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Abstract. The Service-Oriented Architecture has rapidly become the de facto 
standard for modern information systems. Although recently considerable re-
search attention has been paid to the management of services, several gaps can 
still be observed. Service management as far as it is automated is either mixed up 
with the operational service logic itself, or handled in a separate not service-
oriented system, such as a BAM platform. In addition, there is a growing busi-
ness demand for value-driven service management. In this paper, a general 
framework for management service design is presented that covers both business 
services and software services and is rooted in the business ontology REA, ex-
tended with a REA management ontology. The framework is applied to two dif-
ferent case studies, one in the Italian wine industry and one related to a robot 
cleaner. 
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1   Introduction 

The Service-Oriented Architecture (SOA) has rapidly become the de facto standard 
for modern information systems. Having started with a focus on service description 
and discovery, SOA research shifted its attention to service composition in the second 
phase. The next phase, according to [13] in 2007, would focus on service manage-
ment defined as “the control and monitoring of SOA-based applications throughout 
their lifecycle”. The most prominent functions of service management include SLA 
management, auditing, monitoring and troubleshooting, dynamic resource provision-
ing, service lifecycle management (e.g. versioning) and scalability/extensibility. 
However, although considerable work has been done on these topics in the last few 
years, results so far are fragmented and limited. Early standards related to service 
management (MUWS/MOWS; see oasis.org) have become obsolete.  

Several research gaps can be observed. Service management as far as it is auto-
mated is often mixed up with the operational service logic itself, or it is handled in a 
separate not service-oriented system, such as a BAM (Business Activity Monitoring) 
platform. In addition, service management, including business process management, 
is still mainly focused on execution correctness [1], whereas there is a growing  
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business demand for value-driven service management. This also requires a better 
integration of software services and business services [10] – which still is the vision 
of service science anyway. 

Along with SOA, the last decade has witnessed increased research efforts on self-
adaptive or autonomic software. We refer to [20, 4] for recent overviews. Self-
adaptive software embodies a closed-loop control mechanism that includes sensors 
and effectors, linked through processes of monitoring, detecting, deciding and acting.  
Despite considerable progress in sub areas, there are also still many challenges, in-
cluding the question on how to integrate self-adaptation functionality in the SOA 
architecture.  Is it possible to provide Management as a Service? 

The control loop is taken by Forrester analyst Bartels as the backbone for Smart 
Computing [1]. Smart Computing is supposed to be the challenge of the coming dec-
ade and integrates the following technologies: Awareness (sensors, RFID chips, video 
cameras), Analysis (business intelligence, process mining), Alternatives (rule engines, 
workflow systems) and Actions (leveraging existing products), with Auditability as an 
overall concern. The big business challenge lies in optimizing the value of and the 
return on assets and minimizing the costs and risks from liabilities by far better real-
time awareness of their status. Assets include both physical resources such as build-
ings and trucks, but also intangible ones such as software, or brand.  

The research objective of this paper is to develop a general framework for man-
agement service design that covers both business services (as in Smart Computing) 
and software services (as in Autonomic Computing). The framework must be value-
driven and truly service-oriented. To arrive at rigorous and relevant research results, 
we use Peffers’ design science phases [14]. The problem identification and motivation 
is stated in section 1 and 2. Our solution objective is to develop an integrated frame-
work for value-driven service management. In section 3 we lay a formal foundation 
by extending the REA business ontology with a REA management ontology and in-
troduce a general framework of services that is applied recursively to management 
services (design and development). The framework is used in two case studies (dem-
onstration). The first case was developed in the context of the S-Cube project [17] 
and concerns an Italian wine industry. The advantage of using this case study is the 
comparison it allows with other approaches. To explore the applicability range of our 
approach, the second case is about a robot cleaner. 

2   Related Research 

Given limited space, we can only present a brief overview of all the relevant fields. 
The vision of Autonomic Computing was presented by Kephart and Chess in 2003 

[7], and recently evaluated in [4]. The evaluation observes that the vision has been 
broadened to “the application of advanced technology to the management of advanced 
technology” and as such is still highly relevant. A notable omission in the original 
vision was the communication component, and research has been devoted to develop-
ing a so-called knowledge plane. What is also still lacking is an understanding of the 
broader software engineering aspects of autonomic system development. This  
includes such basic questions as when a system can be said to be “correct” if its beha-
vior is expected to change over time. [4] also pleads for a comprehensive systems 
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theory for adaptive systems that allows to reason not only about the “what” of moni-
toring and adaptation but also about the “how”. Finally, it claims that current  
solutions are too much focused on isolated problems, and that we need an integrated 
autonomic systems engineering approach to avoid undesirable feature interaction. 

Within the software engineering domain, runtime adaptation has become a highly 
relevant research topic. In this context, Model-Driven development and Software 
Product Lines modeling techniques are used and extended to Dynamic Software 
Product Lines that include variability transformations [3, 26, 8]. This work confirms 
the research gap identified by [4] that the “how” of the adaptation is no longer some-
thing that can be abstracted from. 

Another line of research is considering modeling and monitoring requirements for 
adaptive systems. Goal-based approaches, such as Tropos [2] have been applied to the 
specification of requirements of self-adaptive systems. Goal-based models are well 
suited to exploring high-level requirements and it is natural to use goal models to 
represent alternative behaviors that are possible when the environment changes. Goal-
based models have a natural fit with agent-oriented implementation platforms [11]. 

In the management literature, system theory and control theory have been around 
for a long time. In the standard management control textbook of Simons [19], four 
types of “control systems” are distinguished: diagnostic control systems, interactive 
control systems, belief systems and boundary systems. Diagnostic control systems 
correspond to the traditional cybernetic approach and are aimed at controlling results 
using a closed control cycle. This mode of control is important but it also has its limi-
tations, according to Simons. Belief systems express norms and core values in the 
organization that are aimed at controlling (or influencing) the value systems of the 
people involved. Boundary systems constrain the behavior of the organization in  
the face of risks to be avoided. Interactive control is focused on handling uncertain-
ties and on “doing the right thing”, rather than doing the things right, as in diagnostic 
control, and is typically realized in the form of interaction.  

3   A Framework for Management Service Design 

3.1   The REA Business Ontology 

The Resource-Event-Agent (REA) ontology was first formulated in [9] and has been 
developed further, e.g. in [21,5,6]. The following is a short overview of the core con-
cepts of the REA ontology based on [23]. 

A resource is any object that is under the control of an agent and regarded as valu-
able by some agent. This includes goods and services. Resources are modified or 
exchanged in processes. A conversion process uses some input resources to produce 
new or modify existing resources, like in manufacturing. An exchange process occurs 
as two agents exchange (provide, receive) resources. To acquire a resource an agent 
has to give up some other resource. An agent is an individual or organization capable 
of having control over economic resources, and transferring or receiving the control to 
or from other agents. The constituents of processes are called economic events. REA 
recognizes two kinds of duality axioms between events: conversion duality and  
exchange duality.   
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adds value to the transported goods. This value is reflected in the price that the  
customer is willing to pay for the transport service. Transport management is an ex-
tensive task that includes capacity planning and scheduling as well as actual route 
planning. The transport itself can be decomposed into subservices such as driving, 
unloading and a coordination service for selecting a route. A policy may contain the 
constraint that the lorry should select the cheapest route in terms of fuel consumption. 

The software case can be illustrated as follows. The same transport company may 
have a tracking & tracing service for customers. The resources used by this software 
service are informational in nature: in particular, they include the GPS data about the 
lorries. The service adds value to the transport (the transport service has a higher 
value for the customer when he can track his cargo – a case of “information enrich-
ment” [12]). For its implementation this web service makes use of utility or infra-
structural services based on resources such as CPU time, data storage and the  
network. Once the service is in place, there may be a management service to support 
it. For instance, the management service may monitor and adapt the service interface 
in order to maintain interoperability. Note that management services may be auto-
mated or semi-automated independently of the automation of the service itself. 

The value of a service in a certain period of time is the difference between the total 
value increase on the one side and the total decrease at the other side. In order to real-
ize value-based service management, it is therefore necessary that each resource is 
valued. There is a long tradition of cost accounting that we can rely on to implement 
this requirement, the details of which are not in the scope of this paper. What is im-
portant for keeping the valuation consistent is to integrate all services into the value 
cycle of the company, denoted as “cash wheel” in [19]. As traditional audit theory 
teaches, each company has a value cycle consisting of sales processes that generate 
money, consuming resources, and purchasing processes that acquire resources spend-
ing money. Depending on the type of company – sales, manufacturing, etc. – the 
value cycle can be drawn a bit more precise, but the structure is always the same. The 
value of the value cycle is the profit that is generated over a certain period of time 
minus the investments that have been added. Each service is directly or indirectly 
included in the value cycle, akin to Porter’s distinction between primary and support 
activities of the value chain [15]. Directly included are services such as manufactur-
ing, sales and purchasing. Indirectly included are for instance management services 
that contribute to primary services or other enhancing services.  At the end of the day, 
the valuations of all services should be consistent, that is, the sum of these valuations 
should be equal to the value of the value cycle (for a certain period). We regard this 
principle not only important from an accounting point of view, but also as a useful 
constraint for business modeling.   

3.4   Management as a Service 

We have conceptualized management as an enhancing service. In Software Engineer-
ing, the idea of separating operational and management concerns is not new. In the 
field of self-adaptive software, an equivalent distinction is made between internal and 
external adaptation [20]. Internal approaches intertwine application and adaptation 
logic. This has certain drawbacks. External approaches use an external adaptation 
engine or manager that contains the adaptation logic, the other part being called the 
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requirements can be diverse, but include requirements on future capacity. These re-
quirements are passed through the value chain in reverse direction, from customer 
(market demands) to sales and further on to production and procurement. To account 
for this kind of interactive control, we need another management cycle (Fig. 5).  

The manager interacts with other managers in the value chain at customer and sup-
plier side. The customer manager’s requests do not concern a particular service  
instance, but a certain state or quality of the service as such. For instance, that the 
service has a certain capacity at a specified time. This leads to certain commitments 
that are part of a REA contract. The synchronization of contracts is what is called 
scheduling. The purpose of a schedule is to make sure that for all services the needed 
resources are identified, as well as when they will be needed [6:108]. A schedule is a 
collection of increment and decrement commitments, as well as mitigation plans. The 
increment commitments indicate the availability of the service at some future time, or 
the availability of the resource produced by the service. Decrement commitments 
concern the resources (subservices or resources produced by subservices) needed to 
fulfill the increment commitments. These decrement commitments must be gained 
from the managers of the supplying subservices. In our conceptualization, the sche-
dule is not a separate entity but the combination of these contractual commitments. 
Note that the scheduling usually runs independently from the operational service. It 
only prevents the operational service to break down when the actual service requests 
come. However, the scheduling may influence the operational service. For instance, if 
the subservice providers are not able to commit to the required resource capacity, this 
is forwarded as such via the contract monitoring, so that the service policy enforce-
ment can pro-actively find and bind other suppliers. 

A second important subclass of interactive control distinguished by Simons is the 
ongoing conversations on probing the assumptions underlying the diagnostic control 
settings.  One of the manager’s interactive control tasks is to adapt the service policy 
when its assumptions do not hold anymore or to anticipate such a break-down. This 
can be realized by a discourse between managers, akin to the above-mentioned know-
ledge plane [4]. 

As mentioned earlier, more control systems could be distinguished – boundary sys-
tems and belief systems. Whether these can be realized as special cases of the other 
ones, or deserve to be identified independently, is a question for future research. 

3.5   Design Method 

Following the fractal approach, a comprehensive design method for management 
services (we ignore other aspects here) looks roughly as follows: 

Step 1  Identify core business services 
Step 2  Identify coordination and management services per core service 
Step 3  Identify management subservices per management service 
Step 4  Identify software services that may support any core service,  

coordination service, or management (sub) service 
Step 5 Identify software services that manage the software services from 
  Step 4 as well as subservices of these management services 

The first step is general. To identify core business services, it is recommendable to 
use the value cycle of the enterprise as a reference. In step 2, management services are 
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identified. Whether this is feasible for all services in the enterprise depends on their 
maturity level. Some enterprises will require this maturity only for services that are of 
strategic importance. For the selected management services, a decomposition step is 
made in which subservices are modeled, related to the three different management 
control types distinguished above. Step 4 is making the match between required ser-
vices and available IT support. This IT support can range from traditional MIS sup-
port software to business intelligence tools and to ubiquitous computing tools such as 
smart sensors. Each of the tools must get a service interface.  At this point, the method 
can be complemented by existing industrial service engineering methods, as long as 
the architectural distinction between operational and management service is main-
tained. In step 5, we repeat step 2-4 of determining management services, but now for 
the software services. Some of these management services will be fully automated 
(autonomic computing), other semi-automated.  

4   Demonstration 

4.1   BSRM Modeling Notation 

We use a simple modeling notation to model the services called BSRM (Business 
Service and Resource Modeling – not published yet). For the clear differentiation 
between services and the other resources we use different symbols. As far as termi-
nology is concerned, we avoid adding the word “service” to each service name. A 
summary of the modeling notation is as follows: 

• Services are denoted as rounded rectangle  
- exchange services are denoted as rounded rectangles with “exchange” 

label 
- conversion services are denoted as colored rounded rectangles 

• Physical resources are denoted as rectangles  
• Intentional resource are denoted as dashed rectangles  
• PartOf  relationship is denoted  as a line with diamond end 
• Management relationship is denoted  as  solid arrow with “+” label 
• Stockflow relationship :  

- Inflow : arrow pointing  to the resource/service            
- Outflow : arrow pointing from the resource/service 

4.2    Italian Wine Producing 

The proposed management service model has been evaluated in a real world case 
study of wine production [17]. According to the case description, the goal of the Wine 
Producer is to maximize his production in order to adapt the monitored market needs. 
During the wine producing process quality assurance plays a major role. The Quality 
Manager, the Agronomist who is an expert of a branch of agriculture which deals with 
field-crop production and soil management, and the Oenologist who is an expert in 
wine and wine production involved in this process. They have to observe the vineyard 
parameters and to react to critical conditions that may happen during the cultivation 
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Fig. 7. BSRM model for vineyard cultivation service (management layer) 

4.3   Robot Vacuum Cleaner 

The next illustration is a fully automated vacuum cleaner [11]. The main goal of this 
vacuum cleaner is searching dust and keeping the room clean. To perform this task, it 
has sensors to detect dust, mop, and broom and dust box. The dustbin and the battery 
charging station are located in the building. Once the dust box is full the cleaner has 
to move to dustbin to empty it and as s the strength of the battery is low, it has to 
move to the battery station to recharge. Fig. 8a shows the core services of the vacuum 
cleaner.  

Cleaning the room is the central service and it has two subservices namely Move 
and CollectDust – a service which collects dust by brushing and mopping. The 
cleaning room service involves at least two resources: room and the motor. This 
service converts the room into a cleaned room, so room is the service goal. The motor 
is defined as a resource to the main service (CleaningRoom), ensuring that it inherits 
to the subservices as well. There is another service related to the motor which is 
power supply (with battery).  Finally the resources broom, mop and dust box are used 
by the CollectDust subservice. 

CleaningRoom

Room

Move CollectDust

Broom Mop

Dustbox

CleaningRoom

Motor

Move CollectDust Dustbox

CleaningMgt.

Monitoring

DustBoxMgt. Emptying

DustBin

BatteryPowerSupply

PowerSupplyMgt.
Charging

Motor

Battery

PowerSupply

MonitoringPower

Room

Electricity

+

+

+

 

Fig. 8. (a) Core services (b) core + management services for automated vacuum cleaner 

The next two steps are identifying management services. The service model for 
these steps is depicted in Fig. 8b. Since the robot is supposed to work autonomously, 
self-management is essential and only diagnostic control is relevant. It follows that 
the cleaning service has a cleaning management service which controls the cleaning 
process. Hence “monitoring” becomes a subservice of CleaningMgt. The next 
important management service is dust box management which intends to empty the 
dust box when it detects that dust box is full. Emptying works as a subservice. 
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PowerSupplyMgt monitors the supply of power to the battery and if it finds out that 
the battery strength is not on the required level, charging is executed. 

A comparison of our approach with [11] reveals interesting information to the 
service designer. The modeling approach in [11] starts from an extended version of 
the Tropos [2] goal model. Then independently, it identifies non-intentional entities: 
external resources (room, dustbin and battery charger) and internal ones (dust box and 
battery). Entities are then related to the goals via the concept of condition, 
corresponding to the extended REA notion of policy constraint. 

The management service modeling approach starts with the core services and 
identifies internal and some external resources needed or influenced by them. It then 
derives management services and management subservices. For example, 
PowerSupplyMgt has Monitoring and Charging subservices. The services have 
service policies. These include goals, but note that the goals are not defined globally, 
as in the previous approach, but per service. In the end, the entities identified are the 
same in both approaches, but the service-service and service-resource relationships in 
our model are not considered in the [11] approach.  

5   Conclusion  

In this paper, we have developed a design framework for management services, based 
on an established business ontology and applied to two case studies from the literature. 
The evaluation suggests that the framework provides useful and specific modeling sup-
port and that it is widely applicable. The theoretical relevance of the paper consists in 
the extended REA management ontology, as well as the three management control 
cycles that we have distinguished and described in SOA terms and that go beyond cur-
rent work in adaptive systems considering a diagnostic control cycle only. The paper 
may also have practical relevance to service engineers interested in aligning business 
services and software services and to whom current service design methods do not give 
much specific support when it comes to service management design. 

Although a design framework is not easy to evaluate in practice, we intend to 
strengthen the validation by applying it to real-world cases and extending the compar-
ison with related work in management information systems, software engineering, 
multi-agent systems and the field of adaptive systems.  

An interesting topic for future research is the design and development of generic 
management service software, e.g. to deploy a diagnostic service on the basis of a 
policy definition and a given environment (available services) only. 
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