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How to Coordinate Value  
Generation in Service Networks –  
A Mechanism Design Approach
The authors present a mathematical model for Service Value Networks (SVNs) describing the 
main components and their interdependencies. To coordinate distributed activities in SVNs, 
they present a scalable multidimensional auction mechanism that enables the allocation and 
pricing of complex services. The mechanism and its bidding language support the multidi-
mensional description of QoS attributes, their (semantic) aggregation and enforcement. It is 
analytically shown that the mechanism is incentive compatible with respect to all dimensions 
of service providers’ bids, i.e. truth-revelation of QoS attributes and private valuations is an 
equilibrium in weakly dominant strategies. Based on these results, the authors numerically ana-
lyze strategic behavior of participating service providers regarding possible collusion strategies.
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1 Introduction

The paradigm shift from a product- to 
a service-oriented economy fosters 
the movement of complete industries 
from vertical integration to horizontal 
specialization. Hierarchically organized 
firms start to cooperate in firmly-coupled 
strategic networks with stable inter-orga-
nizational ties, recently exploring the ben-
efits of moving to more loosely-coupled 
configurations of legally independent 
firms. In theory, complex products or 
services can be produced by a single verti-
cally integrated company. But in this case 
the company is not able to focus on its core 
competencies, having to cover the whole 
spectrum of the value chain. Also, it has 
to burden all risks in a complex, changing 
and uncertain environment on its own. 
This is why companies tend to engage 
in network value creation which allows 
participants to focus on their strengths. At 
the same time rapid innovation in the ICT 
sector enables promising opportunities in 
B2B communication which also supports 
the current trend. However, especially in 
complex and highly dynamic industries, 
forming value networks – especially 
business webs with their open structure 
– is more than an attractive strategic 
alternative. Prominent advocates of this 
new paradigm are Hagel (1996), Tapscott 
et al. (2000), and Zerdick et al. (2004). As 
Tapscott et al. (2000) express it, business 

webs bring together mutually networked, 
permanently changing legally indepen-
dent actors in customer centric, mostly 
heterarchical organizational forms in 
order to create (joint) value for customers. 
Specialized firms co-opetitively contribute 
modules to an overall value proposition 
in the presence of network externalities. 
We briefly outline the advantages of busi-
ness webs related to modularization and 
specialization (Zerdick et al. 2000):
j�C1. Concentration on core competen-

cies strengthens specialization
j�C2. Sharing the risk involved
j�C3. High level of flexibility
j�C4. Modularization brings potential 

for innovation and allows for rapid 
market penetration

j�C5. Fruitful interplay of competition 
and partnership

A prime example for such highly dynamic 
fields of application is the Internet of 
services. Vendors turn into service pro-
viders, benefiting from the capabilities of 
Internet standards and interoperability. 
Today’s software-as-a-service (SaaS) 
and Web service market already shows 
the way towards an Internet of services. 
While providers already offer both simple1 
and sophisticated2 on-demand services 

�	 Cp.	e.g.	Amazon’s	Simple	Storage	Service	S3	
(http://aws.amazon.com/s3)	or	Google’s	map	
service	Google	Maps	(http://maps.google.com).
�	 Cp.	e.g.	Salesforce	CRM	(http://www.salesforce.
com/)	or	Netsuite	(http://www.netsuite.com).
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individually, they increasingly modular-
ize their core competencies in service 
value networks (SVNs) in order to offer 
joint complex services which meet specific 
customer requests. As one of the pioneers, 
Salesforce.com’s AppExchange3 mar-
ketplace offers a range of pre-integrated 
complementary services provided by 3rd 
party providers grouped around the core 
service Salesforce CRM. However, there is 
still a research gap in respect to the joint 
provisioning of composite services that 
are independent from a core service. This 
gap is intended to be filled by TEXO4 as 
a research project, within the THESEUS 
research program initiated by the Federal 
Ministry of Economy and Technology 
(BMWi). Within the THESEUS program, 
TEXO contributes to service economies 
by creating infrastructure components 
for SVNs in the Internet of Services. Via 
intuitive interfaces and technical systems 
TEXO addresses the full lifecycle of these 
services from innovation to productive 
usage. Addressing these demands requires 
an interdisciplinary approach to create an 
integrated platform for the internet of 
services which supports all phases of the 
lifecycle. For all stakeholders and par-
ticipants in such a service value network, 
innovative business models which are as 
flexible as the network itself are required.

Auctions have proven to perform well 
under these conditions to coordinate 
value generation while addressing men-
tioned network characteristics. Neverthe-
less, traditional approaches in the area of 
multiattribute combinatorial auctions are 
not quite suitable to enable the trade of 
composite services. Auctions for compos-
ite services are much more complex than 
simple procuring auctions, where the sup-
pliers themselves offer a full solution to 
the procurer. In composite services this 
is not the case, as a flawless service exe-
cution and therefore the requester’s val-
uation highly depends on the accurate 
sequence of its functional parts, meaning 
that in contrary to service bundles, com-
posite services only generate value through 
a valid order of their components.

As a coordination mechanism in net-
work economies we propose a multidi-
mensional procurement auction for trad-
ing composite services. We present a 
graph-based model that captures the main 
components and characteristics of service 

3	 http://www.salesforce.com/appexchange
�	 http://theseus-programm.de/scenarios/en/texo																		

value networks. Based on this model we 
have introduced a mechanism design that 
enables allocation and pricing of service 
components that together form a requested 
complex service. The mechanism is capa-
ble of handling a wide range of aggrega-
tion operations for service attributes also 
supporting rich semantic approaches for 
dealing with complex non-functional ser-
vice specifications. Due to the combinato-
rial restrictions imposed by the underly-
ing graph topology the winner determina-
tion problem can be solved in polynomial 
time which is a crucial issue when it comes 
to implementing online systems. We fur-
thermore show that the proposed mech-
anism is individually rational, allocation 
efficient and incentive compatible with 
respect to QoS characteristics and prices 
of service offers. Hence, reporting the true 
type regarding configuration and price is 
a weakly dominant strategy for all service 
providers. Since incentive compatibility 
only holds for a one shot game, we study 
strategic behavior that might improve the 
SP payoffs. The strategic behavior is stud-
ied by means of a simulation-based anal-
ysis of two different strategies for service 
providers within Service Value Networks. 
We analyze two environmental settings, 
a price competitive environment as well 
as competition on basis of service levels. 
Based on our results we discuss strate-
gic recommendations for service provid-
ers depending on how they are situated 
within the network.

This paper is structured as follows: The 
next section gives a brief overview over 
related literature. Section 3 illustrates the 
idea of on-demand service procurement in 
network economies based on an integra-
tion scenario from industry. In Section 4, 
we propose a multidimensional procure-
ment auction for trading composite ser-
vices based on an abstract model to rep-
resent service value networks. The mech-
anism comprehends a multiattribute 
bidding language (Section 4.1) and the 
central allocation function (Section 4.2). 
Section 4.3 demonstrates the expres-
siveness of semantic aggregation of ser-
vice attributes as well as the auction con-
duction by providing a numerical exam-
ple. An extension regarding service level 
guarantees and penalties for non-perfor-
mance is introduced in Section 4.4. In Sec-
tion 5, we analytically show the providers’ 
bidding strategies and valuable proper-
ties of the proposed mechanism. In Sec-
tion 6, we investigate bidding strategies in 

repeated games using a simulation-based 
approach. Section 7 concludes with a sum-
mary, the proof-of-concept realization of 
our approach, and future work.

2 Literature review

Recently, an enormous body of work has 
been done that blurs the border between 
game theory and computer science (Papad-
imitriou 2001) and proposes the design of 
mechanisms and markets analogously 
to traditional engineering approaches 
(Weinhardt et al. 2003). This is especially 
true for the discipline of mechanism design 
that focuses on the problem to coordinate 
self-interested participants in pursuing 
an overall goal (Nisan and Ronen 2001). 
The authors design suitable mechanisms 
to standard optimization problems in the 
area of task scheduling and routing. In 
incentive compatible mechanisms agents 
are incentivized to choose the strategy 
of revealing their true type. Incentive 
compatible mechanisms such as the 
celebrated Vickrey-Clarke-Groves (VCG) 
mechanism are firstly introduced and 
extensively investigated by (Clarke 1971; 
Groves 1973; Vickrey 1961).

Most of the research has been done with 
respect to truth-telling of one-dimen-
sional types. The field of designing incen-
tive compatible mechanisms that induce 
truth-telling of multidimensional proper-
ties of goods or services, still lacks deeper 
research. A thorough analysis and inves-
tigation in the area of multidimensional 
auctions and the design of optimal scor-
ing rules has been done in (Branco 1997, 
Che 1993). The suitability of multiattrib-
ute auctions in procurement scenarios 
and design related issues are investigated 
in Bichler et al. (2005). In Bichler and 
Kalagnanam (2005) the winner determi-
nation problem in configurable multiat-
tribute auctions is investigated from an 
operational research perspective without 
accounting for mechanism design aspects 
such as incentive compatibility. In Parkes 
and Kalagnanam (2002; 2005) the authors 
introduce iterative multiattribute procure-
ment auctions focusing on mechanism 
design issues and solving the multiattrib-
ute allocation problem.

Preferences for multidimensional goods 
and multidimensional types in scoring 
auctions are extensively investigated in 
Asker and Cantillon (2008) and extended 
to combinatorial auctions in Müller et al. 
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(2007). Nevertheless their work does not 
consider value chains and sequences of 
services as well as their technically feasi-
ble interrelations in order to coordinate 
value generation in service networks. All 
of these approaches assume bundles of 
goods in scenarios where the sequence 
and order does not matter and therefore 
cannot be applied to composite services 
that only fulfill their objectives in the right 
sequence of execution.

Nevertheless, combinatorial auctions 
yield major drawbacks regarding compu-
tational feasibility that result from an NP-
complete complexity. Computational fea-
sibility implies a trade-off between opti-
mality and valuable mechanism prop-
erties such as incentive compatibility. 
Several authors propose approximate 
solutions for incentive compatible mech-
anisms to overcome issues of computa-
tional complexity (Nisan and Ronen 2007; 
Ronen 2001; Ronen and Lehmann 2005). 
Path auctions as a subset of combinatorial 
auctions reduce complexity through pre-
defining all feasible service combinations 
in an underlying graph topology and are 
investigated in Archer and Tardos (2007), 
Feigenbaum et al. (2006), and Hershberger 
and Suri (2001). In their work, path auc-
tions are utilized for pricing and routing 
in networks of resources such as compu-
tation or electricity. Application-related 
issues of auctions to optimal routing are 
examined by Feldman et al. (2005) and 
Maille and Tuffin (2007). All of these 
approaches deal with the utility services 
layer according to the service classifica-
tion in Blau et al. (2008a) and hence do 
not cover the problems related to complex 
services.

3 Business scenario

To illustrate the idea of a service value 
network we introduce a business scenario 

which is actually delivered to customers 
as part of SAP’s BusinessByDesign5. The 
scenario consists of modular service 
components that can be provided by 
decentralized service providers. The 
integration scenario “Service Request 
and Order Management” (Fig. 1) describes 
operational processes in a customer service 
based on service requests, service orders 
and service confirmations. From an end-
to-end perspective the scenario includes 
the integration into related applications 
such as logistics planning and execution, 
invoicing and payment, as well as financial 
accounting.

A service value network is formed by my 
decentralized service providers that con-
tribute to the achievement of an overall 
goal. In our scenario this goal is the flaw-
less execution of a business scenario in 
order to provide defined functionality to 
the customer. From now on we call this 
overall goal a complex service. Recalling 
the main characteristics of service value 
networks there are many service providers 
that offer differentiated and specialized 
services covering various types of func-
tionality within the network. In our sce-
nario the functionality of each component 
can be modularized and therefore per-
formed by different software-as-a-service 
providers as depicted in Tab. 1. The rapid 
upcoming of on-demand service providers 
shows the high degree of innovation and 
market penetration as a result of modular-
ization (C4). Service providers offer spe-
cialized services and concentrate on their 
core competencies (C1). Each service pro-
vider is responsible for a certain part of the 
overall functionality which consequently 
spreads the risk of an erroneous business 
process over all contributing service pro-
viders (C2). Furthermore they partly grant 
access to their own resource support-

�	 http://www.sap.
com/solutions/sme/businessbydesign/

ing the realization of the overall business 
scenario (C5). The potential of substitut-
ing service providers on demand enables 
flexibility and rapid reaction to changing 
market requirements (C3).

4 Abstract model and 
mechanism implementation

A SVN is described by means of a simpli-
fied statechart model (Harel and Naamad 
1996) and is aligned with the representa-
tion in Zeng et al. (2003). Statecharts have 
proven to be the preferred choice for speci-
fying process models as they expose well-
defined semantics and they provide flow 
constructs offered by prominent process 
modeling languages (e.g. WS-BPEL) and 
therefore allow for simple serialization in 
standardized formalisms.

Hence, a SVN is represented by an K-
partite, directed and acyclic graph G = (V, 
E). Each partition Y1, …, YK of the graph 
represents a candidate pool that entails 
service offers that provide the same (busi-
ness) functionality. The set of N nodes 
V = {v1, …, vN} represents the set of service 
offers6 with u, v, i, j being arbitrary service 
offers. There are two designated nodes vs 
and vf that stand for source and sink in 
the network and are not part of any par-
tition Y ∈ Y , hence V = {Y1 ∪…∪ YK} ∪   
{Vs, Vf}. Services are offered by a set of Q 
service providers S = {s1, …, sQ} with s is 
an arbitrary service provider. The own-
ership information σ : S → P (V \ {vs, vf}) 
that reveals which service provider owns 
which services within the network is pub-
lic knowledge7. The set of edges E = {eij|i, 
j ∈V} denotes technically feasible service 
composition such that eij represents an 

�	 For	the	reader‘s	convenience	the	terms	service 
offer,	service	and	node	are	used	interchangeably
�	 The	reverse	ownership	information	σ−�:V\{vs,	
vf}	→	S	maps	service	offers	to	single	service	
providers	that	own	that	particular	service
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Fig. 1 Business process “Service Request and Order Management”
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interoperable connection of service i ∈ V 
with service j ∈ V8. If two services are not 
interoperable at all, they are not connected 
within the network.

A servicekonfiguration Aj of service j ∈ V 
is fully characterized by a vector of attri-
butes Aj = (aj

1    , …, aj
L    ) where aj

l     is an 
attribute value of attribute type l ∈ L  of 
service j’s configuration. Attribute types 
can be either functional attribute types or 
non-functional attribute types (e.g. avail-
ability or privacy). A service’s configu-
ration represents the quality level pro-
vided and differentiates its offering from 
other services. According to Lamparter et 
al. (2007), a service configuration can be 
defined as follows:

Definition 1. Service configuration.
A service configuration Aj of a service 
j ∈ V selects a value aj

l for each attri-
bute type l ∈ L  of a service and thereby 
unambiguously defines all relevant 
service characteristics. The choice of 
configuration might affect the func-
tional and non-functional aspects of a 
service and is a major determinant of 
the price.

Value is created through the network by 
performing a sequence of services that 
form a connected path from source to 
sink. We call such created value a complex 
service. Let F denote the set of all feasible 
paths from source to sink. Every f ∈ F with 
f ⊂ E represents a possible instantiation of 
the complex service9.

In our model we focus on the core pro-
cess of realizing the overall goal without 
going into process-related details such as 
parallel or cyclic components. We apply a 
business and management-oriented view 
addressing the question of how an over-
all goal can be achieved maximizing the 
systems welfare and to dynamically deter-
mine prices (Fig. 2).

4.1 Bidding language

As a formalization of information objects 
which are exchanged during auction con-
duction we introduce a bidding language 

�	 For	the	reader‘s	convenience	the	notion	eij	is	
equivalent	to	evivj

	representing	an	interoperable	
connection	of	service	i	∈	V	with	service	j	∈	V.
�	 Focusing	on	the	presence	or	absence	of	a	
particular	service	i		∈		V,	F

−i	represents	the	set	
of	all	feasible	paths	from	source	to	sink	in	the	
reduced	graph	G

−i	without	node	i	and	without	
all	its	incoming	and	outgoing	edges.	In	contrary,	
let	Fi	be	the	subset	of	all	feasible	paths	from	
source	to	sink	that	explicitly	entail	node	i.

based on bidding languages for products 
with multiple attributes as discussed in 
(Engel et al. 2006).

A service requester wants to purchase 
a complex service f which is character-
ized by a configuration Af .. The impor-
tance of certain attributes and prices of 
a requested complex service is idiosyn-
cratic and depends on the preferences of 
the requester. The requester’s preferences 
are represented by a utility function uR of 
the form:
UR

f (α, Λ, A, P) = αS (Af ) − Tf

Tf  denotes the sum of all transfer pay-
ments the requester has to transact to 
service providers that contribute to the 
complex service such that Tf =

�
s∈S

ts.. The 
configuration Af  of the complex service 
is the aggregation of all attribute values of 
contributing services on the path f such 
that Af =

�
A1

f , . . . , AL
f

�
 with Al

f = ⊕eij∈fal
j ..  

The aggregation of attributes values 
depends on their type (i.e. encryption 
can be aggregated by an AND operator 
whereas response time is aggregated by 
a sum operator). Different methods for 
aggregating service attributes are pre-
sented in detail in Section 4.3.

The scoring rule S (Af ) =
�

L�
l=1

λ1

���Al
f

���
�

 rep-
resents the requester’s valuation for a con-
figuration Af  of the complex service rep-
resented by path f. The scoring rule is 
specified by a set of weights Λ = {λ1, …, 
λL} with �L

l=1 λl = 1  that defines the 
requester’s preferences of each attribute 
type analog to the definition of scoring 
rules in Asker and Cantillon (2008). To 
assure comparability of attribute values 
from different attribute types the aggre-
gated attribute values Al

f  are mapped on 
an interval [0;1]. Tf  represents the over-
all price of the complex service. α can be 
interpreted as the willingness to pay for 
a optimal configuration S (Af ) = 1 based 
on the requester’s score. In other words α 
defines the substitution rate between con-
figuration and price based on the request-
er’s preferences.

Definition 2.Multiattribute service 
request.
A request for a complex service is a 
vector of the form
R := (G, F, α, Λ, Γ)

with G represents a complex service 
network, F represents all feasible 
paths from source to sink that form 
a possible instantiation of a complex 
service, Λthe requester’s preferences 
and αthe willingness to pay. Γ denotes 
the set of lower and upper boundaries 
for each attribute type.

A service offer consists of an announced 
service configuration Aj and a correspond-
ing price bid pij that a service provider 
wants to charge for service j being invoked 
depending on the predecessor service i 
such that bij(eij) = (Aj, pij) is a service offer 
bid for invocation of service j which is 
interoperable with a predecessor service i 
with b:E → A × R. A service provider s bids 
for all incoming edges to every service it 
owns.

Definition 3. Multiattribute service 
offer.
A multiattribute service offer is a bid 
matrix of the form

Bs :=
�

bij (eij) = (Aj , pij) , i ∈ τ(j), j ∈ σ(s)�
Ā, −∞

�
otherwise

Bs :=
�

bij (eij) = (Aj , pij) , i ∈ τ(j), j ∈ σ(s)�
Ā, −∞

�
otherwise

with τ(v) denotes the set of all pre-
decessor services to service v with τ:
V → V and σ(s) the set of all services 
owned by service provider s. Ā  is an 
arbitrary configuration.

4.2 Mechanism implementation

The mechanism maximizes welfare by 
allocating a path f* within the service 
value network that yields the highest over-
all utility. Let Uf  denote welfare induced 
by path f with Uf = αS(Af ) − Pf .

o := arg maxf∈FUf

Tab. 1 SaaS providers for CRM, SCM and FIN components and their functional 
coverage

crM scM FiN

Salesforce		
(http://www.salesforce.com/)

GXS	(http://www.gxs.com/) Cashview		
(http://www.cashview.com/)

Rightnow		
(http://www.rightnow.com/)

�Hills		
(http://www.�hillsbiz.com/)

Opsource		
(http://www.opsource.net/)

Oracle	(http://www.oracle.
com/crmondemand/)

Intacct	(http://www.intact.com/)

SAP	(http://www.sap.com/solutions/sme/businessbydesign/)
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Let U∗  denote the utility of the winning 
path meaning the utility of a path f* that 
maximizes welfare10. Let U∗

−s denote the 
utility of a path f−s* that yields a maximum 
overall utility in the reduced graph without 
every service owned by service provider s 
and its incoming and outgoing edges.

Every service provider s receives a pay-
ment or transfer ts if s is allocated11 i.e. it 
owns service offers which have incoming 
edges that are on the winning path. A pay-
ment ts for service provider s corresponds 
to the monetary equivalent of the utility 
gap between the “winning path” and “sec-
ond best path”. In other words, a mone-
tary equivalent to the utility service pro-
vider s contributes to the system’s welfare. 
This monetary equivalent represents the 
price that service provider s could have 
charged without losing its participation 
in the allocation.

�0	 For	the	reader‘s	convenience,	the	notion	
U∗ is	short	for	Uo(B) 	which	denotes	the	
overall	utility	of	the	path	f*	allocated	by	
o(B)	based	on	service	providers’	bids.
��	 For	the	sake	of	simplicity,	the	expression	alloca-
ted service offer	means	that	this	service	offer	has	
an	incoming	edge	that	is	entailed	in	the	allocated	
set	of	edges	f*.	Analogously,	the	expression	
allocated service provider	means	that	a	service	
provider	owns	at	least	one	allocated service offer.

Definition 4. Critical value.  
Thecritical value Δtcrit, sof a service 
provider s represents its contribution 
to the system as the difference between 
the overall utility U∗ in the complete 
graph and the overall utility in the 
reduced graph U∗

−s without service 
offers owned by service provider s and 
incoming and outgoing edges of these 
services such that
Δtcrit,s = U∗ − U∗

−s

L e t  Ēs = {eij |eij ∈ o, j ∈ σ(s), i ∈ τ (j)}  
be the set of allocated edges that belong 
to service provider s. Consequently the 
transfer function ts for service provider s 
is defined as

ts :=

� �
j∈σ(s)

�
i∈τ(j)

pij +
�
U∗ − U∗

−s

�
if eij ∈ o

0, otherwise

ts :=

� �
j∈σ(s)

�
i∈τ(j)

pij +
�
U∗ − U∗

−s

�
if eij ∈ o

0, otherwise

Under the assumption of additive and 
monotone aggregation operations, the 
solution to the allocation problem in 
Equation (4) can be computed in poly-
nomial time using well-known graph 
algorithms to determine the “shortest” 
path within a network such as the Dijkstra 
algorithm. The time complexity for an 
extended Dijkstra variant that solves the 
allocation problem is O (|V | + |E|)  with |E| 
is the number of edges and |V| the number 
of nodes within the graph. According to 
the payment scheme in Equation (6), the 

allocation must be computed twice: Based 
on the graph with the service offerings of 
the service provider receiving the payment 
and without its participation. In the second 
case the graph can be pre-processed and 
reduced by all service offerings owned by 
the service provider that receives the pay-
ment. After the reduction the shortest path 
can be computed accordingly which yields 
the same time complexity. In contrary to 
the NP  -complete complexity in general 
combinatorial auctions, this is a valuable 
achievement that enables to conduct our 
auction in online systems.

4.3 aggregation and preference mapping 
of service quality

In order to determine the overall score for 
a provider based on its scoring function, 
the attribute values of the complex service 
have to be computed. Recall that the type 
of function for aggregating attribute value 
highly depends on the attribute type. 
Traditional quality of service attributes 
such as response time for example can be 
aggregated with basic mathematic opera-
tions such a sum operator. Tab. 2 shows 
different types of aggregation functions 
for multiple attribute types exemplarily. 
For example, the overall throughput of a 
complex service that consists of multiple 
service components is determined by the 
lowest throughput rate within the alloca-
tion and can therefore be computed using 
a minimum operator.

Fig. 2 Service value 
network model
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Nevertheless, only considering basic 
quality of service attributes is not suffi-
cient for dealing with complex non-func-
tional service characteristics that express 
rich semantic information. The auction 
mechanism must be capable of aggre-
gating a broad range of descriptive ser-
vice attributes that express multiple qual-
ity aspects. Recalling the business sce-
nario in Section 3 an auction mechanism 
must be capable of supporting a huge vari-
ety of service descriptions and attribute 
types describing highly complex seman-
tic states. For the reader’s convenience we 
reduce the scenario to a minimal setting 
that is sufficient to illustrate the strength 
of semantic service description and attri-
bute aggregation. For detailed informa-
tion on the design of suitable ontologies 
and semantic techniques to describe ser-
vices and enable their trade the interested 
reader should refer to Blau et al. (2008b). 
The following example depicted in Fig. 3 
shows a service value network with four 
service offers and three possible paths 
from source to sink (ftop, fmiddle, fbottom).

For simplicity and without loss of gener-
ality we assume that each service provider 
owns only a single service. Price values on 
the edges represent price bids announced 
by service providers. Each service con-
figuration consists of attribute values for 
the encryption types (aet) and probability 
of success (aps). Attribute values are aggre-
gated according to the aggregation oper-
ations in Table 2. Encryption types are 
derived from the concepts in the security 
algorithm ontology as illustrated in Fig. 4.

The service requester specifies an indi-
vidual encryption attribute type (aie) in 
first order logic:

Individual Encryption(x) ← (BlockCiper(x) ∧ hasKeyLength(x, k)
∧is GreaterOrEqual(k, ‘128’)) ∨ (AsymmetricAlgorithm(x)
∧has key Length(x, k) ∧ is GreaterOrEqual(k, ‘256’))

Individual Encryption(x) ← (BlockCiper(x) ∧ hasKeyLength(x, k)
∧is GreaterOrEqual(k, ‘128’)) ∨ (AsymmetricAlgorithm(x)
∧has key Length(x, k) ∧ is GreaterOrEqual(k, ‘256’))

Individual Encryption(x) ← (BlockCiper(x) ∧ hasKeyLength(x, k)
∧is GreaterOrEqual(k, ‘128’)) ∨ (AsymmetricAlgorithm(x)
∧has key Length(x, k) ∧ is GreaterOrEqual(k, ‘256’))

Individual Encryption(x) ← (BlockCiper(x) ∧ hasKeyLength(x, k)
∧is GreaterOrEqual(k, ‘128’)) ∨ (AsymmetricAlgorithm(x)
∧has key Length(x, k) ∧ is GreaterOrEqual(k, ‘256’))

Individual Encryption(x) ← (BlockCiper(x) ∧ hasKeyLength(x, k)
∧is GreaterOrEqual(k, ‘128’)) ∨ (AsymmetricAlgorithm(x)
∧has key Length(x, k) ∧ is GreaterOrEqual(k, ‘256’))

Individual Encryption(x) ← (BlockCiper(x) ∧ hasKeyLength(x, k)
∧is GreaterOrEqual(k, ‘128’)) ∨ (AsymmetricAlgorithm(x)
∧has key Length(x, k) ∧ is GreaterOrEqual(k, ‘256’))

The service requester furthermore 
announces its willingness to pay and 
weights for each attribute type represent-
ing its scoring function such that λie = 0.2, 
λps = 0.8 and α = 100.

The mechanism allocates service offers 
on a path from source to sink based on 
the service request and announced multi-
attribute offers according to Equation (4). 
The welfare generated by each allocation 
evolves as follows:

U top
f =100 (0.2 (1 ∧ 0) + 0.8 (0.9 × 0.7)) − (13 + 16) = 21.4

Umiddle
f =100 (0.2 (1 ∧ 1) + 0.8 (0.9 × 0.8)) − (13 + 17) = 47.6

Ubottom
f =100 (0.2 (0 ∧ 1) + 0.8 (0.9 × 0.8)) − (10 + 20) = 27.6

U top
f =100 (0.2 (1 ∧ 0) + 0.8 (0.9 × 0.7)) − (13 + 16) = 21.4

Umiddle
f =100 (0.2 (1 ∧ 1) + 0.8 (0.9 × 0.8)) − (13 + 17) = 47.6

Ubottom
f =100 (0.2 (0 ∧ 1) + 0.8 (0.9 × 0.8)) − (10 + 20) = 27.6

U top
f =100 (0.2 (1 ∧ 0) + 0.8 (0.9 × 0.7)) − (13 + 16) = 21.4

Umiddle
f =100 (0.2 (1 ∧ 1) + 0.8 (0.9 × 0.8)) − (13 + 17) = 47.6

Ubottom
f =100 (0.2 (0 ∧ 1) + 0.8 (0.9 × 0.8)) − (10 + 20) = 27.6

U top
f =100 (0.2 (1 ∧ 0) + 0.8 (0.9 × 0.7)) − (13 + 16) = 21.4

Umiddle
f =100 (0.2 (1 ∧ 1) + 0.8 (0.9 × 0.8)) − (13 + 17) = 47.6

Ubottom
f =100 (0.2 (0 ∧ 1) + 0.8 (0.9 × 0.8)) − (10 + 20) = 27.6

U top
f =100 (0.2 (1 ∧ 0) + 0.8 (0.9 × 0.7)) − (13 + 16) = 21.4

Umiddle
f =100 (0.2 (1 ∧ 1) + 0.8 (0.9 × 0.8)) − (13 + 17) = 47.6

Ubottom
f =100 (0.2 (0 ∧ 1) + 0.8 (0.9 × 0.8)) − (10 + 20) = 27.6

U top
f =100 (0.2 (1 ∧ 0) + 0.8 (0.9 × 0.7)) − (13 + 16) = 21.4

Umiddle
f =100 (0.2 (1 ∧ 1) + 0.8 (0.9 × 0.8)) − (13 + 17) = 47.6

Ubottom
f =100 (0.2 (0 ∧ 1) + 0.8 (0.9 × 0.8)) − (10 + 20) = 27.6

Therefore fmiddle is allocated as it yields 
the highest welfare and each service 
provider that owns a service on it receives 
a payment according to Equation (6) 
such that ts1 = 13 + (47.6 − 27.6) = 33  
and ts4 = 17 + (47.6 − 21.4) = 43.2.  The  
transfer is designed to compensate service 
providers for their contribution to the 
system’s welfare which implies that e.g. 
provider s1 could have bid a price of 33 
without having lost its participation in 
the allocation.

4.4 Verification and service level 
enforcement

As introduced in Section 4.1 service pro-
viders’ bids contain a configuration and a 
price component. The allocation function 
maximizes welfare based on the achieved 
quality for the service requester and the 
costs that occur on the producer’s side. 
This shows that the announced quality 
also determines the likelihood of being 
allocated which might induce an incen-
tive for service providers to lie about their 
configuration. Therefore, the proposed 
mechanism is extended with a compensa-
tion function which is explained in detail 
in this section.

Let aj
l be the announced attribute value 

for attribute type l of service j’s configu-
ration. Furthermore let ãl

j
 be the verified 

attribute value for attribute type l realized 
by service j and monitored during exe-

cution. Analogously, Aj and Ãj  denote 
announced and verified configurations 
of service j. In distinguishing between 
announced and verified attribute values, 
the overall utility may also differ. Recall 
that U∗  denotes the ex-ante overall util-
ity of the allocated path f* based on the 
information available in the declaration 
phase. Furthermore, Ũ∗s  denotes the ex-
post overall utility that results from the 
complex service instance formed by allo-
cated service offers on a path f* and based 
on the verified attribute values ã1

j , . . . , ã
l
j  

of all service offers j ∈ σ(s).
Auctioning services based on a plat-

form approach opens up the possibility of 
ex-post verification. This means that the 
actually delivered quality of participat-
ing services can be measured and mon-
itored after execution. Therefore we can 
ex-ante enforce a true announcement of 
quality to be delivered by verifying it ex-
post. According to the Compensation and 
Bonus Mechanism introduced in Nisan 
and Ronen (2001) a compensation func-
tion is constructed as follows
Δtcomp,s :=

�
U∗ − Ũ∗s

�

The compensation function represents the 
utility gap that results from the utility dif-
ference of the announced attribute values 
and the actually performed ones from the 
service requester’s perspective. In other 
words the gap that results from the utility 
loss the systems incurs because of the ser-
vice provider’s untruthful announcement. 
The monetary equivalent to this utility 
gap according to the requester’s prefer-
ences represents the penalty payment the 
service provider has to bear for deviating 
from the announced attribute values. This 
negative consequence can be interpreted 
as a contractual penalty for not realizing 

Tab. 2 Aggregation functions for different types of attributes

attribute type aggregation operation

l ⊕l
eij∈f\{vf}a

l
j

Response	time	(rt)
�

eij∈f\{vf} art
j

Encryption	type	(et) ∧eij∈f\{vf}a
et
j

Error	rate	(er) maxeij∈f\{vf} aer
j

Throughput	(tp) mineij∈f\{vf} atp
j

Probability	of	default	(pd) 1 −
�

eij∈f\{vf}

�
1 − apd

j

�

Probability	of	success	(ps)
�

eij∈f\{vf} aps
j
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specified service-level-agreements as 
defined in Salle and Bartolini (2004). 
Taking the compensation function into 
account the payment function is extended 
as follows:

ts :

� �
j∈σ(s)

�
i∈τ(j)

pij + Δtcrit,s − Δtcomp,s, if eij ∈ o

0 otherwise

ts :

� �
j∈σ(s)

�
i∈τ(j)

pij + Δtcrit,s − Δtcomp,s, if eij ∈ o

0 otherwise

5 Analytical analysis of bidding 
strategies of service providers

The bidding strategy of each service pro-
vider comprehends a price announcement 
and a corresponding service configura-
tion consisting of a set of attribute values 
as introduced in the Section 4.1. In this 
section we analytically analyze providers’ 
bidding strategies in the proposed mecha-
nism implementation:
Corollary 1. For each service provider 
s ∈ S that participates in the proposed 
mechanism with the compensation 
function extension, the transfer tsis 
independent of all dimensions of s’s bids 
(configuration and price). This means 
that for each service offer j ∈ V owned by 
s ∈ S that has an incoming edge which is 
allocated by o such that eij ∈ o with j ∈ σ(s) 
and i ∈ τ(j), service provider s’s payoff is 
independent of all dimensions of its bid 
bij(eij) = (Az,pij).
Proof of Corollary 1. Let F−s denote the 
set of all feasible paths from source to sink 
in the reduced graph G−s without every 
service offer owned by service provider s 
and corresponding incoming and outgo-
ing edges. Let further f* denote the path 
which is allocated by o. Let U∗  be the 

utility of path f*. Let U∗
−s  be the utility of 

path f−s* in the reduced graph G−s. Let Ũ∗s  
denote the overall utility of the allocated 
path f* computed based on the verified 
attribute values ã1

j , . . . , ã
L
j  of the verified 

configurations Ãj  of all service offers 
j ∈ σ(s). Let Ēs  denote the set of edges 
w i t h  Ēs = {eij |eij ∈ o, j ∈ σ(s), i ∈ τ(j)} .  
Distinguishing two possible cases, service 
provider s’s payoff πs evolves as follows.
I.  Ēs = ∅. Service provider s is not allo-

cated. More precisely, none of the 
incoming edges of service offers owned 
by service provider s are allocated by o. 
It follows directly that in this case πs = 0 
independent of s’s price bid.

II.  Ēs = ∅. Service provider s is allocated. 
More precisely, at least one of the 
incoming edges of service offers owned 
by service provider s is allocated by o.

πs = ts − cs

πs =
�

Ēs

pij +
�
U∗ + U∗

−s

�
− Δtcomp,s −

�

Ēs

cij

πs =
�
Ēs

pij +
�
U∗ + U∗

−s

�
−

�
U∗ + Ũ∗s

�
−

�
Ēs

cij

πs =
�

Ēs

pij +
�
Ũ∗s + U∗

−s

�
−

�

Ēs

cij

πs = αS
�
Ãs

f∗

�
−

�
eij |eij∈o,eij /∈Ēs

pij − U∗
−s −

�
Ēs

cij

Equation (9) shows that for each service 
offer j ∈ V owned by s ∈ S that has an 
incoming edge which is allocated by o 
such that eij ∈ o with j ∈ σ(s) and i ∈ τ(j), 
service provider s’s payoff is independent 
of all dimensions of its bid bij(eij) = (Aj,pij).
Theorem 1. For each service provider 
s ∈ S that participates in the proposed 
mechanism with the compensation 
function extension, the bidding strategy 
bij (eij) =

�
Ãj , cij

�
with Ãj =

�
ã1

j , . . . , ã
L
j

�
,  

∀i ∈ τ(j),∀j ∈ σ(s) – truth telling with 

respect to all dimensions of the bid – is a 
weakly dominant strategy.
Proof of theorem 1. Let F−s denote the set 
of all feasible paths from source to sink 
in the reduced graph G−s without every 
service offer owned by service provider s 
and corresponding incoming and outgo-
ing edges. Let further f* denote the path 
which is allocated by o. Let U∗  be the 
utility of path f*. Let U∗

−s  be the utility of 
path f−s* in the reduced graph G−s. Let Ũ∗s  
denote the overall utility of the allocated 
path f* computed based on the verified 
attribute values ã1

j , . . . , ã
L
j  of the verified 

configurations Ãj  of all service offers 
j ∈ σ(s). Let Ēs  denote the set of edges with 
Ēs = {eij |eij ∈ o, j ∈ σ(s), i ∈ τ(j)} . Cor-
ollary 1 shows that the transfer for each 
service provider s ∈ S is independent of all 
dimensions of its bid. In other words, s’s bid 
does not have an impact on its transfer ts 
and its payoff πs respectively. Nevertheless, 
the bidding strategy influences service 
provider s’s chance of being allocated by 
o. Thus, s wants to be allocated iff πs > 0.

Ēs �= ∅ ⇔U∗ > U∗
−s ⇔ πs > 0

U∗ > U∗
−s ⇔

�

Ēs

pij +
�
Ũ∗s − U∗

−s

�
−

�

Ēs

cij > 0

U∗ > U∗
−s ⇔

�
Ēs

pij + Ũ∗s >
�
Ēs

cij + U∗
−s

Equation (10) holds for pij = cij and 
U∗ = Ũ∗s.  According to Corollary 1, if 
Ēs �= ∅,  s is indifferent between any 
other solution that satisfies Equation (10) 
which means that reporting attribute 
values aj

1,…,aj
l truthfully meaning that 

the announced values equal the verified 
ones in the execution phase such that 
al

j = ãl
j∀l ∈ L, ∀j ∈ σ(s) and consequently 

U∗ = Ũ∗s  is a weakly dominant strategy.

Fig. 3 Service value 
network with semantic 
QoS characteristics
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6 Numerical collusion analysis

Incentive compatibility as described in the 
last section is an important characteristic 
for both, the service platform provider as 
well as the service requesters, since it is a 
weakly dominant strategy for the service 
providers to bid their true cost and not 
report higher cost. This property of the 
mechanism does prevent service providers 
from charging an additional margin on 
their cost. Since the payment is indepen-
dent from the own bid but dependent on 
the second highest bid, the winner could 
only be better off if both, winner and 
second highest bidder, somehow cooper-
ated, e.g. if the second highest bidder did 
not report true but higher costs (as long 
as these higher costs were smaller than 
the cost of the third highest bidder). So 
far, we have not analyzed such collusive 
behavior.

The absence of collusive behavior is 
based on some fairly strict assumptions. 
First, we have assumed that the partici-

pants in the auction are not able and not 
allowed to communicate. Second, indirect 
communication is impossible since we 
have studied one shot games in which the 
participants cannot observe the actions of 
the others before the auction is finished. 
Third, providers have no capacity con-
straints. Forth, competition is high, and 
thus, the Vickrey payment is small. What 
might happen if we dropped some of these 
assumptions is to be evaluated in this sec-
tion.

Since direct communication for collu-
sion is illegal in most real situations we fur-
ther keep the first assumption that service 
providers are not allowed and able to com-
municate. However, if a platform provider 
deploys such an allocation mechanism to 
match service offers and requests, the path 
auction is repeatedly used. Repeating such 
an auction is understood as an iterated 
game which gives participants the oppor-
tunity to observe the behavior of the other 
participants. In repeated Bertrand oligop-
olies, there is no need for direct commu-

nication if participants are able to observe 
past prices (Athey and Bagwell 2001).

If explicit communication is not pos-
sible, it is difficult for the colluding par-
ticipants to directly share the surplus, e.g. 
through direct payments. Consequently, 
the colluding service providers can share 
the market in such a way that they alter-
nate in winning the auction, i.e. they rota-
tionally abstain from winning the auction 
in favor of the colluding partner. This is 
possible in such situations where the relin-
quishment of winning the auction is over-
compensated by a higher profit, or in cases 
of constrained capacities, i.e. the provid-
ers are not able to offer services all the 
time (and thus in each auction). There-
fore, we drop the assumption of uncon-
straint capacity.

How could participants collude while 
participating in a set of repeated auctions 
with the described mechanism? It is clear 
from the design of the mechanism that it is 
disadvantageous to report higher costs for 
a service provider who is in the allocation 
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while bidding his true costs. The larger the 
difference in utility between best and sec-
ond best solution, the higher the profit is 
for the service providers on the best path. 
Thus, let SP i submit a bid at true valua-
tion and be allocated. Let SP j submit bids 
above the true valuation and being part of 
the second best allocation. This bidding 
behavior will lead to a higher payment 
for SP i. As such, SP i prefers other SPs to 
submit bids above their true cost. On the 
other hand, for those SP that are not allo-
cated it is beneficial to submit bids at their 
true cost in order to produce a higher util-
ity, and as such, increase the likelihood of 
being allocated.

Since we have dropped the unconstraint 
capacity assumption, it is beneficial for the 
service providers of the best and second 
best allocation to alternately report higher 
costs in order to increase the others’ pay-
ments. We investigate this strategic deci-
sion problem by means of simple agent-
based simulations motivated by the ideas 
in Kimbrough et al. (2004). We implement 
two simple strategies, probe-and-adjust 
(PA) and adjust-dependent-on-own-and-
cluster-return (AOCR) that might be able 
to coordinate themselves without direct 
communication. Both strategies are reac-
tive and do not implement any sophisti-
cated learning algorithm. In so far, we 
follow a pure agent-based approach (van 
Dinther 2007).

6.1 strategies

Each SP has four action alternatives. He 
can either bid the true cost or increase 
the bid up to four times by discrete steps 
at 0.03 currency units. In total each SP 
has five bid alternatives, true cost or true 
cost + i times 0.03 and j ∈ {1,…,4}.

probe and adjust (pa)

The first reactive strategy is called Probe-
and-Adjust. Those SP that are allocated 
increase the bid at one discrete step as long 
as they drop of the best path or they reach 
the upper cost limit (true cost + 0.12 cur-
rency units). All SP which are not allocated 
decrease the bid by one discrete cost step 
until they are either allocated or they bid 
their true cost.

adjust Dependent on Own and cluster 
return (aOcr)

The second reactive strategy considers 
not only the individual return but also the 
market returns of the direct competitors in 
the same functional cluster. This reflects 
the idea that competitors might exploit 
the market by reporting higher costs and 
dividing the profits amongst themselves. 
The aim is to maximize cluster return 
but not on own cost, i.e. we identify four 
cases, (1) actual cluster return is greater 
than the one the round earlier and SP i (a) 
is allocated and (b) SP is not allocated, as 
well as (2) the cluster payment is equal or 
lower than the one the round earlier and 
SP i (a) is allocated and (b) is not allocated 
respectively. Dependent on the described 
situation the SP take the following actions: 
(1a) SP i increases his bid by one discrete 
step, (1b) SP i does not change his bid, 
(2a) SP i does not change his bid, (2b) SP i 
decreases his bid by one discrete step.

6.2 hypothesis development

We study the results of strategic behavior 
under two competitive situations, price 
competition (PC) and quality competition 
(QC). In the price competition scenario 
all SP of one cluster offer their services at 
the same quality level but different price 
levels, i.e. the true costs of the SP differ 
slightly. Since competition takes place 
not only on prices but also on quality, 
the offered services differ additionally 
in quality of one service attribute in the 
quality competition scenario. Let all SP 
in the network follow the PA strategy. 
In the PC scenario we expect that prices 
will reach the true valuation equilibrium 
(when all SP bid their true valuation). In 

contrast, we expect the AOCR strategy 
to better exploit the situation. Thus, we 
expect prices to reach a level between the 
true valuation equilibrium and the high 
bid equilibrium (when all SP submit bids 
at the highest possible level) while all SP 
follow the AOCR strategy in the PC sce-
nario. We expect a different picture for the 
QC scenario. Since the quality level largely 
impacts the service requesters’ utility we 
expect that SP can exploit their competi-
tive advantage by submitting higher bids 
which will lead to higher payments on 
average. Thus, we derive the following 
hypotheses:
H1:  In the PC scenario with only PA strat-

egies, payments will converge to the 
true valuation equilibrium

H2:  In the PC scenario with only PA strat-
egies, the deviation from the weak 
dominant strategy will be low, i.e. 
submitting the true valuation is the 
most frequently chosen strategy.

H3:  In the QC scenario the diversifica-
tion on the basis of service quality 
decreases competition, and as such 
will lead to a higher number of devi-
ators from the weak dominant strat-
egy (truth telling).

H4:  In the QC scenario the deviation from 
truth telling leads to higher payments 
for allocated SP.

H5:  AOCR strategy leads to higher pay-
ments of the allocated services com-
pared to the PA strategy.

6.3 simulation approach and results

We model this problem as a n-person 
game in which each node follows one of 
the described reactive strategies. In each 
simulation period the service providers 
choose an action based on the observation 

Tab. 3 Aggregated payments of all SPs in the network

pa-pc pa-Qc aOcr-pc aOcr-Qc

Mean	payments	total-network	(truth-telling) �.��� 3.��� �.��� 3.���

Mean	payments	total-network	(achieved) �.��� 3.30� �.��3 3.�03

Mean	surplus	total-network	(achieved) 0.0�� 0.��� 0.0�3 0.03�

Surplus	(%) �.��	% �.��	% �.��	% �.��	%

Tab. 4 Individual payoffs of truth-telling SPs

pa-pc pa-Qc aOcr-pc aOcr-Qc

Mean	payments	allocated	SP	(truth-telling) 0.��0 0.�33 0.��0 0.�33

Mean	payments	allocated	SP	(achieved) 0.��0 0.��� 0.��3 0.���

Mean	surplus	allocated	SP	(achieved) −0.00� 0.00� 0.0�� 0.0��

Surplus	(%) −�.�0	% �.��	% �.3�	% 3.�0	%
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of their own success and the success of the 
other nodes respectively. We run simula-
tions for four different scenarios: (1) all 
nodes offer the same service levels and use 
the PA strategy (PC-PA), (2) all nodes use 
PA but offer different service levels for the 
attribute “response time” (QC-PA), (3) all 
nodes follow the AOCR-strategy and offer 
the same service levels (PC-AOCR), and 
(4) the nodes offer different service levels 
for the attribute “response time” and all 
follow the AOCR-strategy (QC-AOCR). 
Each scenario is repeated for four different 
topologies. In each simulation we repeat 
the auction 40 times.

In the first step, we analyze the net-
work’s total payments. Tab. 3 displays the 
average values of the sum of the SP’s pay-
ments in the network for the two cases (1) 
truth telling (bidding the true costs) and 
(2) following one of the reactive strategies. 
We compare these two mean payments, 
and thus, compute the received surplus 
while following one of the reactive strat-
egies (difference between mean reactive-
strategy-payoffs and mean true-valuation-
payoffs). This surplus is positive in all four 
scenarios but lower in the AOCR scenarios 
compared to the PA scenarios. This at least 
supports the assumption that from a net-
work perspective collusion might be ben-
eficial in the repeated game.

Besides the total network’s payoffs it is 
even more important to study the individ-
ual payments of especially those SP who 
would have been allocated while playing 
the true valuation.

Tab. 4 displays the average individual 
payoffs for exactly those SP. It is interest-
ing to note that both strategies, PA and 
AOCR, perform better in the service qual-
ity competition compared to price compe-
tition, i.e. collusion is more beneficial on a 
platform with heterogeneous service offers 
(regarding service quality). Additionally, 
we observe that the AOCR strategy per-
forms better in both scenarios, price and 
service competition, compared to the sim-
pler PA strategy – unfortunately not on a 
statistically significant level12. In general 
the benefit is quite low with a maximum 
plus of 3.4%. The surplus in the price com-
petition scenario while following the PA-
strategy is even negative. This suggests 
that PA is not suitable for tacit collusion 
which also explains the better results for 
the PA strategy from a total-network per-
spective (Tab. 3): The originally allocated 
SP drop off the best path and thus the util-
ity-difference increases. Since the applied 
t-test does not produce statistically sig-
nificant results, we do not find signifi-
cant support for Hypothesis H5. In con-
trast, we find significant statistical sup-
port for Hypothesis H1 and H4 on basis 
of a t-test.

Regarding Hypothesis H2 and H3, we 
investigate both, the frequency of actions 
taken by all SP (incl. those SP that are 
not allocated) as well as the frequency of 
actions taken by the successful SPs. Fig-

��	 We	have	used	a	t-test	comparing	
the	simulation	series	results.

ure 5 displays the frequency of success-
ful actions. Comparing the frequency of 
submitting true cost in the PA-PC vs. PA-
QC we observe a decrease in the number 
of successful truth tellers. Unfortunately, 
we do not find significant statistical sup-
port since the t-test produces a p-value of 
0.09, and thus, the null-Hypothesis can-
not be rejected.

Summarizing the simulation results 
we observe that tacit collusion can be an 
issue in repeated games. Even simple reac-
tive strategies such as the AOCR strategy 
result in slightly larger payoffs. Especially 
in the scenario with heterogeneous ser-
vice offers regarding the service quality 
untruthful bidding might be beneficial for 
service providers. The platform provider 
can counteract such behavior by increas-
ing completion since under competition 
the profit margin decreases and probably 
will not compensate the risk of dropping 
off the allocation.

7 Implications for platform 
providers and conclusion

The proposed mechanism is evaluated 
in the TEXO use case of the THESEUS13 
project. Especially the novel requirements 
for pricing models are addressed by pro-
posing a graph-based multidimensional 
procurement auction. The auction mecha-
nism is capable of allocating and pricing 
of composite services in an efficient 
and truthful manner. It enables f lexible 
participation and switching for service 
providers and at the same time it does 
not require complete information about 
configurations, prices and interrelations 
from the service requester’s perspective 
which makes the mechanism favorable 
for ad-hoc and situational environments 
such as service value networks.

We have proposed a multidimensional 
procurement auction for trading com-
posite services in network economies. We 
have presented a graph-based model that 
captures the main components and char-
acteristics of service value networks. Based 
on this model we have introduced a mech-
anism implementation that enables allo-
cation and pricing of service components 
that together form a requested complex 
service. However, auctions for composite 
services are more sophisticated than tra-
ditional procurement auctions, where the 

�3	 http://theseus-programm.de/front
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suppliers themselves offer a full solution to 
the procurer. In composite services, this is 
not the case, as a flawless service execu-
tion and therefore the requester’s valuation 
highly depends on the accurate sequence 
of its functional parts, meaning that in 
contrast to service bundles, composite ser-
vices only generate value through a valid 
order of their components. The allocation 
is computed based on the requester’s score 
for QoS characteristics of the complex ser-
vice. At the same time, the mechanism is 
capable of handling a wide range of aggre-
gation operations for service attributes also 
supporting rich semantic information for 
dealing with complex non-functional ser-
vice specifications. Due to the combina-
torial restrictions imposed by the under-
lying graph topology and the assump-
tion of monotone aggregation, the win-
ner determination problem can be solved 
in polynomial time with respect to the 
number of service offers and their inter-
relations which is a crucial issue when it 
comes to implementing online systems. 
We have furthermore shown that the pro-
posed mechanism is individually rational 
for service providers, allocation efficient 
and incentive compatible with respect to 
QoS characteristics and prices of service 
offers. Hence, reporting the true multidi-
mensional type regarding configuration 
and price is a weakly dominant strategy 
for all service providers. This is a valuable 
property as it tremendously lowers strate-
gic complexity for service providers and 
fosters a trustful requester-provider-rela-
tionship.

In a repeated game incentive compati-
bility does not hold. We studied two simple 
strategies to collude by means of an agent-
based simulation approach. The simula-
tion results showed that deviating from 
truth-telling might be beneficial especially 
for those SP who are in the allocation. The 
payments of SP can increase especially if 
the service quality offers are diverse and as 
such the difference in prices does not play 
such an important role as in a price compe-
tition regime. We are aware that the results 
are based on a simple model with relatively 
strict assumptions, but even such unso-
phisticated strategies are a good indicator 
that collusion can be beneficial to service 
providers.

Besides possible collusion through ser-
vice providers, the service platform pro-
vider must be aware of some obstacles 
while implementing such a dynamic pric-
ing scheme. Privacy is an issue for such an 

auctioneer-based approach since the ser-
vice providers are asked to report their cost 
which is highly confidential information 
for enterprises. Additionally, in such VCG-
based mechanisms auctioneers are able to 
betray service providers since the partici-
pants in the auction have no opportunity 
to revise the auction’s results. Since the 
bids are confidential, the auctioneer is not 
allowed to reveal the bid history for revi-
sion. Instead, the auctioneer could publish 
logarithmized bids to enable participants 
to recalculate the allocation. A third prob-
lem of the algorithm in the present form is 
that service requesters might be charged 
prices above their willingness to pay due 
to the side payments. In order to construct 
a budget-balanced mechanism, i.e. service 
requesters would not pay more than their 
valuation, incentive compatibility must be 
sacrificed to a certain degree (Parkes et al. 
2001). Therefore, it has to be analyzed how 
much the service providers would be able 
to manipulate their bids in such a budget 
balanced regime. As we are aware of these 
shortcomings, we plan to address them in 
the continuation of this work.

References

	Archer	A,	Tardos	E	(�00�)	Frugal	path	mechanis-
ms.	In:	Proceedings	of	the	�3th	annual	ACM-SI-
AM	symposium	on	discrete	algorithms,	pp	
���–���

	Asker	J,	Cantillon	E	(�00�)	Properties	of	scoring	
auctions.	The	RAND	Journal	of	Economics	
3�(�):��–��

	Athey	S,	Bagwell	K	(�00�)	Optimal	collusion	with	
private	information.	RAND	Journal	of	Econo-
mics	3�(3):���–���

	Bichler	M,	Kalagnanam	J	(�00�)	Configurable	of-
fers	and	winner	determination	in	multi-attri-
bute	auctions.	European	Journal	of	Operational	
Research	��0(�):3�0–3��

	Bichler	M,	Pikovsky	A,	Setzer	T	(�00�)	Kombinato-
rische	Auktionen	in	der	betrieblichen	Beschaf-
fung.	Eine	Analyse	grundlegender	Entwurfs-
probleme.	WIRTSCHAFTSINFORMATIK	
��(�):���–�3�

	Blau	B,	Block	C,	Stößer	J	(�00�a)	How	to	trade	ser-
vices?	Current	status	and	open	questions.	In:	
Proceedings	of	the	international	conference	on	
group	decision	and	negotiation	(GDN),	pp	���–
��0

	Blau	B,	Lamparter	S,	Neumann	D,	Weinhardt	C	
(�00�b)	Planning	and	pricing	of	service	ma-
shups.	In:	Proceedings	of	the	IEEE	joint	con-
ference	on	e-commerce	technology	(CEC’0�)	
and	enterprise	computing,	e-commerce	and	e-
services	(EEE	‘0�).	Washington,	DC,	pp	��–��

	Branco	F	(����)	The	design	of	multidimensional	
auctions.	RAND	Journal	of	Economics	��(�):�3–
��

Abstract

Benjamin Blau, clemens van Dinther, Tobi-
as conte, Yongchun Xu, christof Weinhardt

How to Coordinate Value 
Generation in Service Networks –  
A Mechanism Design Approach
The fundamental paradigm shift from 
traditional value chains to agile service 
value networks implies new economic 
and organizational challenges. As 
coordination mechanisms, auctions 
have proven to perform quite well in 
situations where intangible and hetero-
geneous goods are traded. Nevertheless, 
traditional approaches in the area of 
multidimensional combinatorial auc-
tions are not quite suitable to enable the 
trade of composite services. A flawless 
service execution and therefore the 
requester’s valuation highly depends on 
the accurate sequence of the functional 
parts of the composition, meaning that 
in contrary to service bundles, compos-
ite services only generate value through 
a valid order of their components. The 
authors present an abstract model as a 
formalization of service value networks. 
The model comprehends a graph-based 
mechanism implementation to allocate 
multidimensional service offers within 
the network, to impose penalties for 
non-performance and to determine 
prices for complex services. The mecha-
nism and the bidding language support 
various types of QoS attributes and their 
(semantic) aggregation. It is analytically 
shown that this variant is incentive com-
patible with respect to all dimensions of 
the service offer (quality and price). Based 
on these results, the authors numerically 
analyze strategic behavior of participat-
ing service providers regarding possible 
collusion strategies.
Keywords: Mechanism design, Coordi-
nation, Service value network, Procure-
ment auction, Semantics
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