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Abstract 

Increasing number of communication technologies in access and core segments of the network 

belonging to different providers and subject to different network design criteria are making networks 

complex and difficult to manage. In such networks it is also more difficult to guarantee requested level of 

Quality of Service (QoS). Service oriented design can be the answer to problems facing the providers of 

services for information transport. In this article, we propose an end-to-end service composition for 

information transport based on principles from Service Oriented Architecture (SOA), i.e. dynamically 

composing transport services with characteristics matching the requirements of a given application. SOA 

principles are similar to those behind the division of labor, therefore should incentivize providers to adopt 

them to make better use of resources and increase the revenue. As we show, some SOA concepts are 

similar to concepts in Open Systems Interconnection (OSI) reference model, with the key advantages of 

dynamism and flexibility. We discuss Service Oriented Networks (SON) based on transport service 

composition across access and core segments and describe an access network selection for online gaming. 

In particular, we show how semantic technologies can be used for layer 2 queries and discuss the 

advantages of using knowledge bases versus traditional approaches. 

Keywords: Service Oriented Architecture, Open System Interconnection, dynamic composition, 

semantic technology, Service Oriented Network, wireless network. 

Introduction 

Three important trends that are expected to have a strong impact on the change of business models in 

the ICT value chain can be identified in the world of digital information systems. The first trend refers to 

merging the telecommunication and the IT infrastructure; the main driver behind it is the ever increasing 

capability of portable devices, which is putting pressure on the telecom operators to provide enhanced 

services. The second trend reflects in the increased number of overlapping wireless access networks as a 

result of the competition among technology developers and access service providers to satisfy the desire 
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for connectivity on the move. The third trend is mainly driven by the business environment, which is 

overwhelmed by the cost of deploying and maintaining software infrastructures and datacenters, and 

exhibits in shifting from offering software as an installation kit to offering it as a service.   

The third trend is expected to have a profound impact on the first two as well as on the business 

models currently in force. In the future, one will use software as a service running somewhere in remote 

and possibly distributed locations on any convenient physical or virtual device. This will put high demand 

on information transport services by requiring reliable, ubiquitous, seamless and fine grained customized 

end-to-end connectivity. As a consequence, restricting users from connecting and roaming in a 

technology and provider independent fashion will lead to loss of revenue. The same holds for keeping to 

old, static practices such as best effort services instead of migrating to customized services provisioned in 

a dynamic fashion [1].  

On top of these macro-shifts in the landscape of systems and technologies, also a micro-shift in 

customer behavior can be noticed. Users are unwilling to pay separately for bit pipes and for services and 

then ending up dissatisfied with the experience [2]. Business models of service providers are thus already 

changing in the direction where the user pays one price for integrated service (e.g. music download), 

connection (e.g. access and infrastructure), and even hardware (e.g. mobile terminal). 

In this article, we propose a service oriented network (SON) for information transport, which is based 

on a set of principles that guide Service Oriented Architecture (SOA) [3]. This set of principles is 

currently used in computer science to build web services. According to the definition in a standardization 

attempt [4], SOA is “a paradigm for organizing and utilizing distributed capabilities that may be under the 

control of different ownership domains”. This definition can easily be generalized to apply to any digital 

information system. On high level, SOA can be seen as a set of black boxes, each box implementing a 

service and featuring an interface which facilitates access to that service. These boxes can communicate 

with each other and can be dynamically composed in order to achieve a complex functionality (a 

composite service). Each black box can be service requester and/or service provider. Black boxes 

communicate via service requests and service offers [3]. By analogy with the division of labor in the 

history of industrialization we believe that applying SOA principles to digital information systems will 

increase their efficiency and utility leading to increased end-to-end service consumption. This will enable 

economies of scale for all stakeholders in the ICT value chain, making use of services provided by 

specialized companies (i.e. service providers) to customers (i.e. service requestors).  



A composite service can be formed by coupling two or more existing services (see [5] for an online 

gaming example). Traditionally, the logic and implementation aspects of services have been performed by 

humans. A service level agreement (SLA) between a customer and a provider have been negotiated and 

then signed statically by human representatives. In this context, SOA is the next step in the evolution as it 

pushes towards automating service discovery, composition and negotiation. It can be seen as a solution to 

formalize and automate part of the human know-how (analogous to automating parts the production lines 

in factories, which followed after the division of labor). The main forces in the knowledge based economy 

indirectly pushing for SOAs are: increasing complexity, decreasing efficiency and the need for cutting 

costs. Cloud computing, virtualization of infrastructures, and ubiquitous connectivity are opening the 

doors for electronic services of all kinds (e.g. Amazon, Google and SAP), thus leading to an Internet of 

things and services. This new Internet will allow dynamic composition of customized electronic services 

and will put pressure on appropriate transport [6] and delivery services. Especially corporate needs will 

pressure for customized delivery services [1]. 

This article is structured as follows. We first present a comparative analysis of SOA and the Open 

System Interconnection (OSI) architectures by discussing their similarities and dissimilarities. Next we 

discuss a general framework and explain the steps required for end-to-end transport service composition 

in a future SON. As a case study, we describe access service selection for online gaming with focus on 

QoS provisioning. Finally, we summarize the article and provide some directions for future research 

required to make SOA based composition of services for information transport a reality. 

SOA and OSI 

In this section, we compare SOA and OSI architecture and discuss similarities and differences 

between the two, synthesizing the logical components of both architectures in Table 1. With this 

comparison we want to show that SOA principles have been present in telecommunications for a while 

and that their implementation becomes more advanced as technology improves, evolving from 

telecommunications services over service independent platforms to web service technologies [7]. 

Table 1 Comparison of the logical components of SOA and OSI models 

SOA OSI 
Logical 
component 

Description Logical 
component 

Description 

Service is a software resource Service is a set of primitives (operations) 
provides business functionality provides communication 

functionality 
communicates with other services communicates with services on 



adjacent layers 
has a published interface has an interface 
is described in a standard 
definition language 

- 

Interface defines the identity of a service 
and its invocation logistics 

Interface specifies what the parameters are 
and what results to expect 

Message is a formatted service request or 
service response 

Primitive is a formatted service request or 
service response 

Functionality can be anything useful to a 
business 

Protocol is an agreement between the 
communicating parties on how 
communication is to proceed 
is a set of rules governing the 
format and meaning of the packets 
that are exchanged by the peer 
entities within a layer 

is used by entities to implement 
their service definitions 

is used by entities to implement 
their service definitions 

is implemented in software may be implemented in hardware, 
software, or a combination of the 
two 

 

In SOA, services are software resources, each service having its distinct functional context [3]. A 

combination of these services can be dynamically composed in a composite service resulting in added 

value functionality. In OSI, services also have distinct functional roles, each service being a set of 

primitives that provides communication functionality in order to interconnect open (standards compliant) 

systems. These primitives can make use of both software and hardware resources, making the definition 

of a service in OSI broader. On the other hand, the purpose of a service in SOA is to provide business 

functionality [3][1], therefore broader than in OSI. Furthermore, in SOA services have three essential 

properties: they are self-contained, platform independent and can be dynamically located, invoked and 

recombined. In OSI, however, services are statically defined and invoked and cannot be recombined. 

Recent research in dynamically composing protocol stacks and layers can be seen as an attempt to apply 

SOA principles to communication networks, therefore breaking or enhancing OSI principles such as 

communication restricted to adjacent layers, by cross-layer interactions.  

In SOA, interfaces to services define the identity of the service and its invocation logistics through a 

standard language which can be understood by a machine (e.g. Web Service Description Language). 

Then, this information is published to facilitate dynamic discovery [3]. None of these apply to OSI 

interfaces, which are statically defined as a result of long standardization processes.  



In OSI, layer N can only request a service using service primitives (i.e. means for inter-layer 

communication between service requestor and service provider) from layer N-1. Services in OSI refer to 

communication services and use protocols to achieve their functionality. Entities on the same layer use 

these protocols to move the information from one machine to another. However, services are decoupled 

from protocols so they can use any protocol as long as they perform the same functionality and use the 

same interfaces. 

In SOA, services of different types can communicate with other services via messages, which can be 

seen as equivalent to primitives in the OSI model. Making use of this communication, the composition of 

services can be performed based on the needed functionality, not in a static, pre-defined manner. The 

service functionality and the manner in which they discover other useful services is transparent to third 

parties, similar to the way protocols used by the underlying layer are transparent to the client layer in OSI 

architecture. Therefore the functionality of a service in SOA is logically equivalent to the protocol for 

providing communication functionality in OSI.  

Both SOA and OSI are theoretical models that assume a modular structure and follow a loose 

coupling principle that calls for a clear separation of services from their implementation. While OSI has a 

clear vertical structure, SOA can be both horizontal and vertical. The main difference between the two 

models (see Table 2) is that SOA refers to dynamic composition of services while OSI defines only two 

types of services (i.e. connection oriented and connectionless) and seven functional layers. SOA is also an 

interconnection architecture, as it refers to interconnecting software systems into business applications. It 

is important to note that neither of the two models has been implemented as defined. The dominant 

implementation of a communication architecture is TCP/IP protocol stack, while thus far the only 

implementation of an architecture for business functionality seem to be web services (e.g. Elastic 

Compute Cloud – EC2, Simple Storage Service – S3).  

Table 2 Key similarities and differences between SOA and OSI models 

 SOA OSI 
Model yes yes 

Modularity yes yes 
Decoupling yes yes 

Dynamic composition yes no 

Implemented as is no no 

Implementation  Web services (e.g. EC2, S3) ISDN, GSM, TCP/IP 
 



Future Service Oriented Networks

In this article, we refer to a network which makes use of SOA principles to provide 

transport services as a service oriented network (SON)

layers (OSI) and horizontal through network segments (autonomous systems) and devices as depicted in 

Figure 1. 

Figure 1 End-to-end service composition
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required set of services into a composite service that satisfies the user (application) needs [3][9]. All this 

could be done automatically: finding the suitable services, reserving and configuring the required 

resources (i.e. network and hardware resources using virtualization approach).  

The way this scenario could work is the following. The user (application) issues a request for a 

service (a query). This query can be high level, relatively abstract. The query is translated into lower 

level, less abstract conjunctions. Parts of these refer to application level services and part to transport 

level services. The transport level query mainly refers (but is not restricted) to the quality and price of 

transport service. First, it refers to the access part looking for published access services, and once this 

access part is established, the core part needs to be discovered and reconfigured. Also application level 

services need to be discovered and composed using a similar publish-query approach, however this is 

beyond the scope of this article. The described scenario enables querying for composite services directly 

from the network edge.  

Service and Interface Descriptions 

According to the SOA paradigm, the description of a service and its interface must be published in 

order to become discoverable. The information regarding the service and its interface is logically 

structured in an information model. This information model is encoded using a standard description 

language. The descriptions can range from simple attribute-value pairs, as in the case of Service Location 

Protocol (SLP), to more complicated and more powerful languages such as Web Ontology Description 

Language Services (OWL-S), as in the case of web services. Simple description languages typically 

introduce less overhead but restrict interoperability, since machines cannot interpret them. Conversely, 

more powerful languages, which are designed to encode semantics, are not meant to be read and 

interpreted by humans, but by machines. Therefore semantic dissonances could be handled automatically 

rather than by human intervention. 

The description of a service and its interface is published by the provider in a repository which can 

take the form of a simple database [9] or, if more rich in semantics, the form of knowledge base (KB) 

[11]. A KB is composed of ontology (i.e. an information model and relations between its elements) and 

instances of service offers. The published descriptions (i.e. service offers) can be complete, partial or very 

high level [2]. The higher the level of the description, the more ambiguous its semantics and the harder its 

interpretation.  

Querying for Published Services 



Depending on the implementation of the repository, the service requestors send appropriate queries to 

discover offers with suitable profile (i.e. profile that matches the requestor’s needs). Query is thus the 

mechanism by which a service requestor discovers published services and takes the form of messages, 

describing the requestor’s needs. Queries can be performed through simple keyword search or through 

ontology-structured descriptions. The latter enable agents acting on behalf of requestors to automatically 

discover, invoke, compose, and monitor resources offering services under specified constraints. The use 

of ontology and logic-based reasoning also helps solving any semantic inconsistencies and ambiguous 

descriptions. For the composition of transport services, we distinguish two segments: the access segment 

and the core segment composed of the home autonomous system (AS) and transit ASs. For the access 

segment, layer 2 querying is needed so that the mobile can identify the most appropriate network for 

connection. The more access interfaces are available and the faster they evolve, the higher the need to 

have a flexible and scalable query system that would support technology independent queries and would 

automatically interpret semantics and solve inconsistencies. The IEEE 802.21 standard is moving towards 

this direction as it allows RDF (Resource Description Framework) based query in addition to the binary 

one [9].  

Composition of Services for Information Transport  

As already discussed, SOA principles enable flexibility and dynamic composition of discoverable 

services. In communications the need for flexibility and dynamic service composition for information 

transport is increasing. In the access segment, there is a need for choosing the appropriate access 

technology that allows high Quality of Experience (QoE), calling for vertical service composition [2]. In 

the subsequent IP domains, there is a need to establish service agreements across several autonomous 

systems, where each autonomous system is under different management authority, thus requiring 

horizontal service composition. Protocols for dynamic service composition [8] negotiate contracts, so 

called service level agreements (SLAs) for end-to-end service composition. The part of the SLA 

specifying technical terms is called service level specification (SLS). In a SON, we identify four steps for 

composing the end-to-end transport service: discovering the service, negotiating a SLA for that service, 

configuring the negotiated service and instantiating the service.  

Service Discovery - Transport service discovery can be performed at several layers. In the wireless 

access segment, service discovery can be performed at layers 1 and 2 by detecting the signal, achieving 

physical level synchronization and decoding the broadcast message containing the identifier of the 

potential access point and additional control information (e.g. BCCH message in GSM, BSSID in IEEE 

802.11 and DL_MAP in IEEE 802.16). Proposals for service discovery at layer 3 and above include 



CARD and Gloserv [9], and the IEEE 802.21 standard includes specifications for information discovery 
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or a common layer, sort of a unified link layer, on top of the existing access interfaces. The 802.21 

standard, which is being defined for media independent handover (vertical handover), is designed as a 

layer on top of other access technologies. Although network selection for non-handover purposes is not a 

direct goal of the standard, the underlying mechanisms might be used also for network discovery purposes 

[2].  

Service Negotiation - Once connected to a suitable access service provider, layer 3 and higher 

communication can be established. Thus the next step is to find the integrator to make sure if the required 

service is available. Querying for useful information will be done in a repository maintained by one of the 

providers in the chain. Once the application level service is composed and agreed, appropriate transport 

services that can offer adequate QoS level need to be negotiated. This can be done by dynamic service 

negotiation protocols for establishing SLA/SLS [5]. These include, for instance, RNAP (Resource 

Negotiation and Pricing Protocol) and QoS-NSLP (QoS-NSIS Signaling Layer Protocol) as extensions of 

RSVP (Resource ReserVation Protocol); COPS-SLS (Common Open Policy Service for Service Level 

Specification) [12] as an extension of COPS; DSNP (Dynamic Service Negotiation Protocol); and 

SIP/SDP (Session Initiation Protocol/Session Description Protocol) which is also a high layer discovery 

protocol.  

Service Configuration - Once transport services have been negotiated, devices are configured so 

that appropriate resource allocation is provided to guarantee agreed SLA/SLSs. The configuration can be 

performed by protocols such as SNMP (Simple Network Management Protocol), NETCONF, 

DIAMETER, SIP and COPS. The most recent of these protocols is the XML-based NETCONF, which is 

meant to overcome some of the shortcomings of other protocols such as SNMP [10]. 

Service Instantiation - Service instantiation refers to the actual instantiation of the end-to-end 

composite service delivery. On the transport level this means instantiating virtual routers or configuring 

existing ones, reconfiguring the wireless access part, monitoring the QoS level, etc. It is the role of 

device-specific configuration agents to interpret policy expressed in a standard way and fill in the 

necessary configuration details that are required for their particular application. Ontological 

representations of information models could prove useful for these agents to fill in the missing details 

[11]. 

Access Service Matchmaking for Online Gaming 
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published in the KB. Applications can query for 
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application?” This approach results in faster processing and is conceptually presented 

asoning engine can do pre-



calculations (i.e. perform reasoning as the knowledge is published). However, if the application 

requirements change often this is not the optimal approach. 

• Only instances of interfaces are published in the KB. Applications can query these instances by 

sending queries such as: “Which interface is suitable for the GameX application needing 

192 kbps data rate and 120 ms latency?” This approach takes longer to process (as the reasoning 

is performed when receiving the query as opposed to the above case where reasoning is 

performed when the information is published) but is more suitable for applications which 

frequently change their requirements. 

Focusing on the second approach, a possible query specifying GameX application requirements for a 

given mobile terminal can be: “Get an interface that can satisfy QVGA format, 8 bits color depth and 20 

fps frame rate.” The simplest rule in the KB would translate this into 12 Mbps data rate. Additional 

information that also MPEG4 codec is used would lead to inferring that only 192 kbps data rate is 

required. Matchmaking rules, such as the one given in Figure 4, would then determine which interface is 

able to deliver such data rate. OpenCyc KB and reasoning engine, and CycL language for specifying rules 

Error! Reference source not found. were used for this proof of concept. However, an OWL ontology and 

KB with any logic based reasoning engine (e.g. Racer) could be used as an alternative. 

(implies 
       (and 
           (isa ?X QoSRequest) 
           (dataRate ?X (Kbps ?D1)) 
 
           (isa ?Y QoSAdvert) 
           (dataRate?Y (Kbps ?D2)) 
 
           (or(equals ?D1 ?D2) (lessThan ?D1 ?D2))) 
 
       (matchDataRate ?X ?Y))  

For a tuple (X, Y) where 
 
X is a QoSRequest requiring  
a data rate of D1 Kbps  
and  
Y is a QoSAdvert promising  
a data rate of D2 Kbps 
and  
D1 ≤ D2 
 
then Y is a match for X with respect to data rate. 

a) CycL rule b) Explanation of the rule 

Figure 4 CycL rule for matchmaking: Match all pairs <QoSAdvert, QoSRequest> for which the advert can provide 

at least the data rate demanded in the request.  

In this simple case study, we demonstrated the use of KB (concepts, predicates, rules) for publishing 

the description of the service and its interface, although such basic scenarios would also allow the use of a 

simple database and object oriented programming code. Nevertheless, ontologies provide a more generic 

approach with a wide range of applicability, including common access to information (interoperability) 

and search [14] as used in the GameX example, and they can be used with logic based reasoning engines 



to derive new information. The approach using database schema is meant to structure a set of instances 

for query in a single database. As such it is suitable for any small task with a small number of predefined 

parameters, where writing code can be faster than developing ontology and writing rules. However, once 

the number of possible parameters increases or gets updated frequently, the code can become ever harder 

to maintain. On the other hand, rules reduce the modeling complexity and KBs are easier to extend and 

check for consistency when new knowledge (concepts, predicates, rules) is added.  

Summary and Open Research Issues 

In this article, we discuss the application of the principles of the SOA to an end-to-end service 

composition for information transport. By drawing an analogy with the division of labor, we emphasize 

its impact on increased efficiency and utility, expected to fundamentally change business models for all 

stakeholders in the ICT value chain. We provide a comparative analysis between SOA and OSI models, 

and point out the main similarities and differences. After analyzing SOA in the communication context 

we propose SONs as a general framework for end-to-end information transport service composition. In 

this respect, we pay special attention to service and interface descriptions, to querying for published 

services and to the steps required for dynamically composing services for information transport. As an 

illustrative example of SON implementation, we provide a case study about access network selection for 

online gaming using layer 2 querying. In particular, we demonstrate the KB approach based on semantic 

technology for publishing and querying, and we discuss the advantages of this approach compared to the 

approach making use of database schema and object oriented programming. 

While we conceptually demonstrated the benefits of the SON compared to traditional service 

delivery, the actual implementation requires further research activities in different areas, including, but 

not restricting investigations on: 

• the device level (mobile terminal and devices in the ASs), for instance analyzing the impact of 

the size and expressivity of the KB, and the tradeoff between these and the device limitations. 

• the message level, such as looking into the dependency of the size of the message and the 

language used [9]. 

• the layer 2 querying, especially evaluating if it actually brings any significant benefit compared 

to querying after IP configuration has been achieved. 

References 
[1] L. Siegele, “A Special Report on Corporate IT”, The Economist, Vol. 389, No. 8603, Oct. 25-31st 2008. 



[2] P. Mandic, J. Jaehnert, “Service Oriented Network Selection”, In Proc. International Symposium on Wireless 

Communication Systems, Reykjavik, Iceland, Oct. 21-24th 2008. 

[3] M. P. Papazoglou, W.-J. van den Heuvel, “Service oriented architectures: approaches, technologies and research 

issues”, VLDB Journal, Vol. 16, No. 3, July 2007.  

[4] “Reference Model for Service Oriented Architecture 1.0”, OASIS Standard, October 12th 2006, http://docs.oasis-

open.org/soa-rm/v1.0/soa-rm.html. 

[5] D. Saha, S. Sahu, A. Shaikh, “A Service Platform for Online Games”, NetGames, Redwood City, California, USA, 

May 22-23rd 2003. 

[6] K.-T. Chen, P. Huang, G.-S. Wang, C.-Y. Huang, C.-L. Lei, “On the Sensitivity of Online Game Playing Time to 

Network QoS”, INFOCOM, Barcelona, Spain, Apr. 2005. 

[7] T. Magedanz, N. Blum, S. Dutkowski, “Evolution of SOA Concepts in Telecommunications”, IEEE Computer, Vol. 

40, Issue 11, Nov. 2007. 

[8] V. Sarangan, J.-C. Chen, “Comparative study of protocols for dynamic service negotiation in the next-generation 

Internet”, IEEE Communications Magazine, Vol. 44, Issue 3, March 2006. 

[9] A. Dutta, S. Madhani, T. Zhang, Y. Ohba, K. Taniuchi, H. Schulzrinne, “Network Discovery Mechanisms for Fast-

handoff”, International Conference on Broadband Communication, Network and Systems, San Jose, California, Oct, 1-

5th 2006. 

[10] C. Jacquenet, G. Bourdon, M. Boucadair, “Service Automation and Dynamic Provisioning Techniques in IP/MPLS 

Environments”, John Wiley & Sons, Apr. 2008. 

[11] I. G. Ben Yahia, E. Bertin, N. Crespi, “Ontology-based Management Systems for the Next Generation Services: State-

of-the-Art”, Third International Conference on Networking and Services, Athens, Greece, Jun. 19-25th 2007. 

[12] T. M. Trang Nguyen, N. Boukhatem, G. Puiolle, “COPS-SLS usage for dynamic policy-based QoS management over 

heterogeneous IP networks”, IEEE Network, Vol. 17, Issue 3, May-Jun. 2003. 

[13] C. Matuszek, J. Cabral, M. Witbrock, and J. DeOliveira, “An introduction to the syntax and content of Cyc”, AAAI 

2006, AAAI Press, Menlo Park, CA, 44¬49, 2006. 

[14] M. Uschold, M. Gruninger, “Ontologies and Semantics for Seamless Connectivity”, SIGMOD, Vol. 33, No. 4, Dec. 

2004. 

 


