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Abstract

Electronic Services become more and more important for our daily life. News and communication services
are among the most prominent examples that drastically transformed the way we keep ourselves informed
and relate to each other. But new application areas for electronic services such as grid computing, security
and surveillance, ambient assisted living, or intelligent facility management especially with focus on energy
optimization are already emerging. All these services are tradeable goods meant to add value to our daily
life and thus come at a price. This is why in this paper we focus on research done and future research on
mechanisms for trading services. Our main claim is that different types of services need different types of
trading mechanisms. Thus, at first we classify electronic services into different categories and then describe
suitbale trading mechanisms for each of these categories. Despite the work done already, a lot of additional
research has to be accomplished in this particular field. We therefore conclude our paper with a roadmap
for future research on how to trade services.
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1 Introduction

The dynamic allocation and pricing of IT services has
become an important application domain for market
mechanisms, in particular for auctions. As IT ser-
vices are becoming increasingly standardized, there
is a trend towards the dynamic sourcing of IT ser-
vices from specialized service providers that econ-
omize on scale and scope (Rappa, 2004). Ama-
zon’s Elastic Compute Cloud (http://aws.amazon.
com/ec2), Sun Microsystem’s network.com (http://
www.network.com) and Salesforce’s force.com (http:
//www.force.com) are prominent precursors of this
trend. The potential benefits of computing services
are straightforward: lower fixed costs for hardware,
software licenses and maintenance, less energy con-
sumption for electricity and cooling, state-of-the-art
services, and a focus on key competencies, processes
and products.

Furthermore we claim that in future different types

of services such as those for ambient assisted liv-
ing, facility management, energy optimization, or
surveillance and security will be combined and ex-
ecuted on unified generic operation platforms. These
platforms serve as a technical foundation for ser-
vices to run on and mainly provide common ac-
cess to sensor and actor infrastructures as well as
to communication facilities while enforcing authen-
tication and authorization constraints. Already to-
day a first generation of service market places such
as http://www.strikeiron.com is established where
different types of services (ranging from simple IP-
lookups to complex creditworthiness checks) with dif-
ferent business models are offered at different prices
to different types of consumers. We believe that
more of these market places will evolve and that they
will become ever more integrated into our daily life.
Thus sometimes in future we will probably be able
to decide spontaneously which entertainment, infor-
mation, communication, energy optimization or other
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services to consume sitting in our living rooms, which
are then equipped with new human computer inter-
faces that seamlessly integrate into our daily life.

This is the reason why in this paper we aim at de-
scribing the current status in the design of market
mechanisms that we see as key-enablers for the ef-
ficient trading of such services. Our main claim is,
that different types of market mechanisms have to be
developed for different types of services. Moreover,
we want to highlight important – and from our point
of view – not yet resolved issues in the context of ser-
vice trading, which may serve as a roadmap for future
research.

This paper is structured as follows. In Section 2 we
describe a basic classification scheme for distinguish-
ing three different types and layers of IT services in a
Service Decomposition Model. In Section 3 we sum-
marize the most important requirements that arise
when designing market mechanisms for such service
settings and we briefly outline three different scenar-
ios for the application of such service trading mech-
anisms. At the core of this paper, in Section 4 we
propose a roadmap for future research in the trading
of services to increase awareness and stir up discus-
sion on this topic.

2 Classification of Services

In this section we give a thorough classification of
groups of services that share common characteris-
tics from a technical and economic perspective as
depicted in Figure 1. Our Service Decomposition
Model is based on a classification by Blau & Schni-
zler (2008). Our model distinguishes three different
service layers: Utility Services, Elementary Services
and Complex Services.

2.1 Utility Services

Utility Services reflect a vision where (IT) services
can be accessed dynamically in analogy to electric-
ity and water: “Utility computing is the on-demand
delivery of infrastructure, applications, and business
processes in a security-rich, shared, scalable, and
standards-based computer environment over the In-
ternet for a fee. Customers will tap into IT re-
sources – and pay for them – as easily as they now

get their electricity or water.” (Rappa, 2004) Ac-
cording to Rappa, utilities are characterized by ne-
cessity, reliability, ease of use, fluctuating utilization
patterns, and economies of scale. Rappa suggests to
base pricing in utility computing on metering usage
(also coined “pay-what-you-use” or “pay-as-you-go”),
as is the case with classic utilities such as water, tele-
phone and Internet access. With the fast rise of en-
ergy prices, the meaning of utility services is even ex-
tended back to the roots where the name originally
came from: Chase et al. (2001) describe how basic
computing services in hosting centers need to be man-
aged explicitly taking into account energy consump-
tion as a relevant optimization criterion. Bianchini &
Rajamony (2004) describe how “heterogeneous server
clusters can be made more efficient by conserving
power and energy while exploiting information from
the service level, such as request priorities established
by service-level agreements” while Moore et al. (2008)
propose even temperature aware computing solutions
for data centers.

One can easily see that for most of the utility ser-
vices a separate and independent trading would lead
to inefficient results as in such a case, individuals
could for example be allocated with computing re-
sources on one market without being able to acquire
the necessary energy resources on the other or vice
versa. Furthermore if services that make a difference
on the outcome are not priced properly, inefficient al-
locations are inevitable. If for example waste heat
produced by data centers would have a market price
it would no longer be disposed to the atmosphere.
Instead low prices for waste heat would attract busi-
nesses that are in need of heat and that are willing to
pay a certain price for it as long as it remains below
their own reservation cost. But even if not such busi-
nesses exist, in a concrete case, one could still think of
using the waste heat as input for absorption coolers
that are able to turn at least parts of this (valuable)
waste heat into (valuable) cooling energy, which in
turn could be used within the data center again.

However, even in this metered model, prices are
temporarily static and do not fully reflect the dy-
namics of demand and supply. Moreover, setting ap-
propriate prices is a complex task for utility service
providers. This is where we think (auction) markets
in combination with electronic bidding agents should
come into play as the former are an efficient instru-
ment of determining prices based on demand and sup-
ply while the latter provide the level of automation
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Figure 1: Service Decomposition Model

needed for a wide adoption in practice.

2.2 Elementary Services

Elementary Services provide basic functionality such
as virtualization of physical resources or interme-
diation services. They can be fully described by
well-defined interfaces consisting of simple attributes
such as throughput, response time or reliability that
are specified through well-established standards such
as WSDL. Therefore elementary services yield clear
semantics of input and output capabilities. From
an economic perspective a lot of research has been
done in the field of market mechanisms for trading
homogenous services in different environments such
as the Web or in Grids. Here market mechanisms
are deemed promising since they induce service re-
questers to make more efficient use of scarce resources
(e.g. distributing demand across time if prices are
high) (Lai, 2005). Moreover, resource owners have
an incentive to contribute to Grids in return for the
market price.

2.3 Complex Services

Services in this layer are characterized by high de-
gree of specialization and heterogeneity. Description
of complex services in a standardized manner can

hardly be accomplished using well-established for-
malisms and therefore demands for ontology-based
description frameworks as introduced by Blau et al.
(2008); Lamparter et al. (2007). Complex Services
facilitate a vast variety of elementary services com-
bined into a network topology that is shaped by ser-
vice configurations, interrelations and dependencies.
Functionality of multiple sub-services offered by dif-
ferent decentralized providers contributes to value-
added complex services fulfilling an overall goal. An
example for a complex service is an enterprise ser-
vice as part of a software-as-a-service business model
that offers the realization of a complete business sce-
nario consisting of interdependent processes such as
procurement or service order processing. Another
example is a video surveillance service, which re-
quires sub-services for capturing, analyzing, and stor-
ing video streams (http://www.sorma-project.eu).
Research with respect to description frameworks and
market mechanisms for trading complex services is
still in its infancy and consequently needs thorough
investigation.

3 Requirement Analysis

In this section we provide an overview of requirements
that trading mechanisms for different types of ser-
vices commonly have to fulfill. These requirement
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are divided into two different categories, (i) domain-
specific requirements (based on empirical evidence)
that target practical and applicability issues and (ii)
economic requirements that address desirable mech-
anism properties and theoretical aspects (cf. Parkes
(2001); Jackson (2003)). Subsequently, for each of
the service layers depicted in Figure 1, we shortly
describe an exemplary market mechanism used to al-
locate and price services from the respective layer and
highlight the most important requirements for each
scenario.

3.1 Domain-specific requirements

Requirement 1 Computational tractability:
The market outcome (allocations and prices) need
to be determined in polynomial runtime in the size
of the market input, that is the number of service
requests and offers.

Requirement 2 Combinatorics: Service re-
questers oftentimes need combinations of services.
Only obtaining a subset of such a combination is
of no value and reduces the likelihood of efficient
allocations. Reducing the “exposure” risk for bidders
is thus desirable (Rothkopf et al., 1998).

Requirement 3 Time constraints: Service re-
questers and providers must be able to specify time
constraints, e.g. to support advance reservation and
service level guarantees. Furthermore, with time con-
straints in place, different prices for the the same ser-
vice offered at different times might evolve. This sets
an incentive to service consumers to avoid high price
time slots where possible while service providers are
stimulated to provide more of their services during
these times. Some studies e.g. in the utility business
indicate that such a time aware trading of services can
lead to load shifting bahavior and thus a better level-
ing of the service production and consumption overall
(Strapp et al., 2007).

Requirement 4 Technical feasibility Market al-
locations have to be compliant with technical bound-
aries. Capacity limitations of (computer or electric-
ity) grids may for example render a market alloca-
tion where demand and supply from opposite sites of
the network are matched infeasible as it would over-
stretch existing network capacities. Another exam-
ple are ramp-up times for machines that have to be

taken into account when finding market allocations.
The simplest approach to avoid technical difficulties
is to internalize these constraints into the market,
but usually the computational complexity of the mar-
ket mechanisms then increases drastically so that the
problem is only shifted but not eliminated.

Requirement 5 Incomplete Information:
When designing markets we usually assume that all
participants have all relevant information available
to make optimal decisions. In practice this is usually
not the case. The provisioning of real time prices or
real time resource monitoring usually impose serious
technical problems so that technical monitoring
limitations have to be taken into account already
during the design phase of the mechanisms.

Requirement 6 Task Automation: While allo-
cating services through markets can be shown to be
economically efficient, it will also be a tedious task to
service consumers and producers. Thus automating
the trading of services by means of electronic agents
is desirable in order to increase acceptance and thus
adoption in practice.

3.2 Economic requirements

Requirement 7 Allocative efficiency: The mar-
ket should maximize the system’s overall value by al-
locating the most valuable service requests to the most
cost-efficient providers.

Requirement 8 Budget-balance: The market
must be self-sustainable in that it does not need to be
subsidized by outside payments. The payments from
the demand-side of the market must cover the pay-
ments to the service providers.

Requirement 9 Individual rationality: Market
participants must not suffer any loss from participat-
ing in the market.

Requirement 10 Incentive compatibility: In
order to be able to maximize the true allocative ef-
ficiency, service requesters and providers must be in-
duced to truthful reports of their characteristics.
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3.3 Customization and Pricing of
Complex Services

Addressing the issues that come along with cus-
tomization and pricing of complex services, Blau
et al. (2008) propose an ontology framework that fa-
cilitates the design and description process of com-
plex services. This process results in a graph of sub-
service instances that together form a complex service
instance (R2) as depicted in Figure 2.

In order to provide an overall functionality through
a complex service, adequate services from each func-
tional cluster have to be allocated. Each service offer
is fully specified through a set of attributes and inter-
nal costs that the provider has to bear for a service
invocation by a certain predecessor service. Conse-
quently every feasible path from source to sink within
the network yields a valid instantiation of the com-
plex service.
For instance, a finance service that computes the
risk of a portfolio facilitates sub-services that provide
computing, storage and information retrieval func-
tionality. Hence, each functional cluster contains sub-
service offers that provide the same type of function-
ality. Each sub-service provider has to bear inter-
nal costs for service invocation which are depend on
the predecessor service. The service requester wants
to buy a combination of sub-services that satisfies
the overall functionality and yields the highest util-
ity based on her preferences.
Based on such a network Blau et al. design a path
auction that allows service providers to announce
prices for invocation and usage of their services. The
path auction is designed in a way that requesters can
specify multiattribute utility functions that not only
depend on the price but also on non-functional ser-
vice characteristics. The utility accounts for different
aggregation schemes of attributes such as and, aver-
age, minimum, maximum, sum. In such a multiat-
tribute setting the payment scheme induces truthful
revelation (R10) of the reservation prices and all an-
nounced attribute values of the sub-service providers.
This ensures that the – in terms of requesters util-
ity – most efficient complex service satisfying (R7)
and (R9) will be identified and subsequently selected.
Due to the high complexity in combinatorial auctions,
the allocation problem is NP-hard and therefore not
computational feasible which is a major drawback
especially for online mechanisms. Proposed multiat-
tribute path auction implicitly defines feasible combi-

nations of sub-services within the network topology.
This representation of suitable bundles reduces the
combinatorial complexity and consequently enables
a solution of the allocation problem in polynomial
time which meets (R1).

3.4 Market-based Scheduling of Ele-
mentary Computing Services

Grid computing is a computing paradigm where util-
ity services such as CPU and memory are shared
across administrative boundaries, e.g. between en-
terprises and / or scientific computing centers. Or-
ganizations only need to accommodate the basic load
on local resources, which leads to lower hard- and
software expenses and requires less energy for elec-
tricity and cooling. Scheduling becomes a key chal-
lenge in this setting due to its inter-organizational
character and dynamic demand and supply. Mar-
ket mechanisms are deemed promising to lead to effi-
cient resource allocations by explicitly targeting these
characteristics and by providing incentives to con-
tribute idle resources to the grid in return for the
market price. Most computing services are elemen-
tary services since they consist of well-defined re-
sources such as CPU, memory and bandwidth. The
key requirements in this environment are computa-
tional tractability (R1), combinatorics (R2), and a
budget-balanced, individually rational market (R8,
R9). Interactive applications require the timely allo-
cation of bundles of resources (e.g. CPU and mem-
ory). The market must support trading by both re-
source providers and requesters, and must be self-
sustainable. The contribution of Stößer et al. (2007)
is the proposal of a greedy, market-based scheduling
heuristic which achieves this distinct trade-off: it is
designed so as to obtain an approximately efficient
allocation schedule at low computational cost while
accounting for strategic, self-interested users in a het-
erogeneous environment.

Users ususally cannot be expected to continuously
monitor the dynamic market situation and the re-
quirements of the application which is to be exe-
cuted remotely. Hence, a key issue for future research
will be the design and implementation of “intelligent”
tools that assist the users in interacting with the mar-
ket (cf. MacKie-Mason & Wellman (2006)).
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Figure 2: Formal Model of a Complex Service

3.5 Coallocation of utility services

For a long time utility services were considered to
be ubiquitously available and cheap. This perception
has changed recently when energy prices started to
rise strongly (OECD, 2007). Increasing prices make
energy a relevant (cost) factor for the provisioning of
utility services such as CPU power. Sun & Lee (2006)
found in an empirical study that (i) data centers over-
all are highly intensive energy consuming areas, and
(ii) that up to 70% of the total energy consumption
were not devoted to computing but to heating, venti-
lating, air conditioning (HVAC), lighting, and unin-
terruptable power supply (UPS), which is inline with
findings reported by Ziff Davis (2005). Greenberg
et al. (2006) state that ”the energy used by a typical
rack of state-of-the art servers, drawing 20 kilowatts
of power at 10 cents per kWh, uses more than $17,000
per year in electricity.” and a recent report by EPA
(2007) found the energy used by by U.S. servers and
data centers to be ”about 61 billion kilowatt-hours
(kWh) in 2006 (1.5 percent of total U.S. electricity
consumption) for a total electricity cost of about $4.5
billion.

Overall it becomes obvious that trading mecha-
nisms for utility services should not be focused on
IT components like CPU power, disk space, or RAM
only, but in future have to take real utilities such
as power, cooling, or heating into account as well in
order to achieve the goal of providing a given ser-
vice level at minimum overall cost. The key require-
ments for trading utility services are thus technical
feasibility (R4), combinatorics (R2), time constraints
(R3), computational tractability (R1), and – for a

wide adoption – automation (R6). As with the other
services, the market should be designed to be budget-
balanced, individually rational and allocative efficient
(R8, R9, R7) in order to ensure the overall efficiency
of this trading scheme. The contribution of Block
et al. (2008) is a mechanism for trading basic utility
services in small scale grid infrastructures, explicitly
taking technical constraints such as minimum and
maximum load levels or bundling requirements (in
particular for cogenerated power and heat resources)
into account.

4 Roadmap for future research

All examples described in the previous section meet
only subsets of the aforementioned requirements,
thus in this section we describe some of the issues
that have to be taken into account when trading ser-
vices but that have not been properly researched and
integrated into existing trading mechanisms.

4.1 Market Concatenation

As introduced in Section 3, there can be multiple
market mechanisms both across the layers of our ser-
vice decomposition model as well as within one layer.
Up to now, each of these mechanisms has been in-
vestigated in isolation. But in practice, these mech-
anisms may be closely intertwined. For example, a
mechanism for the pricing of a complex service may
depend on mechanisms for basic and / or utility ser-
vices. An interesting question for future research may
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thus be to model and investigate these dependencies:
How does strategic behavior change if a user acts on
multiple markets at the same time? And how does
the computational complexity of the markets on one
service layer affect the tractability of the markets on
another service layer?

4.2 Pricing of Complex Services

The heterogenic character of complex services as dis-
cussed in Section 2 implies many challenges when
it comes to provision and price determination. Es-
pecially in a distributed environment, where de-
centralized providers contribute to the functional-
ity of complex services, prices are difficult to de-
termine. Self-interested participants in a value cre-
ation network that forms a complex service follow and
adapt strategies that maximize their individual util-
ity without willingly contributing to the overall goal.
Hence, incentive schemes implemented by adequate
mechanisms have to be designed addressing these is-
sues. Furthermore the strategic behavior of service
providers and requesters in such a market requires
intense investigation to understand the implications
of mechanism design decisions.

4.3 Requirement Engineering

In Section 3, we introduced both technical and
economic requirements which a mechanism for ser-
vice trading should ideally satisfy. Historically,
mechanism design research has mainly focused
on the economic properties and produced vari-
ous impossibility and possibility results, such as
the prominent Gibbard-Satterthwaite and Myerson-
Satterthwaite impossibility theorems and Groves
mechanisms (Parkes, 2001). In the last decade,
the area of algorithmic mechanism design introduced
domain-specific requirements, in particular focusing
on combinatorial auctions and computational aspects
as well as the interrelation with the economic require-
ments (cf. Nisan et al. (2007)).

We see at least two important questions with re-
spect to the increasing complexity of the problem
space in designing market mechanisms:

• How should the domain-dependent and the eco-
nomic properties be balanced? Oftentimes a

trade-off between various requirements is inher-
ent to the problem. Real-life markets cannot ab-
stract from the technical peculiarities of their ap-
plication domain and thus must explicitly cope
with all constraints no matter if they are of tech-
nical and economical nature.

• In previous research, the focus was often on in-
centive issues. But is this really the most impor-
tant requirement, given the bounded rationality
and irrationality of users and the complexity of
their (real-life) strategy space?

4.4 Preference Elicitation and Auto-
mated Bidding

While market mechanisms exhibit compelling fea-
tures, two important building blocks are missing in
both theory and practice which hampers their use:
preference elicitation and automated trading. It is a
complex burden for both users and providers to (i)
assess their true valuation for a certain service and
combination of services and to (ii) efficiently commu-
nicate this valuation to the market.

Probably the largest body of research on prefer-
ence elicitation in auction-based systems stems from
the domain of combinatorial auctions (cf. (Conen &
Sandholm, 2001; Zinkevich et al., 2003; Parkes, 2005;
Nisan & Segal, 2005)). However, this previous work
focuses on a separate issue: If users know their valu-
ation, but communication between the users and the
market is costly, how to efficiently query users for
their valuations given the specific structure of the
underlying allocation problem. Different from this
literature, we use the term preference elicitation to
denote the users’ problem of determining their true
valuation, i.e. questions such as “What am I willing
to pay for using a server with application X, a dual-
core processor and 2 GB of memory for one hour?”
or “How much compensation do I expect if I agree to
postpone a certain part of my planned energy con-
sumption to a later point in time accepting that a
certain machine has to suspend operation for that
amount of time?”. There is currently not much re-
search available in this area, which is surprising as it
is a prerequisite for any market-based approach.

MacKie-Mason & Wellman (2006) study the au-
tomation of the user-market interaction by means
of trading agents. By equipping users with such
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(at least partially) automated tools, the communi-
cation with the market can be drastically simplified
since human users do not constantly need to monitor
the market outcome and update their requests. One
prominent outcome of this research is the TAC trad-
ing agent competition (http://www.sics.se/tac/)
where research teams compete in designing trading
agents for a specific market mechanism.

Another approach worthwhile some further re-
search would be the combination of existing pref-
erence elicitation techniques. One could for exam-
ple try to forecast energy consumption profiles using
statistical methods like exponential smoothing or re-
gression models and try to further enhance these re-
sults through conjoint analysis. Popular techniques
for estimating a user’s valuation for a certain good or
service are Conjoint Analyses (Luce & Tukey, 1964;
Green & Rao, 1971) and the Analytical Hierarchy
Process (Saaty, 1990). The main problem with these
approaches is that they quickly become infeasible
with increasing numbers of service attributes and at-
tribute values. This is exacerbated by the large num-
ber of transactions especially in markets for elemen-
tary services.

In summary, hitherto there has been neither re-
search that tries to combine the issues of prefer-
ence elicitation and automated trading from the
user’s perspective nor research that tries to find suit-
able (graphical) representations of the basic problem
which supports users in explaining their preferences
easily.

4.5 Reputation Mechanisms

Research in the design of market mechanisms as-
sumes the ex post compliance of market participants;
after the mechanism has determined the allocation
and the resulting pricing, market participants are as-
sumed to adhere to the market’s decisions. In re-
ality, however, this is not self-evident due to moral
hazard problems. Consequently, there is a need for
reputation mechanisms which induce the participants
to “truthful” ex post behavior after the market has
cleared (Resnick et al., 2000; Bolton et al., 2002; Del-
larocas, 2003), as opposed to the market mechanism
which aims at inducing truthful bidding. However,
analogously to the mechanism design problem, an-
other layer of complexity is added by the character-
istics of the application domain at hand. In com-
putational grids, for instance, when a job fails or a

wrong result is returned to the user, it is hard to
detect whether this was due to intentional misbehav-
ior of the resource provider or due to technical rea-
sons which are neither controlled by the user nor the
provider, programming errors of the user etc. An im-
portant challenge will thus be the design of reputation
mechanisms which are tailored towards the specifics
of the application scenario and which need to be in-
tertwined with the design of the market mechanism
to ensure “truthful” overall behavior to avoid market
failure.
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