makers need to reflect on the different
types of consumers and their ties to the national infrastructure.
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