
Abstract 
We present a conceptual model for modeling con-
figurable services, an area with relatively little pre-
vious research, based on a synthesis of previous 
work extended with our own experiences. 

1 Introduction 
In the past decades several configurator systems have been 
developed, mostly for mechanical and electronics products. 
[e.g. Faltings and Freuder, 1998; Soininen and Stumptner, 
2003]. The central issues for such systems have been suit-
able product knowledge modeling concepts and formal lan-
guages based on these, and correct and efficient inference 
algorithms for supporting the configuration tasks [e.g. Falt-
ings and Freuder, 1998; Soininen et al., 1998; Felfernig et 
al., 2001; Soininen and Stumptner, 2003]. However, there is 
relatively little research on configurable or mass customiza-
ble services, and on developing configurators particularly 
suitable for these [Harvey et al., 1997, Da Silveira et al., 
2001; Papathanassiou, 2004; Paloheimo et al., p. 41, 62, 
2004; Akkermans et al., 2004; Wimmer et al., 2003; Peters 
and Saidin, 2000; Winter, 2001; Meier et al., 2002; Dausch 
and Hsu, 2003; Böhmann et al., 2003]. 

In this paper we provide one step towards tool support by 
presenting a conceptual model for modeling the knowledge 
important for configuring services in a configurator, from 
the points of view of the customer and sales person. Our 
conceptual model is an extension of a synthesis of the few 
existing proposals for modeling configurable services [Ak-
kermans et al., 2004; Wimmer et al., 2003], based on our 
experiences on how such services could be modeled in four 
case companies that we have been working with for the past 
one-and-a-half years. The companies represent machinery 
maintenance, insurance and telecommunications services. 

The rest of the paper is structured as follows. Section 2 
discusses the central literature and definitions on configur-
able services and approaches for modeling them. We present 
the Four-Worlds Model for Configurable Services in Sec-
tion 3 and discuss and compare it to previous work in Sec-
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tion 4. Finally, we present our conclusions and directions 
for future work in Section 5. 

2 Configurable services 
Here we briefly discuss the central literature and definitions 
on configurable services and approaches for modeling them. 

Service has been defined as a process, in which customers 
often participate, carried out by the provider as a solution to 
customer problems. Services often are intangible, perish-
able, simultaneously produced and consumed, and hetero-
geneous – all characteristics goods rarely have [Grönroos, p. 
46-7, 2000]. Due to these differences, simple adoption of 
modeling approaches from goods may not be appropriate 
[Wimmer et al., 2003], as how well a conceptualization fits 
its intended domain of use affects its quality. For the pur-
poses of this paper we define configurable services as ser-
vices that can be customized to individual specifications 
from a set of options designed to meet a pre-determined 
range of customer needs. 
 The need for configurable services stems from the raise in 
service customers’ demand for services that meet their in-
creasingly diverse needs better [Harvey et al., 1997; Pa-
pathanassiou, 2004; Wimmer et al., 2003]. It has been sug-
gested that service companies should meet this demand by 
customizing their services [Harvey et al., 1997] by mixing 
and matching service modules to meet customer needs 
[Meyer and DeTore, 2001; Peters and Saidin, 2000]. This 
seems similar to the aims of product configuration. This 
kind of service configuration, possibly supported with con-
figurators has been at least a partial goal in several papers. 
Of these, Winter [2001], Meier et al. [2002], Böhmann et al. 
[2003], and Jiao et al. [2003] do not define a conceptualiza-
tion for services but do discuss service modeling issues. 
Dausch and Hsu [2003] propose a reference model for mass 
customizing maintenance services not directly intended for 
configuration and possibly lacking generalizability with a 
focus on one domain. Akkermans et al. [2004] and Wimmer 
et al. [2003] present conceptual models of configurable ser-
vices and thus resemble our work most closely, and are 
hence the only ones discussed in more detail here. 
 Akkermans et al. [2004] present a conceptual model 
aimed at facilitating configuration of services in a Semantic 
Web Services environment. The model describes services 
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from three perspectives: value (customer), offering and pro-
cess perspectives. Wimmer et al. [2003] propose a model 
for modeling financial services in a mass customization 
setting. The models of Akkermans et al. [2004] and 
Wimmer et al. [2003] seem to capture services a bit differ-
ently. Wimmer et al.’s [2003] model roughly corresponds to 
Akkermans et al.’s [2004] offering perspective. Wimmer et 
al. [2003] do not model similar issues as Akkermans et al.’s 
[2004] value and process perspectives. Lacking a process 
viewpoint might be a potential weakness as services are 
deemed to be processes that customer participation may 
affect [Grönroos, p. 47, 2000; Akkermans et al., 2004; 
Böhmann et al., 2003; Jiao et al., 2003]. According to 
Wimmer et al. [2003], Winter [2001], and our findings in 
our insurance company case, capturing customer character-
istics seems to be significant for services. However, neither 
Wimmer et al. [2003] nor Akkermans et al. [2004] provide 
specific concepts for customer characteristics. Further, from 
our maintenance service cases it seems that the characteris-
tics of the maintained machinery may affect the service 
agreement as well. Therefore, it seems that neither model 
captures all aspects potentially relevant for services. 

3 Four-Worlds Model for Configurable Ser-
vices 

Here we present the Four-Worlds Model for Configurable 
Services with a configuration modeling focus. We use the 
Unified Modeling Language (UML) [e.g. Booch et al., 
1999] to define the model semi-formally. The concept of 
using the four worlds to describe configurable services on a 
more general level will be described in a later publication. 

3.1 Overview of the model 
The model is aimed to capture configurable services at suf-
ficient and appropriate detail for the sales stage. The model 
is divided to four viewpoints we call worlds, see Figure 1 
(a), each having their own main concepts and dependencies 
between them. The objects-of-service world describes the 
recipient(s) of service (like persons or physical systems) and 
the environment relevant to the recipient(s). The objects-of-
service world aims to specify what the company needs to 
know about the service recipients and the environment to be 
able to successfully configure the service. The needs world 
captures the reasons why a customer would want to buy the 
service. The service solutions world describes the specifica-
tions to which the service is to be delivered, i.e. what is to 
be delivered. The process world depicts the service delivery 
process and resources required in it at appropriate detail for 
the sales stage. It is intended for communicating the process 
for the customer (possibly participating in it), not for detail-
ing operation procedures for the company employees. The 
process world describes how and with what the service is 
put into practice. 

There can be dependencies between the worlds. A service 
recipient with given characteristics has certain needs and 
requires a specific service solution. The needs are satisfied 
with particular solutions. The solutions are carried out with 

given processes and involve certain resources. The service 
recipient may be a more or less active participant in the 
process, thus being required as a resource in the process.  
Example: We demonstrate the conceptual model using an 

example loosely based on insurance services of one of our 
case companies, Tapiola Group1, a prominent group of Fin-
nish mutual insurance and financial services companies. 
Tapiola’s use of a tool helping insurance clerks to identify 
relevant customer characteristics and needs and subse-
quently recommend suitable insurances based on these has 
in part motivated our objects-of-service and needs worlds. 

The objects-of-service world entails a customer and a car. 
The age of the car must be known as it affects the possible 
insurance coverage and may affect needs. 

The needs world describes motoring-oriented needs of the 
customer. In case of an accident or a breakdown, it is possi-
ble to specify the desired level of assistance and whether 
collision damages should be covered.  

The service solutions world consists of a car insurance 
solution that includes mandatory car insurance, and option-
ally one of two types of voluntary car insurance. Both in-
clude coverage against theft, fire, etc., and collision damage 
coverage is optional. Budget voluntary car insurance is 
available only for cars that are at least six years old. It is less 
expensive, because cheapest accepted (third-party) parts are 
used for repairs and the insurance company decides where 
and when the car will be repaired. Extended voluntary car 
insurance is available only for cars that are 10 years old at 
the most. It has optional road assistance with two levels, 
both levels cover towing costs and the insurance company 
arranges towing. Extended road assistance adds compensa-
tion for expenses to continue the trip. 

The process world defines a process in case of a car 
breakdown or an accident. If towing is needed, the insurance 
company arranges it if the car has extended voluntary car 
insurance. Otherwise the customer must arrange the towing 
himself. After the towing the car must be repaired. The re-
pair process depends on the type of the voluntary car insur-
ance. The budget repair process is applied for cars with 
budget voluntary car insurance, and the normal repair proc-
ess is applied to cars with extended voluntary car insurance. 

3.2 General modeling concepts 
In this section we introduce the general modeling mecha-
nisms. A configuration model defines a configurable service 
and the possibilities of customizing it with types and their 
properties. We distinguish between TYPES and their in-
stances occurring in a configuration, i.e. INDIVIDUALS. A 
configuration describes a specific service instance. 

We use UML in the metamodel (Figure 1 (b)) to define 
stereotypes corresponding to the modeling concepts. Con-
figuration models contain classes that are instances of these 
stereotypes (Figure 1 (c)). A configuration contains in-
stances of classes of a configuration model (Figure 1 (d)). 
We left out ‘« »‘ denoting a stereotype from UML associa-
tion names in Figures 1 (c) and 1 (d) due to limited space. 
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Types can be organized in generalization hierarchies. A 
subtype inherits the properties, i.e. parts, attributes, and 
constraints, of its supertypes. Subtypes are said to be direct 
subtypes of the supertypes directly above them in the gener-
alization hierarchy. Direct supertypes are defined analo-
gously. Types describe their compositional structure with 
parts, specified with PART DEFINITIONS that define a part 
name, a set of possible types that can occur as the part, and a 
cardinality describing the number of individuals that must 
occur as the part. Additionally, parts of process module 

types define their possible successors (see subsection 3.6). 
ATTRIBUTES characterize types. A type defines for its attrib-
utes an attribute name and the possible values the attribute 
can have through its VALUE TYPE. Types define CONSTRAINTS 
that specify conditions that must hold in a correct configura-
tion. Constraints can be used to model arbitrarily complex 
interdependencies of types, individuals and their properties 
when other mechanisms in our model are not sufficient to 
capture an aspect of a service. Constraints are either hard or 
soft. A hard constraint must always hold whereas a soft con-

Figure 1 (a) Overview, (b) Metamodel, (c) Example configuration model, (d) Example configuration 
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straint can be violated. We assume there is a constraint lan-
guage with sufficient expressive power. 

There are some general modeling restrictions in our 
model. Types in a generalization hierarchy must be of the 
same direct subtype of Type, e.g. all supertypes of a need 
type must be need types as well. Types in a compositional 
structure must be of same direct subtype of Type, e.g. parts 
of a need type must have only need types as possible types. 

3.3 Objects-of-service world 
The main concept of the objects-of-service world is service 
object. A SERVICE OBJECT TYPE is an entity representing a 
service recipient (like persons or physical systems) or envi-
ronment relevant to the recipient. Examples for the compo-
sitional structure of service objects could be a family and its 
members or maintained equipment and its structure. Exam-
ple: Figure 1(c) shows the configuration model of our run-
ning example, and Figure 1 (d) exhibits a configuration. 
Insurance target represents objects-of-service. It contains 
exactly one Person in the role of a Customer. The role of an 
Insured_car specifies properties of the customer’s car to be 
insured. The configuration has a Person, and a Car with 6 
years of age. 

3.4 Needs world 
Need is the main concept in the needs world. A NEED TYPE 
denotes a benefit sought from a service by a customer. Basis 
for compositional structure of needs can be e.g. decompos-
ing general needs to more detailed ones, like a general need 
of being reachable at all times decomposed to being reach-
able by phone, fax, or email.  
Example: The needs world describes if collision damages 

coverage is desired, and the level of assistance in case of an 
accident or a breakdown. This is modeled with attributes of 
Motoring_needs. The example Motoring_needs specify high 
desired_assistance, and collision coverage is included. 

3.5 Service solutions world 
The service solutions world is centered on a service element. 
A SERVICE ELEMENT TYPE describes a part of the pre-delivery 
service specification, i.e. agreement, about what is to be 
delivered. Examples of service elements and their composi-
tional structure could be messaging services decomposed to 
SMS, MMS, fax, and email messaging. 
Example: Insurance coverage has optionally a Volun-

tary_car_insurance that can be of type Budget_voluntary or 
Extended_voluntary. Extended_voluntary can have road 
assistance in case of a car breakdown or an accident. Road 
assistance is available only for cars whose age is 10 years at 
the most. Budget_voluntary does not include road assis-
tance, and it is available only for cars that are 6 years or 
older. Accident repairs are made with non-original parts in a 
repairs shop decided by the insurance company. In Ex-
tended_voluntary the customer decides where the car is re-
paired and original parts are be used. Mandatatory car insur-
ance is not modeled due to limitations of space. The con-
figuration contains Insurance_coverage with Ex-
tended_voluntary with included collision_coverage and 

extended road_assistance_level. 

3.6 Process world 
The central concept of the process world is process module. 
A PROCESS MODULE TYPE represents a task, which could be 
carried out as part of the service delivery process. A process 
module may require specific resources to be successfully 
carried out. In its RESOURCE DEFINITION, a process module 
defines a set of possible types that can appear as a resource 
and a cardinality describing the number of individuals that 
must appear as resources. These resources may be service 
object types (from the objects-of-service world) or 
RESOURCE TYPES. A resource type describes a physical thing, 
information, a person, or something else that is necessary 
for the execution of process modules. 

In the process world part definitions take on added se-
mantics: the precedence of tasks in a process is defined with 
part definitions and their successors. A part definition de-
fines in its SUCCESSOR DEFINITION the part definitions that 
can follow it in the process. All successors defined in a suc-
cessor definition must be part definitions of the same proc-
ess module type. A successor definition can determine the 
conditions according to which the successor(s) should be 
carried out, e.g. only one successor or multiple in parallel. 
The semantics of the compositional structure of process 
modules is that the execution of a process module individual 
means that the process module individuals as its parts are 
executed as well. For example, machinery repair could de-
compose to parts Notify of fault, Identify fault, Obtain spare 
parts (either from customer managed on-site stock, if avail-
able, or maintenance engineer’s own supply), and Repair 
fault. Of these, Notify of fault could require the customer as 
a resource depending on whether the maintained machinery 
has remote fault diagnostics installed or not.  
 Example: Either the insured or the insurance company 
arranges towing. Thus, Arrange_towing requires as Organ-
izer resource either Insurance_company or a Person denot-
ing the insured. Arrangement of towing can be succeeded in 
the process with Repair, which is either Budget_repair or 
Normal_repair depending on the chosen voluntary insur-
ance type. The configuration has Towing_arrangement with 
Insurace_company as the Organizer resource, and Repair is 
managed with Normal_repair process. We have modeled 
successor definitions in Figures 1 (c) and 1 (d) only with a 
named association due to limitations of space. 

3.7 Dependencies between worlds 
The dependencies are modeled with constraints. Examples 
can be found in Figure 1 (c). 
Objects-of-service – needs world: Certain service objects, 
or service objects with given properties, have specific needs. 
For example, a single person has different insurance needs 
compared to a parent with a family to care for. Example: 
collision_coverage is recommended for cars that are at most 
six years old. 
Objects-of-service – service solutions world: Further, 
similarly as above, service objects with given properties 
require certain solutions, i.e. service elements. For example, 



a customer owning a boat often requires a boat insurance 
whereas a customer without a boat does not. Example: The 
age of the Insured_car affects available service elements, 
e.g. Extended_voluntary insurance is available only for cars 
whose age is at most 10 years. 
Needs – service solutions world: Needs are satisfied by 
specific service elements. For example, a need of being 
reachable at all times is satisfied by SMS, MMS, and email 
access with mobile phone services. Example: If customer 
desired high level of assistance Extended_voluntary is rec-
ommended, this is modeled with a soft constraint. 
Service solutions – process world: Specific service ele-
ments with given properties are delivered by certain process 
modules. For example, a mobile voice mail service is deliv-
ered by the company enabling the service at their end and 
then by customer taking it in use, e.g. initializing passwords. 
Example: If My_voluntary_car_ins is of type 
Budget_voluntary, Repair uses the Budget_repair process.  
Objects-of-service – process world: Service objects are 
required as resources for process modules. For example, as 
above, a customer is required to perform actions to take a 
mobile voice mail in use, like initializing passwords. Exam-
ple: A Person denoting the customer is required as Organ-
izer resource, if My_voluntary_car_ins is of type 
Budget_voluntary. 

4 Discussion and comparison with previous 
work 

The Four-Worlds Model for Configurable Services still is at 
an early stage of development. We have not yet carried out 
in-depth full-scale case studies of modeling and configuring 
services. Hence we present the model as an idea to be fur-
ther developed and rigorously tested. Due to this research 
being at an early stage, the discussion here is geared towards 
previous work. Nevertheless, in our view the model pro-
vides a preliminary synthesis of previous models, extended 
and simplified according to our experiences. Based on the 
initial feedback from our cases it would seem that the pro-
posed conceptualization allows modeling these services in a 
uniform way. Further, the model appears to support struc-
tured thinking about configurable services in the companies, 
which could prove helpful for communication, documenta-
tion, and design as well.  
 We hold the view that the division of the model to the 
four worlds is beneficial in several ways. In addition to the 
separation of concerns when modeling, the worlds allow for 
some flexibility. If modeling a world is not necessary for the 
service in question it can be left out. However, the solutions 
world will probably always be present. During configura-
tion, the worlds could be used to phase and direct the proc-
ess. From another viewpoint, a model with analogous 
worlds could be used for mechanical products as well. Cus-
tomer characteristics and needs may influence preferred 
product options in mechanical products and could perhaps 
help in eliciting what customers truly require from the prod-
uct. Capturing the manufacturing process might be relevant 
for products whose configuration decisions depend on 

manufacturing constraints like availability of components. 
 To the best of our knowledge, no previous model of con-
figurable services provides specific concepts to model cus-
tomer characteristics, an issue considered important in 
[Wimmer et al., 2003; Winter, 2001]. Further, from our 
cases it seems that service agreements can be affected by 
e.g. characteristics of maintained equipment or environment 
of the service recipient as well. Therefore we see objects-of-
service world as an extension to previous approaches. 
 Previous work contains similar ideas to our needs world.  
In [Akkermans et al., 2004] the value perspective includes a 
hierarchy of customer demands. Both Soininen et al. [1998] 
and Felfernig et al. [2001] use functions to denote what 
benefits or functionality a product offers to its customers 
distinguishing from concrete product parts. An approach of 
defining customer requirements or benefits to be met with 
service processes is present in [Jiao et al., 2003; Dausch and 
Hsu, 2003; Meier et al., 2002]. However, in our view our 
model provides more variability modeling mechanisms for 
needs than other service-oriented approaches, like con-
straints to denote dependencies between needs. 

Other approaches appear to capture similar issues as our 
service solutions world. This seems reasonable as it de-
scribes the service agreement, which is what is configured at 
the sales stage judging from our service cases. There are 
differences also. Wimmer et al. [2003] define roles for 
grouping related attributes and views to provide different 
viewpoints to the product information in the model, e.g. 
configuration or after sales support. In their offering per-
spective Akkermans et al. [2004] use input and outcome 
ports of different types of resources to model connections 
between their service elements that can be used to model 
process-like precedence of elements. In [Jiao et al., 2003; 
Dausch and Hsu, 2003; Meier et al., 2002] the components 
of agreements seem to represent processes or their outputs. 
We, however, aim to clearly distinguish between the agree-
ment options and the processes necessary to deliver them. In 
our service cases agreement options generally do not di-
rectly represent processes or their outputs. 
 Means to capture processes with precedence are men-
tioned in [Akkermans et al., 2004] albeit not discussed in 
detail. Dausch and Hsu [2003] describe several processes 
specific to maintenance services. Modeling the process is 
seen as important in [Jiao et al., 2003; Meier et al., 2002] 
and the significance of customer participation in it in [Ak-
kermans et al., 2004; Jiao et al., 2003; Böhmann et al., 
2003]. Wimmer et al. [2003] do not have process modeling 
mechanisms perhaps due to their focus on financial services. 
Our aim in modeling processes is to be able to communicate 
the process for the potential customer at sales stage. This 
could help to better manage customers’ participation in the 
process and keep customers’ expectations of the service 
realistic, both possible contributors to better service quality 
[Grönroos, p. 111-2, 2000]. More complex modeling than 
ours may be needed if detailed information on the schedul-
ing and production of the service are required. 

We use compositional structure and generalization as do 
Soininen et al. [1998] and Felfernig et al. [2001]. In fact, 



only our process world differs from their models in terms of 
these modeling mechanisms. However, we are yet to come 
across a need for resource production and consumption and 
connections they use for physical products. Thus, our re-
source concept is not the same as in [Soininen et al., 1998; 
Felfernig et al., 2001]. Akkermans et al. [2004] do not have 
generalization, differing from us and [Wimmer et al., 2003; 
Soininen et al., 1998; Felfernig et al., 2001]. 

5 Conclusions and future work 
We have proposed a conceptualization for modeling the 
knowledge important for configuring services in a configu-
rator, from the points of view of the customer and sales per-
son, taking a step towards filling a gap in configuration re-
search. The conceptualization provides a preliminary syn-
thesis of previous models, extended and simplified accord-
ing to our experiences. However, we are yet to carry out in-
depth full-scale case studies of modeling and configuring 
services or to implement tool support. Nevertheless, on the 
basis of initial feedback from our case companies the con-
ceptualization seems suitable for configuration modeling of 
their services. We have kept what constitutes a correct and 
complete configuration and pricing out of the scope of this 
paper, both issues in need of future work. 
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