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Introduction 

There is a long-standing problem in computer science surrounding the development of 
applications that integrate or interoperate with other applications. Solutions in this space historically 
involve tight couplings between the communicating entities, are difficult to scale and are not sufficiently 
generic to allow new entities to be included easily. An architectural technique to help address the 
problem, that is becoming more and more popular, is the use of Services-Oriented Architectures (SOAs). 
SOAs, now typically implemented using Web Services1, help in this area by providing a layer of 
abstraction that hides the called system from the system doing the calling. This abstraction allows the 
called system the flexibility to change its underlying implementation without affected the calling system. 
This protects the calling system from having to undergo change to account for every change in the called 
system, and effectively separates the two. After this separation, the called system is simply providing a 
service to the calling system (e.g. booking a flight, or returning the current temperature in a given zip 
code)—hence the term service. 

Why SOA? 

Why should architects add this additional layer of complexity to their already complex 
solutions? Does this additional abstraction not just make the solution that much more difficult to 
develop and maintain? Absolutely not! This additional abstraction layer can actually increase both 

                                                           
1
 Web Services are (typically) remote functions that exist in a format callable via eXtensible Markup 

Language (XML) exchange over Internet Protocol (IP). 



developer productivity during initial construction and the ability to respond to modifications needed 
during maintenance much more quickly. During construction, this allows architects and developers to 
work on both the calling and called systems (if they are responsible for both) at the same time. As soon 
as a service contract (or a way of calling a service) is decided, the two systems can be developed in 
parallel, without each set of developers having to spend precious time concentrating on how the other 
set of developers is constructing its pieces. This allows the team to function in a more cohesive, agile 
fashion and create solutions quicker. 

In addition to being able to create end-to-end solutions quicker (and, typically, cheaper), there is 
an increased ability to share, or reuse, the created systems. Thinking of software in terms of services 
causes architects and developers to encapsulate2 portions of their solutions naturally. These loosely 
coupled, encapsulated services can then be used by other calling systems. Depending upon the 
complexity of the called systems, this type of reuse can further drive down costs and compact 
schedules. 

An Example: Total-Travel 
 

The easiest way to illustrate the problem areas addressed by SOA and to provide a basis of 
understanding for addressing those problems is by example. Consider a notional travel-booking system, 
Total-Travel, which provides the following capabilities, all of which are optional, to would-be travelers: 

 Housesitting 

 Airport Transportation 

 Airline Travel 

 Hotel Reservations 

 Vehicle Rental 

 

It would be relatively straightforward to implement this application if all of the services were 
hosted by the same company in an n-Tier3 architecture, and under a common configuration control. This 
design is shown below in Figure 1. 

 
                                                           
2
 To encapsulate is to package related items together in a single unit. Often this practice also results in 

information hiding which restricts knowledge of implementation detail to the smallest logical level. 
3
 N-Tier is an architectural paradigm where different functional levels, or tiers, are used to separate 

architectural units. For example, the data tier would be separate from, and potentially remote from, the business 
and/or presentation tier(s). 



Figure 1. Notional Total-Travel System as n-Tier 

In this diagram, the Total-Travel system has direct access to each of the required subsystems 
(e.g. Housesitting, Vehicle Rental, etc.). This architecture exhibits the principle problems outlined above 
(tight coupling, slower development and maintenance cycles, etc.). If the system were designed in a SOA 
paradigm, using Web services, the design would look similar, but with the Web service abstractions 
shown in Figure 2 below. 

 

Figure 2. Notional Total-Travel System as Simple SOA 

In this model, so long as the Web Service interface description is constant, the Total-Travel 
system and the individual services can be modified and updated independently, thus benefiting from 
increased productivity and maintainability. This model takes us a long way toward addressing our 
underlying problem; however, there are still several open issues. First, the Total-Travel system should 
allow users to select a preferred airline or hotel chain, in the event that they have rewards programs or 
other preferences. The system above only allows one service to fill each need, which precludes this user 
story.  

To address this issue, each of the Web Services in the above system should be replaced with a 
Service Broker4. This Service Broker would be called by the Total-Travel system, and would, based upon 
user preferences, select the appropriate service to fit each need the user has specified. The Service 
Broker could also be extended to include agents, which are software entities responsible for taking 
actions on a caller’s behalf. A likely use of such agents would be to look for low-cost providers by calling 
the possible services and comparing results. Then, the Service Broker can return the results of a call that 
matches the user’s needs, while considering preferences and ordering by price. This model is shown in 
Figure 3 below. 

                                                           
4
 A Service Broker is used to abstract the actual service call from the system calling the service. This is 

done to allow multiple services to fulfill the request. For example, if a service broker abstracts the calling of a 
service that returns the temperature for a given city, the service being used can be swapped out for another 
service (e.g. if the original service incurs a cost when it did not before), without the knowledge, or required 
modification of the calling system. 



 
Figure 3. Total-Travel with Service-Broker and Agents 

The system shown in Figure 3 addresses almost all of the requirements of a comprehensive 
travel system. The missing piece is transactional integrity5. If the Service Broker returns a result set, and 
by the time the user books that set, it is no longer available, or the price has changed, then the entire 
set of reservations likely needs to be rolled back to prevent partial bookings. The introduction of a 
Distributed Transaction Coordinator (DTC) can help solve this last issue. In this scenario, the user selects 
and books their itinerary and the DTC ensures that if any transaction fails, the transactions that were 
committed are rolled back or compensated. This DTC would exist inside the Service Broker or between 
the Service Broker and the agents if all pieces were separate.  

This final solution, including the service broker and DTC would be exceedingly difficult to achieve 
without the use of a SOA. The access to, or authorship of, such disparate systems as booking 
housesitters and booking airline tickets, would be a real technical, and coordination, challenge. If 
multiple companies hosted the systems, and a SOA were not used, the level of collaboration required 
would be nearly impossible to achieve, especially if you consider that similar collaboration would be 
necessary with competitors of Total-Travel. 

                                                           
5 In this case, transactional integrity is defined as allowing service composition in such a way 

that if any essential service fails, the entire composition of services can be rolled back or compensated. 
This is similar to transactional integrity in a database, where if some part of a transaction fails, the entire 
database transaction is rolled back or compensated. 



What to Look Out For 

With all that said, what are some of the things to consider when implementing a SOA? In a 2007 
Gartner publication (1), the authors outlined 12 mistakes frequently made by companies implementing 
SOA solutions, primarily those conducting a first-time implementation. That list, along with brief 
summaries of each issue, is presented below, followed by some additional mistakes commonly made.  

Gartner List 

 Irrational SOA Exuberance – Many architects and developers new to SOA are tempted to 
bolt a web service onto a typical class structure. This seemingly natural tendency to expose 
a typical class interface suffers from the mistake of assuming that services and classes are 
similar enough so as to be treated the same. In fact, services are most often compositions of 
capabilities provided by classes. Therefore, while this tendency may seem natural for those 
comfortable with object-oriented6 methods, it is very unnatural for those trying to consume 
such services. 

 Forgetting the Data – Gartner suggests that architects design services in such a way that 
they are coordinated closely with the underlying data model. More on this later, in the 
Additional Considerations section below. 

 Leaving SOA to the “techies” – A good SOA design considers not only the model that the 
architects and developers deem appropriate, but also the design that meets the 
requirements of the business stakeholders. 

 Succumbing to “Not-Invented-Here” Syndrome – It is often perceived as more difficult to put 
a service façade (2) onto a legacy environment than it would be to recreate it. Not only is 
this a fallacy (2), but it can an exorbitant amount of time to a development schedule. 

 Starting Too Big – Since SOA is a long-term business strategy and commitment, 
implementers should spend the time to understand their SOA needs, and incrementally 
implement them. Trying to do it as a big bang approach causes systems to suffer from not 
being able to leverage knowledge gained along the way. 

 Starting In The Wrong Place – Be careful not to make unthinking services that are likely to 
have a too specific use, such as fulfilling a single need by a user interface, and instead take a 
more holistic approach. 

 Assuming That Everyone Thinks Like You – SOA is different things to people at different 
echelons in the organization, or in different roles. Recognizing that stakeholders each have 
their own unique perspectives helps to prevent myopic decisions. 

 Choosing Dictatorship to Combat Anarchy – While a Center of Excellence (COE) should 
coordinate the SOA endeavor, the decisions should be federalized, that is to say made by a 
group with representatives from multiple stakeholder areas, as much as possible. 

 Underestimating the Technical Issues – Technical issues abound in a complex SOA 
environment. Make every effort to account for the various permutations that will inevitably 
affect the overall solution. 

 Allowing Unshareable Services to Proliferate – Try to maximize the number of shareable 
services, thereby minimizing the overall number of services. Using the smallest number of 
services possible allows for a simpler, more maintainable solution. 

                                                           
6
 A software development technique in which a system or component is expressed in terms of objects and 

connections between those objects. (2) 



 Excessive Centralization – Relatively few services deployed are relevant for multiple areas 
across the organization. Do not spend an abundance of effort trying to centralize services 
that are not in multiple use. 

 Selling Your SOA Before You’re Ready – Until you have experience in creating and sustaining 
SOA efforts, usually obtained by implementing small-scale SOA solutions for internal use, do 
not try to sell your abilities to do large-scale complex SOA solutions. 

Additional Considerations 

More on the Data Model 

As outlined above, Gartner suggests that you not forget the data model when designing your 
SOA interfaces—that you should try to coordinate closely with the underlying data model. An important 
thing to also consider is that, while you should not forget your data model, your SOA interface should be 
designed with the users in mind, not the implementers. If the SOA implementation creates composite 
(from the point of view of the data model) structures, it is preferred to allow such composition, as 
opposed to restricting it since it differs from the data model. If performance becomes an issue, the data 
model may need to be amended (e.g. through the introduction of Views) to keep performance to an 
acceptable level. 

Performance Considerations 

It is largely the case that SOA implementations using Web Services are less performant than 
alternative solutions using direct access. However, do not discount SOA on performance without taking 
objective metrics. In addition, you should consider optimizing for developer productivity, only making 
productivity sacrifices for system performance if the solution has proven to be outside of required 
service-level agreements. 

Conclusion 
There is an abundance of applications where SOA solutions not only facilitate development, but result in 

systems that are more extensible, easier to maintain, deploy and upgrade and, as a result, have a lower lifecycle 
cost. These applications typically fall into one of two categories:  

1. Applications designed to interoperate with external or third-party systems  
2. N-tier applications where the tiers may be logically or spatially distinct  

We have seen one case of an application designed to interoperate with external or third party systems in 
the Total-Travel example outlined in the preceding sections. Many other examples exist, but they are similar in 
nature to Total-Travel. The other case is more interesting.  

Consider the presentation and business layers. The presentation layer of an n-tier application is 
responsible for rendering the application to the user. Typically, it is graphical in nature, accepts user input and 
performs actions based upon that input. Often, business rules are incorporated into the presentation layer during 
software construction. The intermingling of business logic into the presentation layer makes the presentation, or 
business logic, code more difficult to isolate and manage.  

The standard solution for this tight coupling issue is to divide the presentation layer from a separate 
business layer, which is responsible for all of the business rules. Once this is accomplished, the coupling between 
presentation and business logic is broken, making maintenance and modification much easier.  

Traditionally, these two layers have interacted directly, or by remote procedure calls (remoting in 
Microsoft’s .NET platform). More and more, in modern applications, these two layers are interacting via Web 
Services. This allows the presentation and business layers to be separated not only logically, but also physically, 



thus distributing the computational workload, isolating business changes, and providing for server redundancy on 
the business layer.  

These forms of interaction by services are what make SOA such a strong architectural pattern in the 
software development world. It allows applications to be more easily extensible, gives them the ability to easily 
distribute workload by spatial separation, making them more scalable, and breaks the tight coupling between 
applications or application tiers making them easier to deploy independently.  
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