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FROM THE EDITOR

The Rise of 
the Machine
WRITTEN BY SEAN RHODY

About the Author

Sean Rhody is the editor-in-chief of SOA World Magazine. He is a respected industry expert and a consultant with a leading 

consulting services company. sean@sys-con.com

Many recent science fiction novels deal with the concept of nanites – tiny bits of 
computers than can aggregate themselves to form new larger composites to assist 
their host. These concepts typically relate to making human cells self-healing, 

but they also have their sinister aspects, like the terminator, made out of liquid living metal 
in the last movie, who could reconfigure himself at will into any shape, and 
recover from any injury.
 While this may seem like fantasy at the moment, there’s a quiet revolution 
going on in the computing industry that makes this dream (or nightmare) 
one step closer to reality. Oddly enough, it’s all a part of service-oriented 
architecture. 
 The underpinnings of any SOA are based on a service-oriented infra-
structure, which basically creates callable, configurable services out of the 
lower-level components that make up an application infrastructure. Many 
of these services are familiar as system services – single sign-on, auditing, 
security management, reporting, etc. But what is fascinating in this world is 
the change that is taking place in the guts of the hardware.
 Space in a data center is always at a premium, as is computing power. The natural tendency 
to try to pack more computing into the same space has been taken to its extreme conclusion 
with recent advances. Multi-core chips put two, four, or even more CPUs in the space previous-
ly occupied by a single CPU. Processing power is exploding like never before, and with cheaper 
memory and disk costs, the machines of today under the average user’s desktop pack more 
processing power and capacity than many supercomputers of the previous decade. 
 All this would be trivial, except that with this rise we’ve also seen some very interesting 
services developed along with the silicon. Virtualization is a key part of the new wave of 
computing. With the ability to share resources down to as little as a 1/10th of a CPU, virtu-
alization provides an amazing degree of flexibility.  
 Many developers and project leaders will tell you that the infrastructure costs for disaster 
recovery and testing are prohibitive. It is frequently impossible to fully fund multiple 
environments to support such requirements. With the advent of virtualization, the DR 
environment can be the testing environment under normal conditions, and then, at a time 
of emergency (or even just a request for increased capacity), can reconfigure itself quickly, 
ratcheting back or eliminating testing completely to become a full production environ-
ment, much like our terminator changing from one form to another.
 The key to all of this is a service-based approach that allows for definitions of environ-
ments to be modified in response to changing environmental conditions. Theoretically no 
human intervention is even necessary – fail over at the router or load balancer will trigger 
a service call that can make the transition happen automatically. Similarly, with the return 
to service of a primary site, the fail back of the environments can reconfigure the disaster 
recovery site back to a testing environment.
 Nor is this a binary condition – testing comes in different flavors and it’s easy to imag-
ine having multiple virtual environments to switch to – some with additional horsepower 
to support performance testing, others with less capacity to support functional testing 
instead. With automated testing tools, this can even take place in the complete absence of 
human intervention. At night the machines run themselves; in the morning, the humans 
analyze the results and plan the next evening’s run.
 Hundreds of other possibilities exist, from automating existing processing assignments, 
to reconfiguring networks, to adding additional disk capacity from a farm, the ability to 
morph and change the infrastructure is increasing rapidly.
 Fortunately we’re a long way away from sentient machines, and time travel still appears to 
be a fantasy with no real hope of ever happening. But the rise of SOA is certainly upon us.   
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SOA, On-Demand, 
Becoming a Reality

ON-DEMAND

If you’ve kept up with SaaS and SOA you know that Salesforce.
com does an on-demand SOA solution. Apex is its on-demand 
development and deployment platform, including a complete 

development environment, programming language, database, and 
now the ability to create, expose, and consume Web Services.
 Its on-demand platform has been evolving for some time, and 
now it’s moving into the SOA space with an offering that’s both 
disruptive and innovative. I’m not sure too many out there saw 
SOA on-demand coming, but if anybody can pull it off, Salesforce.
com can.

From its press release:   
 “Salesforce SOA will provide the ability to mashup salesforce.com’s multi-tenant on-
demand service with enterprise workflow and business processes to enable new kinds of 
enterprise applications on-demand. As a new capability of the Apex programming language, 
Salesforce SOA will enable SOA-based business processes, such as enterprise applications, 
to be created, maintained, and leveraged on-demand. SOA business processes will become 
virtual and sharable, and benefit from the scalability and agility of the on-demand model.” 

 The multi-tenant Salesforce platform provides a feature set for building business ap-
plications such as models and objects to manage data, a workflow engine for managing col-
laboration between users, a user interface model to handle forms and other interactions, 
the Salesforce API for programmatic access, mashups, and integration with other applica-
tions and data, and the Apex programming language. 
 This is the first of many steps that Salesforce.com will take to drive its on-demand plat-
form further into the market. It just makes logical sense when you consider that it’s a huge 
service provider, and the companies are leveraging Salesforce.com for their business pro-
cesses delivered through a subscription-based service. Now, you can take those processes 
and services and bind them to processes and services inside your enterprise, between your 
customers and partners, and do so using a SOA infrastructure that you also leverage using 
a subscription service. It’s also an application development platform, letting you create and 
integrate your own on-demand business applications. 
 Those who leverage “Salesforce SOA” now will include current Salesforce.com subscrib-
ers that need to integrate their internal processes and services with Salesforce.com and 
build new business processes and new application functionality as well. They will find this 
approach more cost-effective. 
 As the Salesforce.com SOA stack gets more mature and better known, Salesforce.com 
may find that Salesforce SOA users, many of whom are not current Salesforce.com sub-
scribers, will be leveraging Salesforce SOA as an inexpensive way to get into the world of 
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Service Oriented Architecture (SOA) has emerged as a prom-

ising harbinger of agility, but is certainly not without its crit-

ics. Although SOA is not a new concept, it’s not a mainstream 

approach and has not yet demonstrated widespread, repeatable 

success. It’s no surprise then that it’s often met with passion-

ate resistance. Given the lack of SOA case studies and the fact 

that it usually demands a dramatic departure from the norm, 

SOA is often sidelined to make way for the more traditional, 

generally accepted point-to-point (P2P) integration approach. 

In the absence of objective SOA performance data, the industry 
needs a simple model that compares the distinguishing charac-
teristics of SOA and the P2P approach on a fundamental level so 

that we can make more objective judgments about the fi t of SOA in 
our enterprises. This article presents such a model and demystifi es 
the short- and long-term fi nancial effects of each, illustrating that 
although each is aimed squarely at the goal of enterprise integra-
tion, their effects on the bottom line are vastly different – in fact 
exactly opposite. 

 This model demonstrates that a service-based IT infrastructure is 
signifi cantly more fi nancially sound than a point-based IT infra-
structure when integrating a heterogeneous IT environment. Ap-
plying traditional enterprise architecture practices to the challenge 
of building agility is not only a recipe for disaster, but companies 
that currently rely on point-to-point solutions are likely to already 
be caught in fi nancial quicksand.

The Anatomy of Agility
 To effectively compare P2P and SOA they must fi rst be put on a 
level playing fi eld. This model assumes that the primary goal of IT is 
to leverage its technology and resources in a way that maximizes its 
value back to the business. Since today’s businesses demand quick 
action in the face of accelerating change, speed of delivery is an in-
tegral component of the IT value proposition. Therefore, each of the 
two approaches will be evaluated on its ability to provide and sustain 
IT agility while maximizing return on investment (ROI). Before we 
dive into the math we need to defi ne what agile IT looks like.
 Fundamentally, companies need their IT organizations to turn 
strategic business ideas into valuable technology solutions as 
quickly as possible. However, what is considered quick for one 
company may be lethargic for another, which makes it diffi cult to 
establish a universal benchmark of agility. But let’s assume that the 
market will select for the quickest companies, who are likely to have 
achieved as close to zero latency as practicable for their industries. 
For our purposes, agility is characterized by IT’s ability to turn solu-
tions around almost instantly.  

Bottom Line 

SOA
The Economics 
of Agility

P2P

WRITTEN BY MARC RIX 
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 For IT as an organization to operate in real-time, its infrastruc-
ture must also operate in real-time. This means that the technology 
that goes into producing solutions must be ready to be integrated 
and delivered at a moment’s notice. Building such a product invari-
ably involves blending the capabilities of many software functions 
from multiple sources into a unified package. So each component 
function must be ready to be called into the game at any time. 
 Furthermore, functions are chained together in different se-
quences to serve different business needs. And with potentially 
hundreds, or even thousands, of useful functions teeming in the 
typical enterprise, the number of possible combinations is enor-
mous. To be agile, IT must assume that any of these integration 
“value chains” may need to be shrinkwrapped and delivered to the 
business at any time. The only way to meet this extreme, real-time 
integration challenge is to preemptively link every component in 
the enterprise to every other component. Otherwise, the integra-
tion work must occur after the order comes down from the busi-
ness, thereby increasing time to delivery and diminishing agility. 
Through total connectedness IT can assemble applications by sim-
ply activating pre-integrated chains of components in a sequence 
that suits the business. This takes the integration step out of the 
delivery cycle and moves IT toward real-time execution. But what 
does a fully connected, agile IT infrastructure cost?

Measuring ROI
 The primary unit of investment in the agile IT environment is the 
dedicated connection – the physical bit of infrastructure that links 
one component directly to another. Physical connections provide a 
transport mechanism through which information can flow between 
otherwise isolated functions. Component integration, and thereby 
total enterprise integration, can’t happen without them.
 Each connection, of course, comes with a price tag, which 
represents the sum of all short- and long-term expenses associated 
with keeping the connection in working order. Short-term costs 
encompass the work required to build the connection, such as 
planning, designing, implementing, and testing. Long-term costs 
stem from the work required to maintain the connection over time 
such as bug fixing, upgrading, and enhancing. Since these costs 
are directly related to work performed by humans, we will consider 
them all labor expenses and base them on an average blended labor 
rate. The investment portion of the ROI equation, therefore, will be 
the total ownership cost (i.e., the aggregated lifetime labor cost of 
owning each dedicated connection) of operating a fully connected, 
change-ready IT infrastructure.
 Each time a component is linked to another, value-added infor-
mation emerges from the IT environment. The connectedness of 
that environment lets IT combine information in new ways that are 
of value to the business. The more integrated nodes there are in the 
network, the more ways information can be creatively assembled 
the more value can be extracted. Of course, not all relationships be-
tween connected nodes will be active all of the time, which suggests 
a distinction between active links and passive links. 
 Active links are integration relationships that are “online.” They 
are in use and serve a concrete business need. Passive links are rela-
tionships between components that exist but are inactive because 
the value provided by the relationships isn’t currently in demand. 
When a business need calls for them, though, they are quickly 
switched on and become active. Whereas active links provide actual 
value to the business and can be used to measure the present value 
of the network, passive links provide potential value and can be 

used to measure the future value of the network. Since agility is a 
measure of both the present and future performance of IT, we are 
interested in both active and passive links. Therefore, the total re-
turn delivered by an agile IT infrastructure is the combined value of 
all active and passive connections. The ROI of the network is simply 
an expression of the difference between total value and total cost.
 Now we are ready to begin the analysis. The remainder of the 
article compares two approaches to achieving total enterprise inte-
gration and evaluates them based on the ROI the resulting integra-
tion network offers back to the business. The first is the “classic” 
approach to enterprise architecture, characterized by simple point-
to-point connections between isolated components and often 
favored for its simplicity and historical success at meeting business 
needs. The second is the SOA approach, characterized by loosely 
coupled reusable links between components and gaining popular-
ity for its overall flexibility.

The ROI of P2P
 IT traditionally tackles integration challenges reactively, respond-
ing to the arrival of concrete business requirements with the com-
mencement of a software development lifecycle. Since the process 
unfolds within the scope of a funded project with defined schedule 
and resource constraints, the traditional model rewards IT for quick 
solutions that don’t inject complexity beyond that required to satis-
fy the immediate business need. Any deviation outside the defined 
boundaries of the project is generally construed as unnecessary 
risk. Consequently, components are integrated using methods that 
have minimal impact on the project plan. The method that fits this 
profile best is the P2P approach, in which all isolated components 
are joined together through direct physical connections.
 The benefits of this approach are its simplicity, low upfront costs, 
and long-standing reputation for getting the job done. Devel-
opment teams aren’t burdened by technical requirements that 
don’t relate directly to the business solution and managers aren’t 
accountable for expenses that don’t directly support their project 
objectives. The consequence, though, is that each integration solu-
tion provides little or no value to any business case other than the 
one for which it was specifically designed. Because reuse is not a 
consideration, each IT component must have a dedicated, physical 
connection to all the others to achieve total connectedness. Let’s 
examine the economic implications of this approach. 

 Suppose we have an IT infrastructure, or segment thereof, 
consisting of 10 components that each perform a business func-
tion (e.g., “create application,” “calculate credit score,” “authorize 
user”) that has value outside its native system. We wish to link 
them all together into an agile, change-ready network. As illus-
trated in Figure 1, we begin by linking two nodes together, yielding 
one connection. Adding a third node, we must link it to each of 
the first two. Adding this node has caused the total number of 

Figure 1: Evolution of a P2P network

 GRAPHICS BY BRIAN TEIFER
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connections to increase to three. Adding 
the fourth node requires linking it to each 
of the existing three, producing a grand 
total of six dedicated connections. 
 Interestingly, each time we add just a 
single node to the network, we must build 
more than one connection to link it in. In 
fact, the number of new links required is 
proportional to the size of the network at 
the time the component is added. Specif-
ically, linking every component to every oth-
er component will require N(N-1)/2 physical 
connections, where N is the total number of 
components, or nodes, to be included in the 
network. When we are fi nished networking 
all 10 of our example nodes we will be left 
with 10(10-1)/2 = 45 physical connections, 
as depicted in Figure 2.
 Let’s now assume that each connec-
tion has a fi xed lifetime cost. (In reality, of 
course, individual build-out and ongoing 
maintenance costs will vary, but every IT 
organization should be able to calculate a 
reasonably accurate approximation based 
on average labor costs and useful life.) For 
example, let’s say it takes, on average, 40 
hours of labor at a blended rate of $50 an 
hour, or $2,000, to build each connection. This puts our total up-
front integration cost at $2,000 * 45 = $90,000. 
 As for maintenance, let’s say that each component will need 
to be materially changed – such that the nodes it’s connected to 
must be correspondingly changed – once during its useful life. 
Each change by itself requires an additional 10% of the initial 
build-out cost – in this case, $200 (.10 * $2000). At face value this 
may seem perfectly manageable, but remember that since each 
node is connected to every other node, every change will affect 
every node regardless of where the change originated. A change to 
one node will cause all nine of its linked nodes to change. At $200 
apiece, the bill comes to $2,000. Multiply this by the 10 indepen-
dent changes that we anticipate and the total maintenance cost 
of the network comes to N2 * ($200) = $20,000. The total lifetime 
cost of our 10-node P2P integration network is $90,000 + $10,000 = 
$110,000. 
 This doesn’t seem too scary, but then again, we limited our IT 
infrastructure to just 10 components. It’s doubtful that a company 
could react to change in real-time with only 10 high-value business 
functions at its disposal. The optimal size of the network will vary 
from company to company but it’s probably safe to assume that it 
includes at least 100 nodes, especially when considering the range 
of valuable HR, CRM, contract, billing, security, logistics, loan origi-
nation, analytics, and other functions that may be present in any 
given IT environment. Running the cost fi gures above for a network 
of 100 fully connected nodes yields a total build-out cost of $9.9 
million and lifetime maintenance of $2 million, for a total cost of 
$11.9 million. Taken a step further, a very large IT shop may need to 
network 200 or more nodes to be agile, at a total cost of more than 
$47.8 million. Frighteningly, as the number of nodes doubled from 
100 to 200, the total cost more than quadrupled. 
 The P2P model does do an excellent job of keeping integration 
costs low at the project, or microeconomic, level. Since this is the 

scale at which IT historically evaluates suc-
cess it’s no wonder that this is the predomi-
nant approach today. The ugly truth behind 
this approach is that big problems begin to 
hatch at the enterprise, or macroeconomic, 
level very quickly. Each new low-cost, tightly 
coupled P2P connection added to the enter-
prise has a non-linear, compounding effect 
on the total lifetime cost of the overall IT 
infrastructure. The P2P cost model increases 
exponentially as the size of the network 
increases linearly, as illustrated by the cost 
curve in Figure 3. But this is only half the 
story. What does IT gain by investing in 
point-to-point architecture? 
 Every connection in the P2P network 
has exactly two endpoints: an information 
source, or provider, and an information 
sink, or consumer. Since the connection 
exposes the functionality of one provider 
node to a single consumer node, the busi-
ness gains one unit of value from the invest-
ment in the connection. As a rule then IT 
can expect a return on investment of one 
unit of value (whatever it defi nes that to be) 
per connection in the integration net-
work regardless of the size of the network. 

Therefore, the total value of the complete network of connections 
increases linearly as nodes are linked together. The value of a P2P 
network is equal to the sum of the individual values of its physical 
connections. Put another way, the value of a P2P network is equal 
to the sum of its parts.
 Looking at the cost curve and value curve together (Figure 3) 
reveals a striking characteristic of the P2P network: the value of the 
network increases linearly over time while its costs increase expo-
nentially. With the addition of each component, more money must 
be invested to eek out the same rate of return as the component 
before it. As a result of this phenomenon, short-term gains realized 
at the project level can explode into massive losses at the enterprise 
level. Indeed, this analysis paints an ominous portrait of traditional 
IT spending, but let’s see if the service-oriented approach can do 
any better.

The ROI of SOA
 Service-oriented architecture differs from the point-to-point 
approach in that it avoids dedicated hard-wired connections 
between components. Instead, components exchange information 
indirectly via shared middleware services, which act together as a 
distribution “hub” for messages traveling between isolated nodes. 
Components in a SOA network always interact with the service hub, 
never directly with each other. Moreover, the link any component 
has with another component is a virtual link, in that the two are 
connected implicitly via the hub, not explicitly through a physical 
connection to each other. This architecture shields any node in the 
network from the technical details of all other nodes, resulting in 
a web of loosely coupled integration relationships that spans the 
IT infrastructure. This characteristic of SOA is extremely powerful 
because it signifi cantly reduces the number of dedicated connec-
tions, and therefore overall costs, required to build and operate a 
fully integrated agile network.

Figure 2: N(N-1)/2 dedicated P2P connections
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Figure 3: Exponential P2P costs yield linear value
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 Let’s apply the SOA approach to our 10-node infrastructure. 
Just as with the P2P approach, we begin by linking two nodes to-
gether. This time, however, we must incorporate the service hub 
as an intermediary between the two functional nodes. We see 
right away that this requires more architectural complexity than 
creating a point-to-point link between two nodes. To begin with, 
the service hub represents an additional piece of infrastructure 
that must be added to IT’s inventory. Next, two physical connec-
tions (one from each node into the hub), instead of one, must be 
built to complete the integration. Unfortunately, this increase in 
complexity naturally begets a corresponding increase in spend-
ing.
 Our first two nodes have yet to be linked and there are already 
clear signs of cost increases compared to the P2P approach. Proj-
ect-oriented, date-driven IT organizations have a big problem with 
how SOA presents itself at this level. Managers are apprehensive 
about taking on the burden of delivering this extra layer of com-
plexity and project controllers are reluctant to approve funding 
for it. At this microeconomic level, it’s easy for SOA to be stifled 
because it inflates scope and budget precisely where scope and 
budget are scrutinized most heavily. However, welcoming a bit 
more investment at the project level can pay off handsomely at the 
enterprise level.
 Continuing with the example, things begin to improve as soon 
as we get beyond integrating the first two nodes. (Figure 4) In the 
P2P model, linking the third node into the network required two 
additional physical connections. In the SOA model, one is suf-
ficient. Because the first two components are already members of 
the network, node three gains access to them implicitly via virtual 
connections through the hub. Similarly, the fourth node gains 

virtual access to all existing nodes when it’s attached to the hub. 
By contrast, linking the fourth node into the P2P network required 
three additional physical connections. 
 When all 10 nodes have been fully integrated into the network, 
that is, when all 10 nodes can share data with all other nodes, the 
network will be composed of just 10, or N, physical connections 
– less than a quarter of those required by the 
P2P network. Only one additional physical 
connection is required to fully link one ad-
ditional node to a service-oriented network, 
regardless of the size of the network. (Figure 
5) Now that we know how many connec-
tions there will be, let’s examine what it will 
cost to build and maintain them. 
 Again, each connection has a total cost 
comprised of initial build-out and lifetime 
maintenance expenses. We will assume 
that connecting a node to the service hub 
entails roughly the same complexity as 
linking it to another node, so the build-out 

cost of each physical connection will remain $2,000. However, 
the additional cost of the service hub itself must be accounted 
for. 
 For simplicity’s sake, we will spread hub expenses evenly over 
the network as a “tax” on each connection. The complexity of 
the service hub should grow with the complexity of the net-
work so that hub costs are kept commensurate with connection 
costs. We will tax each connection at a very generous flat rate of 
100%, meaning that each integration project will allocate equal 
resources to building connections and enhancing the service 
hub. This effectively doubles the build-out cost of each connec-
tion to $4,000. The resulting build-out cost of our 10-node, fully 
connected service-oriented network comes to N * ($4,000) = 
$40,000. 
 We will assume again that maintenance costs equate to 10% of 
the build-out cost per connection – in this case $400. This time, 
though, we don’t have to account for tight coupling between nodes. 
When a node changes materially in a SOA network the change is 
insulated from all other nodes. At most, the service hub will have to 
be brought into compliance. We will conservatively assume that this 
will always be the case; a change to one node will always require a 
corresponding change on the hub. This will produce a lifetime node 
maintenance bill of N * 2 * ($400) = $8,000. 
 In addition, the hub itself represents a new source of ongoing 
maintenance. When it changes, the effect will likely reverberate 
through the network requiring corresponding changes to all nodes. 
Again, let’s say this happens once during the life of the network and 
equates to (N+1) * ($400) = $4,400. Summing the two maintenance 
figures gives a total SOA network maintenance cost of $12,400, 
yielding a total lifetime cost of $52,400 – roughly half the total cost 
of the P2P network. A 100-node SOA network would cost $120,400 
(1% of the cost of a comparable P2P network). A 200-node SOA 
network would cost $240,400 (0.5% the cost of a comparable P2P 
network). In the case of SOA, doubling the size of the network from 
100 to 200 nodes also doubles its total cost, producing a linear ef-
fect. 
 Let’s now look at return on investment. Recall that, in general, the 
return on one connection is a function of the number of nodes that 
can leverage the connection. In the P2P network, each connection 
links one provider to one and only one consumer. Thus, the return 
on a single P2P connection is always one unit of business value. On 
the other hand, each physical connection in the SOA network links 
one node to all other nodes via virtual connections through the 
hub. The return on a single SOA connection then is proportional 
to the size of the network. This means that the value of the SOA 
network increases exponentially as its size, or number of nodes, 

increases. The value of the SOA network is 
greater than the sum of its parts.
 Examining the SOA cost and value 
curves together in Figure 6, we see that the 
graph mimics the P2P graph almost exactly: 
each contains one curve with a linear 
progression that intersects a curve with a 
non-linear progression. The fundamental 
difference, however, is that the curves’ labels 
have been swapped. The exponential P2P 
cost curve has evolved into a linear SOA 
cost curve and the linear P2P value curve 
has evolved into an exponential SOA value 
curve. 

Figure 4: Evolution of a SOA network

 GRAPHICS BY BRIAN TEIFER

Figure 5: N Dedicated SOA connections
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     The value of the SOA network increases 
exponentially over time while its costs 
remain linear and predictable. Upfront 
costs will likely be higher for SOA than P2P 
producing temporary deficits at the project 
level, but they pave the way for dispropor-
tionately high returns at the enterprise level. 
Once the breakeven (intersecting) point is 
reached, SOA delivers runaway value with-
out negatively impacting its cost structure.

The Bottom Line
 Agility is the Holy Grail anxiously sought 
by today’s IT organizations, and the quest 
begins at a fork in the road. One stretch cuts 
through familiar P2P territory and is easily 
navigable by intuition; the other winds through the mysterious, 
uncharted regions of SOA. Many companies have been enchanted 
by the folklore about the SOA route but have ultimately turned away 
from it (or strayed from it) out of fear and uncertainty, choosing to 
travel the well-beaten path of P2P instead. They have chosen poorly.
 The journey to agility comes at a price and IT must be ready to 
endure both the short-term and long-term financial burdens of 
its trek. Point-to-point architecture carries seductively low up-
front costs, resulting in little impact at the project level. The abil-
ity to create integrated solutions with no impact on prevailing 
business practices makes P2P the instinctive favorite. However, 
microeconomic stability can quickly fester into macroeconomic 
chaos. As more and more one-off solutions are piled atop one 
another, IT maintenance costs swell exponentially and connec-
tion sprawl strangles the infrastructure. This often results in the 
full dedication of IT resources toward simply “keeping the lights 

on,” leaving little left over to support new 
strategic business initiatives. Companies 
that adopt the P2P approach must be pre-
pared to experience increasingly negative 
returns on their IT investments. 
     SOA presents exactly the opposite 
model. Higher upfront expenditures are 
required to ensure loose coupling be-
tween linked components, which inflates 
project budgets. This translates into initial 
financial losses at the microeconomic 
level and often catapults projects beyond 
conventional thresholds of risk tolerance. 
However, if this aversion to early-stage risk 
can be overcome, investments in SOA at 
the microeconomic level can blossom into 

colossal benefits at the macroeconomic level. By dramatically 
reducing the number of physical connections in the infrastruc-
ture and leveraging no-cost virtual connections to achieve ev-
erything-to-everything connectivity, SOA’s return on investment 
increases exponentially as the infrastructure grows. Further-
more, since SOA keeps infrastructure costs linear and scalable, 
IT always has resources free to innovate and respond to chang-
ing business needs. SOA may be the road less traveled by, but for 
companies seeking agility it will make all the difference.   
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Figure 6: Linear SOA costs yield exponential gains
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SOA. I think that if they’re successful using the SOA platform, most 
will stay. 
 Finally, larger organizations may find that Salesforce SOA is the 
mother of all SOAs when it comes to binding enterprises together to 
form value chains, or even integrating distributed companies into 
a single collection of services using Salesforce SOA as a mechanism 
for central interoperability, as well as service and process exchange. 
Moreover, the world of mashups is exploding and this platform is 
perfect for supporting a mashup creation platform on-demand 
since it’s all out there on the Web. 
 It will be interesting to see how the larger SOA stack players 
react to this announcement. Now, SOA architects, developers, 
and process designers have a less-expensive way to build, deploy, 
orchestrate, and manage services using a holistic single source 
stack. The best-of-breed players will actually benefit from this 
technology. You still need bit players to bring it into the enterprise, 
abstracting and managing data movement, interfacing with core 
systems, and even building SOAs that interact with an on-demand 
SOA such as this. 
 If you’ve been monitoring my career, as well as my postings, 
you already know that I’m bullish on SaaS, and SOA, and I see 

the two merging as complementary concepts. Indeed, we’re now 
seeing SaaS companies move into the platform space, selling 
beyond enterprise applications into databases, application de-
velopment, integration, and even operating systems, all on-de-
mand. 
 As already said, an on-demand platform supports multi-tenancy. 
In contrast to single-tenant counterparts, multi-tenant platforms 
share a single common infrastructure and code base that is cen-
trally maintained. Individual customer deployments are unique, 
separate, and secure in this shared multi-tenant platform, and run 
a single code base that’s shared by all users and upgraded simulta-
neously. 
 So, why should you care? Well, this does change the game of both 
enterprise architecture and SOA. It doesn’t change the core con-
cepts, but the fact that, as an option, you can use the key technol-
ogy on-demand through a subscription, and so at a fraction of the 
buy-in price we’re paying now for software and hardware we host 
on our own. Again, this doesn’t change the core notion of SOA; only 
the ways to deploy it. This could make SOA much more affordable 
and easier to implement, and also let resources be shared on-de-
mand. Those are good things.    
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  With the emergence of Web 2.0 and SOA technologies, mash-

ups have gained in popularity. Web 2.0 provides a rich user 

experience, and SOA technologies facilitate the underlying flex-

ible plumbing required to make mashups happen. So you could 

say mashups are a mashup of Web 2.0 and SOA! 

If you’re reading this article, mashups have been on your mind, 
and you probably caught some of the buzz from the likes of 
Google, Yahoo, eBay, and Amazon. Mashups on the Web from 

public APIs have a cool factor, but the real value of mashups is in 
the enterprise. Enterprise mashups facilitate information at your 
fingertips in the right context. Here we’ll delve deeper into enter-
prise mashups and the factors you need to take into consideration 
for a successful mashup strategy and lifecycle. 
 With mashups in the enterprise, you combine different streams 
of information to provide actionable knowledge to the stakehold-
ers. The concept behind mashups is that the value of a mashup is 
greater than the sum of its individual parts. There are essentially 
two kinds of mashups: (a) mashups at the UI and (b) mashups at 
the business layer. Let’s observe these two types in more detail.

Mashups at the UI 
 UI mashups aggregate and overlay information at rendering. 
Web 2.0 technologies make the user experience friendly, rich, and 
lightweight. Services from Google and Yahoo fall into this category. 
For an enterprise scenario, consider the following examples:
• Example 1: Utility companies such as power, telephone, and 

cable tend to have regional outages. Let’s say there’s been an 
overnight storm and the residents in the 90210 Zip code have lost 
power. The power company has all the information related to 
managing this outage, but in various silo’d systems. The customer 
information is in SAP; field technician location information is in a 

workflow system; affected homes are registered in a trouble ticket 
system, and so on. What would be valuable to the stakeholders 
managing this outage is a mashup of information from all these 
systems. A 360-degree view of the outage as a single one-stop-
shop dashboard would make crisis management more efficient 
as all the necessary information would at the decision makers’ 
fingertips. 

• Example 2: It’ the end of the quarter and your company’s regional 
sales directors would like to create war rooms to track and man-
age all the key deals for the quarter. Today in most companies this 
is managed by fax, phone, e-mail, and a CRM system like Siebel. 
Once again, what would be very valuable and efficient is to have 
the consolidated information of deals, contacts, legal, finance, 
sales operations, all working off of the same dashboard and set of 
information instead of e-mailing each other Excel spreadsheets. 

 Today these kinds of dashboards or user- and context-centric 
functional consoles are built with hard-wired connections to 
back-end systems for pre-determined use cases. They do not lend 
the flexibility of the stitched-together on-demand capability that 
mashups offer. 
 At first glance one might say, “What’s the big deal about these 
dashboards? Companies have been doing them for decades.” 
That’s a valid argument. With each generation of new technologies, 
however, building user-centric and context-centric information is 
getting easier and cheaper. We’ve heard of composite portals. Mash-
ups still carry forward that concept except that they take the game 
to the next level. Mashups significantly lower the barrier to entry. If 
designed right, one doesn’t need to have much technical knowledge 
to assemble a mashup. That’s the Holy Grail. This means that once 
IT provides the underlying services, business users can then quickly 
assemble mashup-based applications by leveraging easy-to-use 
GUI widgets. This is the philosophy on which Yahoo Pipes is built.

Mashups at the Business Layer
 While mashups at UI are themselves valuable, mashups at the 
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business layer (MBL) can be even more powerful. The tooling for 
MBLs would be different than that for UI-based mashups. MBLs 
also would require knowing languages like XML and XQuery. These 
developers are adept at quickly stringing together an MBL based 
on existing base level services. There are already standards and 
specifications in the works (such as Service Component Architec-
ture (SCA) and Service Data Objects (SDO)) that facilitate service 
assembly. MBLs could then be leveraged at the UI or at other tiers 
in the composition chain. 
 For those who have been entrenched in the SOA world for the past 
few years, this may look like the notion of Composite Services. In a 
way, MBLs are very similar to Composite Services. The key difference 
is that Composite Services, as we know today, are more use case-
specific and have harder links to back-end systems. MBLs are virtual 
by nature and independent of the architecture of underlying base 
services. Looking at this another way MBLs would be built on top of 
Composite and base services. MBLs are logical in architecture, while 
most Composite Services are physical in architecture. Also, if tech-
nologies like virtual data services and workflow are thrown into the 
mix, MBLs can offer services that are suited for multiple contexts that 
can be quickly wired together to form a new mashup. MBLs, there-
fore, bring down the cost of integration significantly and unearth 
valuable information buried in the enterprise back-end systems.
 The concept of MBLs is not new concept – some of the forward-
looking SOA architectures have already been leveraging this type of 
approach. MBL is more of a design pattern. This article just brought 
this pattern to light.

The Network Effect
 The true power of mashups will only be realized when there is a 
strong Network Effect. According to Wikipedia, a Network Effect is 
a characteristic that causes goods or services to have a value to a 
potential customer that depends on the number of other custom-
ers who own goods or use the service. The Internet is built on this 
phenomenon. The more people contribute and leverage the Inter-
net, the more value it offers. Similarly, public transportation like 
subways play to a Network Effect as well. The more elaborate the 
network is, the more we tend to leverage its services, and the more 
value we get out of the system. 
 Similarly, as you put up more services, the power of AND kicks in, 
and the more valuable the service portfolio gets. After a certain thresh-
old of services, your mashup and service infrastructure could even be 
a differentiating factor against the competition. With its ease of use, 
business stakeholders can quickly assemble workspaces, collaborate, 
and make timely decisions. In the earlier example, just imagine the 
outage team being able to manage the process, resources, and people 
in a streamlined way due to better access to information. Information 
is power. That’s what mashups are poised to provide.

Governance for Mashups
 To realize the benefit of Network Effect for services, proper con-
trol and governance measures are essential. Without governance, 
services would be misused and the infrastructure would quickly fall 
apart. As an analogy, think about traffic rule. Roads are a powerful 
transportation mechanism. Without rules, however, roads would 
quickly become unusable. The same logic applies to services in an 
enterprise. They need to be governed and managed carefully.
 In most organizations, SOA governance (and by extension mashup 
governance) typically revolves around four main areas – security, 
performance, change control, and compliance. Governance can be 

broadly classified into two types: design-time governance and run-
time governance. Both have to address the four core areas mentioned 
above. The topic of governance in itself is a vast subject and an article 
like this can’t do it justice. But here’s a quick look at what it has to ad-
dresses – especially in the context of mashups and services.

Design-Time Governance
 Governance at this stage typically involves:
• Policy-based access control, so that unauthorized teams/indi-

viduals don’t tap into the service. 
• Defining Quality of Service (QoS) metrics such as service level 

agreements (SLA), performance guarantees, and other policies 
associated with the service.

• Mapping and managing dependencies between underlying ser-
vices.

• Compliance requirements such as HIPAA and SOX may impose 
additional policies as well. For example, there may be policies 
around the ability to change the service contract or SLAs. 

Runtime Governance
 Governance at this stage is mostly about enforcement. It typically 
involves:
• Restricting the access to a resource based on pre-defined authori-

zation rules. 
• Raising an alert (and optionally generating a report) if a given 

service violates an SLA. Some companies use automated scripts 
to execute appropriate action(s) based on the SLA violated. 

• Managing deprecations and end-of-life for services (in a trans-
parent manner to the client)

• Compliance requirements may require stringent auditing for 
non-repudiation and transaction tracking.

 An important aspect that transcends both design-time and run-
time governance is protecting the underlying services (and back-
end systems) from the extra load imposed by new mashups. This is 
where access policies to services even at design-time become very 
important. If a developer or business user creates a new mashup 
that puts strain on the back-end systems – the load requirement 
should be designed and planned for end-to-end. Many times, the 
existing services may need to be modified or extra hardware added 
to support a new load. Therefore, understanding the usage patterns 
for the functionality offered by a given mashup is important. Many 
companies, as a best practice, form a Center of Excellence (CoE) 
that monitors and manages the governance process.

Conclusion
 You’ve probably realized by now that mashups, as powerful as 
they are, require significant responsibility and discipline in an 
organization. If not, they may cause more damage than good. How-
ever, this shouldn’t deter companies from taking full advantage of 
their enormous benefits. The benefits of mashups far outweigh the 
governance overheads. There are also tools in the market that offer 
good solutions around service infrastructure and governance. So 
plan, execute, and reap the magic of mashups.   
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A well-planned Web Service interoperability environment 

begins by clearly defi ning who your Web Service consumers are 

now and in the future. There was a time not so long ago when 

you could count on a fairly homogenous consumer population. 

This was about the same time that you were happy just to be 

able to get a Web Service running in the fi rst place and fi nding 

a consumer who could actually interact with your Web Service 

was cause for celebration. Those days have changed however 

and Web Services interoperability, once a “fancy” addition to 

your SOA design, is now a key and indispensable requirement in 

most SOA scenarios. 

Today, SOA architects must contend with complex scenarios 
that assume a variety of Web Service consumers or in many 
cases are asked to create Web Services that are generic 

enough to be interoperable with just about any known consumer. 
If you’re serious about implementing SOA in your worldwide 

enterprise you’ll have to forget about the luxury of being able to 
dictate the confi guration of all of your consumers and instead build 
fully interoperable Web Services. Most robust Internet Web Service 
APIs, familiar to all of us such as Amazon.com, eBay, or Salesforce.
com, have learned this lesson already with very successful results. 
Those companies know that Web Service interoperability lies in 
the architecture approach and not in the implementation of new 
middleware.

What Makes Interoperability So Challenging?

Standards Proliferation and Complexity
 The interaction between Web Services and consumers is rooted 
on a set of standards developed by standards organization com-
mittees at OASIS, W3C, and WS-I. These standards such as XML 
Schema, SOAP, WSDL, and WS-* protocols are intended to provide 
a technology-agnostic level of abstraction over the service imple-
mentation which should theoretically guarantee interoperability. 
However, it’s not the standards themselves, but their implementa-
tion by individual Web Service technology vendors that must be in-
teroperable. In a perfect world, every vendor would implement Web 
Services standards in exactly the same way, which would guarantee 
interoperability out-of-the-box. As you must know, that’s just too 
good to be true. In the real world, every vendor implements these 
standards sometimes with just slight variations and other times en-
tirely different versions. In many other cases vendors choose which 
aspects of a standard to implement, or maybe even choose not to 
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implement a given standard at all. This proliferation and complex-
ity is most obvious when we look at the WS-* protocols.
 When this article was written, up to four different WS-Addressing 
versions were in use. Three versions of the specification are named 
by their release date: the March 2003 version, the March 2004 ver-
sion, and the August 2004 version, developed before the specification 
moved to W3C. The fourth version, 1.0, was completed in May 2006 
and developed after the specification went under the W3C umbrella. 
And if that’s not confusing enough, after moving to W3C, the speci-
fication split into multiple parts: a core specification and two other 
specifications that describe bindings for SOAP and WSDL. 
 There are also different WS-* protocols that address very similar 
scenarios such as WS-Eventing and WS-Notifications, WS-Message-
Delivery and WS-Addressing or WS-Reliability and WS-ReliableM-
essaging. Committees from OASIS and W3C are working to unify 
those overlapped protocols into a single set of standards. Vendors 
can and often implement different versions of the same WS-* 
protocol or implement one of multiple similar standards such as 
WS-ReliableMessaging instead of WS-Reliability.
 Although the combination of SOAP and WS-* protocols provide a 
solution for some of the most interesting challenges in distributed 
computing, the complexity of this approach makes it impractical 
and nearly impossible to implement in real-world interoperability 
scenarios. Just a small subset of the over 100 WS-* standards speci-
fications available today have been implemented by vendors. One 
last, but certainly not least, challenge involved in using SOAP and 
WS-* protocols is that they can also limit the service availability to 
clients such as script applications or Web browsers that don’t sup-
port that generation of SOAP messages. 

Best Practice: Use WS-I Profiles
 Some WS-* protocols have a WS-I profile available that contains 
some of the principles and a subset of features of the protocols that 
should be implemented to guarantee interoperability. Making the 
services compatible with a WS-I profile (is this one exists) is a stan-
dard and globally accepted approach to interoperability. However 
for some protocols, a WS-I profile isn’t available or doesn’t address 
the interoperability requirements. 

Best Practice: Implement Multi-Binding Services
 To support multiple versions of the same WS-* protocol it’s 
recommended to design the services with multiple bindings per 
specific versions of the protocol. This approach segments the dif-
ferent types of interactions at the binding level improving aspects 
like versioning, management, etc. The code in Listings 1 and 2 il-
lustrates a sample Microsoft Windows Communication Foundation 
(WCF) Service configured to support multiple types of interac-
tions using bindings. Specifically, this service supports secure and 
reliable interactions as well as basic SOAP interactions using two 
different bindings.

Best Practice: Exposes SOAP and REST Interfaces
 Resource State Transfer (REST) provides a simpler alternative to 
the use of SOAP and the WS-* protocols for some scenarios. The fact 
that REST is based on XML messages over HTTP makes it accessible 
to most of the client technologies on the market including brows-
ers and script languages. Some services can expose both SOAP and 
REST interfaces and offer a broader set of options to consumers. 
The example in Listing 3 illustrates that approach using Oracle Ap-
plication Server. 

Aligning Code and Contract
 When designing a service you must first consider where to start. 
Do you create your code first or your contract first? Or do you give 
them each equal importance by creating them in parallel. However, 
even if you were extremely diligent in developing perfect synergy 
between your code and your contract you would still find that the 
limitations of the basic standards themselves, such as XSD and 
WSDL, could easily do you in. For example, the XML Schema model 
presents severe limitations in terms of composability compared 
with most programming languages data structures. This is often 
reflected in non-optimal translations between XML Schema struc-
tures and programming data structures. Similarly, WSDL 1.0 and 2.0 
are both too abstract for describing services that can be interpreted 
by Web Services frameworks in a consistent way. 
 There’s a lot of debate in the Web Service community around 
whether to use a contract-first versus a code-first approach to 
develop Web Services. One of the common arguments in favor of a 
contract-first approach is that it facilitates interoperability. Whether 
that’s arguably true, the reality is that just a few mortals know WSDL 
and XSD well enough to design solid service contracts. Given the 
complexities of both standards developers often end up design-
ing non-optimal WSDLs and XSDs that are translated into poor 
service implementations. On the other hand, a code-first approach 
is more familiar to developers but can produce contracts that aren’t 
interoperable.

Best Practice Recommendation
 Some of the most successful Web Service implementations have 
been designed using a hybrid approach that combines the agility 
of a code-first approach with the flexibility of a XSD/WSDL-first 
approach. Following these technique developers can leverage their 
existing skills on a particular development platform to guarantee an 
optimal service implementation while the WSDL-XSD experts verify 
that the contract is suited to meeting the interoperability needs. 
Figure 1 illustrates this approach. 

Multi-Transport Services
 SOAP, WSDL, and the different WS-* protocols are transport-agnos-
tic specifications. Theoretically it’s possible to host the same service 
using multiple transports such as HTTP, TCP, JMS, etc. Although this 
feature is supported by some of the Web Services technology frame-
works on the market such as Windows Communication Foundation 

Figure 1: Code-first/contract-aware technique
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(WCF) or Apache Axis, only HTTP has been 
adopted widely enough to be considered for 
interoperability scenarios. Another factor to 
consider when implementing multi-trans-
port services in real-world scenarios is that 
certain transports require a specific behavior 
of the service. For instance, a Web Service 
that uses JMS as a transport probably imple-
ments one-way, long-running, and asynchro-
nous operations. That behavior is funda-
mentally different from a Web Service that 
uses HTTP as a transport on which it makes 
sense to implement atomic operations using 
different multiple exchange patterns. Host-
ing the same Web Services using JMS and 
HTTP makes little or no sense in most of the 
scenarios. 

Best Practice
 To design interoperable non-HTTP host-
ed Web Services use transport protocols that 
are vendor-agnostic such as TCP, UDP, etc. 
Similarly, use a transport protocol that cor-
responds to the expected runtime behavior 
of the service. It’s also a good practice to test 
interoperability using the components of the Web Service technol-
ogy stack that interact with the transport such as WCF transport 
channels or Apache WSIF bindings.

Versioning Strategy
 Services are subject to evolve during their lifetime. That evolu-
tion often forces changes on the consumers that break the level of 
interoperability achieved by the solution. Evolving enterprise con-
sumers and services together is not only a very expensive operation 
that requires massive levels of coordination between both sides; 
but also violates the autonomy principle of service orientation that 
says that services should be deployed and modified/maintained 
independently of each other and the systems that use them. 

Best Practice
 Define a versioning strategy that considers the interoperability 
with the existing service consumers. Keeping multiple active ver-
sions of the same services maintains a level of interoperability that’s 
not going to leverage the features of the new version. Only imple-
ment non-breakable changes at the service, data, and message 
contract level. Also consider using multiple bindings when changes 
are required at the transport or message-encoding level. 

Stateful Services
 A lot of the SOA scenarios in real-world enterprises require 
stateful services interactions. Those services can maintain the state 
between calls and are mainly used for long-running operations. 
Achieving interoperability with those services is always a challenge 
mainly because there’s no widely adopted standard for persisting 
the state of a service between calls. 

Best Practices
 When implementing stateful interoperable services; expose 
the state key using mechanisms that are available to the potential 
consumers. Typical mechanisms include SOAP headers or trans-
port-specific headers. Also, depending on the scenario, offer dif-

ferent ways for consumers to send the state 
information. 

Governance Interoperability
     SOA governance is a key component of 
a successful SOA solution. However the 
capabilities of a SOA governance framework 
are often limited to its capacity for interop-
erating with multiple services. A successful 
SOA governance solution requires interop-
erability between different SOA components 
such as policies, contracts, or versions that 
are modeled differently on different Web 
Services frameworks.

Best Practice
     A good practice for guaranteeing interop-
erability on a SOA governance solution is to 
have a global representation of the differ-
ent artifacts such as policies and contracts 
globally stored on a SOA registry or reposi-
tory. This approach facilitates sharing global 
policies, contracts, or SLAs across different 
business services. Also for some scenarios 
the global representation needs to be trans-

lated to the specific technology representation using some specific 
technology-specific adapter. 

Creating the Interoperable Web Service – Lessons from the 
Internet
 If you’ve made it this far you might be convinced that it’s impos-
sible to create interoperable Web Services. However if we look at the 
Internet we can find Web Services APIs such Amazon.com, eBay, or 
Salesforce.com processing millions of requests a day from millions 
of consumers using a heterogeneous set of technologies ranging 
from scripts languages such as Perl or PHP to more established 
enterprises development frameworks such as J2EE or .NET. How 
did they do it? The following lists some of their secrets for achieving 
interoperability across the world’s largest and most heterogeneous 
network.
• Simple services, data, and message contracts: Contracts exposed 

by successful Internet Web Services APIs are very simple and hide 
the detail of very complex implementations. This guarantees 
first-level interoperability with a variety of technologies. 

• SOAP and REST APIs: Going beyond the debate of whether to use 
SOAP or REST, the fact is that both approaches can be applied to 
some scenarios. Supporting SOAP and REST interfaces gives the 
service consumer the opportunity to select the best approach for 
a particular scenario. 

• Optional use of WS-* protocols: The implementation of most 
WS-* protocols is an almost exclusive privilege of .NET, J2EE, and 
C++. Other programming languages like Ruby or Python are just 
starting down the path of supporting basic Web Service interac-
tions. The use of WS-* protocols should be an optional capabil-
ity for consumers that can support it and never a mandatory 
requirement.

• Consumer-driven contracts (the Einstein approach): Forcing a 
single set of contracts across all consumers is not always a wise 
decision. That approach makes consumers dependent on aspects 
of the contracts they might not be using. It also ties the evolu-
tion of the consumer application to the evolution of the contract 

Achieving interoperability is a key require-
ment for service orchestration and composi-
tion. During the last few years the industry 
has produced several standards and technolo-
gies for service orchestration and composi-
tion such as Web Services Business Process 
Execution Language (WS-BPEL), Service 
Component Architecture (SCA), and the Web 
Services Choreography Description Language 
(WS-CDL). All of those standards are based on 
coordinated interactions between different 
Web Services endpoints. However, Business 
Processes and Composite Services are only as 
good as their capacity for interacting with 
different services developed on different 
technologies. Implementing interoperable 
services guarantees that those services can 
be used as part of orchestrations, choreogra-
phies, or composite services to address more 
complex scenarios. 

Aligning the Path for Service 
Orchestration & Composition

INTEROPERABILITY
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INTEROPERABILITY

itself. Having a more consumer-oriented contract approach on 
which consumers interact with contracts that contain the specific 
elements that are relevant to their scenario facilitates aspects 
like versioning, policy control, etc. We often call this the Einstein 
approach to service orientation in which every consumer has its 
own view of the universe instead of a Newton approach in which 
all the consumers share a single view. 

• Versioning Strategy: Internet Web Services APIs are subject to 
evolving given the dynamic nature of the Internet. Keeping mul-
tiple versions of the Web Services doesn’t force clients to migrate 
to a new version that doesn’t bring any value to them. 

Conclusion
 This article has explored some of the key challenges in achieving 
Web Services interoperability in real-world SOA deployments. It de-
tailed best practices and techniques architects can apply to enhance 

the interoperability of an SOA solution. The complexity of SOA stan-
dards is by far the key factor that affects the interoperability of Web 
Services. Overcoming that complexity is an exercise that involves 
best practices throughout the entire solution lifecycle. Designing in-
teroperable services facilitates their use in other SOA solutions such 
as service orchestration, composition, or governance.   
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Listing 1 
WCF service implementation
[ServiceContract()]
public interface IMyService
{
    [OperationContract]
    int MathOp(int param1, int param2);
}

public class MyService : IMyService
{
    public int MathOp(int param1, int param2)
    {
        return param1*param2;
    }    
}

 
Listing 2 
Multiple endpoint-binding configurations
<configuration>
  <system.serviceModel>
    <services>

      <service name=”MyService” behaviorConfiguration=”returnFaults”>

        <endpoint address=”/MyServiceEndpoint1” contract=”IMyService” 
binding=”wsHttpBinding” bindingConfiguration=”SecureReliableBinding”/>

   <endpoint address=”/MyServiceEndpoint2” contract=”IMyService” 
binding=”basicHttpBinding” bindingConfiguration=”BasicBinding”/>  

    </service>
    </services>

   <bindings>
    <wsHttpBinding>
     <binding name=”SecureReliableBinding”>
      <reliableSession enabled=”true” />
      <security mode=”Message” />
     </binding>
    </wsHttpBinding>

    <basicHttpBinding>
     <binding name=”BasicBinding”>
      <security mode=”None” />

     </binding>
    </basicHttpBinding>
   </bindings>  
   
    <behaviors>
      <serviceBehaviors>
        <behavior name=”returnFaults” >
   <serviceMetadata httpGetEnabled=”true” />
          <serviceDebug includeExceptionDetailInFaults=”true” />
        </behavior>
      </serviceBehaviors>
    </behaviors>
  </system.serviceModel>

  <system.Web>
    <compilation debug=”true”/>
  </system.Web>
</configuration>

 
Listing 3 
Configuration for supporting both REST and SOAP messaging
public class MyService
{
public int MathOp(int param1, int param2)
    {
      return param1*param2;
    }
}

Oracle Web Service implementation 

<oracle-Webservices xmlns:xsi=”http://www.w3.org/2001/XMLSchema-in-
stance” xsi:noNamespaceSchemaLocation=”http://xmlns.oracle.com/ora-
cleas/schema/oracle-Webservices-10_0.xsd”>
    <Webservice-description name=”MyWebService1”>
        <port-component name=”MyWebService1SoapHttpPort”>
            <rest-support>true</rest-support>
            <operations>
                <operation name=”MathOp” input=”{http://interopsample/
types/}MathOpElement”/>
            </operations>
        </port-component>
    </Webservice-description>
</oracle-Webservices>
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In this article I’ll cover how a model-driven design and devel-

opment process can pave the way to a Service Oriented Archi-

tecture that will in turn produce accurate applications that meet 

business needs and increase development team productivity.

SOA is hot topic in our industry right now. One of the im-
portant aspects of SOA is that it’s a business approach and 
methodology as much as it’s a technological approach and 

methodology for developing distributed computing systems. 
 SOA is a software architecture for building applications that 
implement business processes or services by using a set of loosely 
coupled components orchestrated to deliver a well-defi ned pack-
age. With SOA, existing software assets already in use are packaged 
in such a way that they’re self-contained, loosely coupled, and can 
be called and executed by other new applications as a service. Any 
new computing modules would be created as services the fi rst time 
around, and so would enter into the services library to be used over 
and over again. Well, to call a service, we have to know how to call 
it, where to call it, and what to expect back as a response; that is, a 
service must have a callable interface that’s well defi ned, well pub-
lished, and well secured. In short, not only should a service be good 
quality code, it must be well understood and well documented.

How Many of You Have Done This or Seen It Happen 
in Your Organization?
 A business analyst sketches out a system feature-by-feature, 
either on paper or using a fl owcharting tool and hands it over to a 
team for development.
 When the system comes back from development for testing, the 
analyst returns to his sketch and system tests the functionality of 
each feature, one feature at a time.
 Whenever a feature doesn’t perform as the analyst thinks he 

defi ned it, he makes a note that goes back to the developers, who 
make changes to the code, and the whole thing starts again...all 
manual, all by hand. And remember the testing team isn’t always 
made up of analysts who wrote the “sketch”...it’s a perfect world 
assumption that the analyst and some business users are testers 
along with the testing professionals. How many understandings 
of the “system” are in that group and how many “notes” go back to 
development teams? How Neanderthal!
 We are no longer Neanderthals. We now have modeling tools. 
We now have iterative and prototyping development processes. 
Programming language technology has advanced such that all of 
our well-meaning attempts at good modular programming over the 
years can be expanded into bigger modules with more of a business 
meaning. We recognize the need to communicate and collaborate. 
It’s taken us 40 years...but we’re getting there. The idea of architec-
ture implies a thoughtful plan using a standard set of guidelines 
and rules to construct a blueprint. A good software architecture 
will have the blueprints for how data is stored, how users interact, 
how blocks of functionality (services) are linked together to form 
programs, how programs communicate, the capacity needed of the 
hardware, and so forth. 
 The idea behind SOA is that these blocks of functionality (ser-
vices) are available to be used by many programs, and that, over 
time, when you have more and more services those programs can 
be compiled and put together more quickly. And since the services 
are already defi ned, their design can be reused too. Also, if a service 
implements a specifi c business function or rule, it’s simpler, more 
cost-effective, and less time-consuming just to change the related 
service code rather than search through all the independent pro-
grams for code that may have implemented that business rule and 
then change all the programs using it like we used to. 
 Of course, you still have to test it, but the actual design and devel-
opment time to implement a change from the business is much less 
of an impact when you have models to work from, impact analysis 
reports to guide you, and independent services to change. 

Everything 
    Should Start 
          with a Model
Model-Driven SOA

MODEL

WRITTEN BY IAN THAIN
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 A set of loosely coupled components does the same work that 
used to be done inside tightly structured programs. But now the 
components can be combined and recombined in many ways. This 
makes the overall infrastructure more fl exible and agile. This way 
SOA can make it easier and faster to build and deploy IT systems 
that directly service the goals of a business and we can prove it be-
cause we have our models of the SOA architectures linked directly 
back to the model of our business goals, business requirements, 
and business processes. Not only do we reuse the code, we reuse 
the models.

Model-Driven SOA
 The whole point of SOA is to make business applications more 
manageable, more fl exible, and more responsive to change. Busi-
nesses are constantly changing how they do things – not necessarily 
changing what they do. Models allow the business people to focus 
and change the business processes and workfl ows without hav-
ing to focus on the technological plumbing. The IT folks can focus 
on designing, changing, and improving those business processes 
by codifying the business services. The models are their common 
point of communications and it documents the agreements of what 
needs to be done. Models can automate and drive impact analysis 
for better communication between IT and business and, when 
enough textual information has been captured, most modeling 
tools can generate quality code that provides a good start toward 
overall development.
 Sybase’s view of modeling (Figure 1) is that in an enterprise world 
your modeling environment has to be able to address the broader 
range of application classes and has to integrate them. You do not 
want a silo’d environment; a SOA environment is all about sharing 
and reuse. Your models have to be able to import, export, capture, 
forward generate, reverse engineer, and report between the com-
mon implementation techniques of service-driven, composite, 
event-driven, mobile, and federated systems using today’s integra-
tion protocols. 

To Tie It All Together
 Business Process Modeling, Data Modeling (with conceptual and 
physical data models, data warehouse models, and data movement 
through the information liquidity model), Application Modeling 
with UML (all diagrams for UML 2.0), XML modeling and Free 
Models (a semantic-free diagramming and drawing facility that can 
be adapted to document ANY notation desired) are all used to built 
applications today.
 Requirements should be attached or linked to any elements of 
any models, with multiple requirements documents tied to mul-
tiple models simultaneously for complete requirements traceability 
and visible as a document or a matrix. Models should be used to 
round-trip engineer to process engines (BPEL engines), data-
bases, application servers as well as object-oriented development 
languages including VB, .NET, C#, and Java. By using patterns and 
templates, you can take a model-driven approach to development 
on J2EE, .NET and Web Services. By using techniques like object/
relational mapping and data source mapping as well as integrated 
metadata management, you can link and synchronize all the mod-
els together. Changes that occur in one model can be communicat-
ed effectively and easily as change requests to any other model type 
to ensure a complete, cohesive, and consistent response to change 
throughout the project team, and throughout the enterprise. With 
your common metadata repository, you have a secure environment 

to manage, share, and collaborate on modeling projects.
SDLC
 Modern software development systems are usually developed 
using model-driven methodologies and processes. The nice thing 
about comprehensive modeling tools is that all the stakeholders 
throughout the SDLC (Software Development Lifecycle) have their 
own view into the metadata or information about the system to 
be developed. This common detailed defi nition of what must be 
built to meet the customer’s needs is how development teams can 
be productive and not waste time because of misunderstandings 
or because one expert didn’t pass some information on to another 
(Figure 2).
• End users and business analysts have a business-centric view 

into the system that captures information about requirements, 
goal, ands conceptual business processes.

• IT management and enterprise architects have detailed func-
tional models, more technical but not a code-level view of system 
components, hardware, and software deployment details, and 
shared application components.

• Data architects and DBAs have conceptual data models, physical 
data models, and the DBMS-specifi c artifacts necessary to imple-
ment the data structure and the services necessary to support the 
processes being automated or implemented.

• Application/system architects and application developers have 
their view into the use cases, sequences of events, and objects 
that have to be implemented to develop the application code and 
the services necessary to codify the detailed business process. 

Figure 2: Players in SDLC modeling

Figure 1: Sybase’s view of modeling
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 Where the real challenge comes in is 
when there’s change: change in require-
ments, change in business model, change 
in technological capabilities (new hard-
ware or software standards) – or change in 
understanding the existing requirements. 
If we can become more effective and more 
efficient in coordinating the communica-
tion of that change between business and 
IT professionals, we can increase the agil-
ity of our IT development efforts, and so 
increase the agility of our business. As the 
team moves through the software develop-
ment lifecycle, the business system model 
becomes more and more detailed as each 
phase of design adds more to the informa-
tion about what’s to be built through adding 
more diagrams and more descriptive text to 
the “model”...and in some cases, the code to 
be generated.
 There are many different applications 
and application components to be built 
and implemented these days. It may mean 
creating a new Web application or new 
client/server application, improving an 
existing application to fit changing business 
requirements, modifying an existing ap-
plication, or creating new application com-
ponents to support a SOA. Despite the kind 
of application or computing infrastructure, 
there are some common tools and method-
ologies that can be used in its design and 
development.
 Figure 3 shows typical development 
phases mapped to model deliverables, i.e., 
the type of model you might expect to result 
from the discussions held by designers, 
architects, and business experts in those 
phases. The process starts with the team 
defining and capturing the high-level busi-
ness requirements and goals and using a 
high-level business process model to refine 
the functionality to be implemented by the 
system. 
 The information gets further refined 
into models that describe the functionality 
(in UML notation) and the data (database 
schemas). At design, the interface where the 
application objects call the data tables is 
often done using object/relational mapping 
that defines what objects are dependent on 
what data entities/tables and then the code 
is created or generated out of those more 
detailed specification models.
 Not all applications will need all these 
methodology steps, perhaps some ap-
plications may not need UML sequence 
diagrams to be created, and perhaps not all 
programmers need all the automated tools. 
The experience of the design and develop-

ment team will dictate which development 
process and what toolset is most appro-
priate for the problem at hand. Typically 
each project or effort defines the specific 
engineering process the design and devel-
opment teams will use.
 Figure 4 shows the models that could be 
best utilized in developing services
 A requirements model is best at defining 
user goals, organizational requirements, 
and software requirements.
 Use a high-level business process model 
to define business requirements and link 
the individual processes and resources back 
to the requirements. Business process mod-
eling tools often have simulation capabili-
ties so you can see the impact of automat-
ing or speeding up a specific process or use 
case. 
 Use UML models such as use cases, 
object definitions, class diagrams, sequence 
diagrams, and state charts to analyze and 
design the application.
 Define data movement, data sharing, or 
data synchronization needs.
Generate your relational data model for the 
database from a conceptual data model or 
generate non-relational stores and related 
access methods as XML schemas from UML 
object or class models.
 Use a physical data model to design and 
optimize the database characteristics for 
the specific RDBMS you’re implementing.
 Depending upon your protocol or SOAP, 
define your communication schemas in 
XML or WSDLs and discover external UDDI 
registries.
 Develop components and services for 
processing logic in business process man-
agement engines or application servers 
using a specific Integrated Development 
Environment (IDE).
 Develop a user interface using a related 
IDE from model-generated stubs.
 So by now we should all understand why 
modeling is important. 

Now For Some Specifics
 Let’s start with a definition: A process is a 
group of activities, which when performed 
together, add value for a stakeholder and all 
inputs and outcomes are defined. When we 
put the word business in front of process we 
get: A business process, which is a group of 
activities that when performed together add 
value for a stakeholder and the all inputs 
and outcomes defined constitute the busi-
ness. 
 From a SOA perspective, a business pro-
cess includes people, business services, and Figure 4: Service-oriented development best 

              practices

Figure 3: Typical application development phases
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some sort of process management that manages the flow of work 
activities. A business process model (BPM) is a model that provides 
a description of the people and business logic and rules of a busi-
ness process from a functional point of view. 
 A model is both the diagram and the descriptive text that il-
lustrates and describes all the information and actions of a process 
from beginning to end 
 Business process analysts and architects generally use a business 
process model as an information gathering tool, a simulation tool, 
and documentation. Its purposes are two-fold:
1. Process Improvement: Effectively measure the value added by 

a company’s business processes, which helps companies remain 
competitive in the face of technological changes and increased 
competition. A BPM is the focal point around which business 
operations can be improved and working with a model increases 
understanding of a business and helps identify opportunities for 
improvement.

2. Application Development: To document and understand current 
business processes and to help focus on the business processes 
that an organization performs that add value for stakeholders. 
To benchmark existing business processes as a basis for business 
process improvement and to develop a common understanding 
among customers, developers and end users of the organization 
and its processes during systems development.

 A business process model can be key, when doing an impact 
analysis of changing a process, expanding a process, or making a 
systems change. When an analyst is creating or modifying a busi-
ness process model, regardless of whether the goal is to assist the 
business folks in investigating the potential for business improve-
ment/re-engineering or for defining the business for application 
development purposes, the methods the analyst uses to document 
the information is the same.
 They describe the workflow of a process, identify the business ac-
tors (or organization units) and resources necessary for the processes 
to happen, describe interactions and messages that are the commu-
nications between organization units, resources, and processes
 They identify what the goal or outcome of a process must be, 
document the business rules that govern the flows, and show deci-
sions to be made and the various “forks in the road” that must be 
taken based on certain conditions. And, last, but not the least in a 
SOA environment, they identify processes or resources that seem to 
occur over and over again. This is our first indication and possibility 
for a reusable service. 

BPM
 A business process model comprises a number of visual and non-
visual components. Figure 5 shows a fairly basic business process 
model with most of these components:
• Process: A manual or automated action. When a process gains 

control, it performs the action. Depending on the result of the 
action, the flow is passed to another process. A process can be 
viewed as an action to reach a goal and must have one input flow 
and one output flow at least. A process can also be atomic or 
composite.

• Start & End: Start designates the beginning of a process or com-
posite process and the end represents the termination point of a 
process. A process may have one or more end points.

• Flow: Describes the interaction between two objects. In each pro-
cess model there is a progression of processes. A flow symbol indi-

cates the next step in the sequence and a flow can apply to labor, 
materials, or resources. There will be at least one flow in and out of 
each functional process in a BPM except start and end points.

• Decisions: Decisions are used when there’s more than one 
alternate flow from a process. They must have one incoming flow 
and can have more than one outgoing flow. Each outgoing flow 
is labeled with a distinct guard condition. A guard condition is a 
condition that must be satisfied for an associated flow to execute 
an action. Across all these alternate flows, guard conditions 
should not overlap so as to avoid ambiguity but they should cover 
all possibilities.

• Synchronizations: A synchronization point is used to rejoin 
several parallel executions. Flow will not continue until all input 
flows are complete.

• Resources: A resource is similar to a data store and can be many 
things: data, document, component, and executable. Basically it’s 
a special asset the process can use.

 Business rules complement model graphics with information 
that’s not easily represented graphically. A business rule can be 
a customer requirement, an internal company guideline, or a 
government-imposed law. Business rules guide and document the 
creation of a model. For example, the business rule that accounts 
payable must reconcile an invoice with a bill of lading and original 
order before paying the invoice can help you graphically represent 
the process flow in the invoice payment process as well as assign 
responsibility to the accounts payable organization unit. 
 Some rules may specify constraints or validation rules. For 
example, a customer may not place an order for an amount greater 
than his current line of credit. A sales commission is 2% of a sales 
order. 

Figure 5: Objects in a BPM
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 Depending upon the type of business rule, they can actually be-
come codified items such as a cardinality between entities in a data 
model OR a rule or trigger in database OR a calculation in a Java 
service. 
 Most business process models can be associated with a process 
language (see Figure 6) to generate a workflow for a specific busi-
ness process and workflow (BPM) engine and most process lan-
guages will dictate the visual objects and related icons available for 
use in your model as well as the type of text that can be captured. 
The analysis process language is used mostly for business re-engi-
neering or business documentation purposes and not to forward 
generate a workflow since it contains no implementation details.
 If you’re creating a business process model to describe the col-
laboration between business partners, the ebXML language lets you 
analyze, design, and document business-to-business exchanges 
(B2B).
 If you’re designing the decomposition and choreography of tasks 
at a business level when you already know which platform you’re 
going to use to execute your processes via Web Services then you’d 
want to use the BPMN language.
 If you’re designing the process internal to an organization and 
you’re going to generate the process on a BPM engine...BPEL or, for 
Sybase customers, WorkSpace. 
 If you are designing the orchestration of Web Services without 
being linked to any specific platform but want the SOA flavor then 
use Service Oriented Architecture (SOA) language.

Benefits & Other Models
 One of the major benefits of model-driven architectures is that you 
can have cross-model references and create links between models. 
Links to a business process model establish process relationships 
across applications, business units, and functional areas. Links to a 
requirements model allows for an enterprise-wide view of how pro-
cesses implement and are derived from specific requirements. Let’s 
now look at two other models that are useful in creating links from a 
business process: the requirements model and the free model.
 The requirements model can capture the textual description and 
business rules of the business. A requirements document captures 
the needs, requirements, expectations, and necessary functionality 
for the systems development lifecycle. This leads to the ability to 
document relationships between requirements and services and 
enables a capacity to do an impact analysis all the way back (or 
forwards) to a specific requirement of changing a service (whether 
the change is to security, functionality, interface, or location).
 Being able to document requirements in a modeling environ-
ment enables:
• Links from the requirement to its point of implementation in a 

CDM, PDM, OOM, BPM, or other model type
• Bi-directional documentation of requirements and their imple-

mentation code
• Reporting a traceability matrix between the requirements and 

their implementation code
• Documenting users, security needs, and glossary terms

 A free model (see Figure 7) is a Sybase WorkSpace diagramming 
tool that has the same link and synchronizing ability as other 
models. You can use the free model to create different graphics for 
your specifications, to explain the architecture deployment of your 
system and applications, the use-case scenario of the applications, 
the flowcharts, or to define your own method.

 The mistake most development teams make is to assume that the 
systems administrators and production support folks will like their 
application design and code.
 The free model lets you include those product folks in your designs 
to get any issues addressed early. Systems administrators and infra-
structure support folks need to know how the application is going to 
be deployed so they can use this free model as the input document to 
their process of getting ready to move the application into produc-
tion, to show the deployment of these services, and to see where 
applications need to be included on the infrastructure and network.

Conclusion
 Everything should start with a model! Model-driven design can drive 
successful SOA implementations through well-documented specifica-
tions and detailed communication vehicles as well as accurate code. The 
ability to use change impact analysis through linking and synchronizing 
your models to understand the impact of services is key to a long-term, 
sustainable plan for your SOA-based computing systems.
 Many thanks to my colleague Sheila Wood of Sybase, Inc., for 
contributing to the writing of this article.   
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  Enterprises frequently have to deal with part of their in-

frastructure that doesn’t have the privilege of uninterrupted 

connectivity. Such system environments designed using Service 

Oriented Architecture (SOA) need a way to manage uncertain 

connectivity. SOA as an architectural paradigm depends on a set 

of services providing business functionality. These services may 

be distributed over different domains or geographical boundaries. 

SOA, characterized by independent and self-suffi cient services 

primarily needs to handle the issue of data inconsistency that 

may result from a disconnect in such environments.

Some SOA business applications mandate systems or devices 
be in sync with the central business database even when 
connectivity is uncertain. “Disconnected SOA” or “Occasion-

ally Connected SOA” are designed to deal with such SOA imple-
mentations so that they can work in offl ine mode and can connect 
to the central server whenever connectivity is available, i.e., they 
can work seamlessly while taking care of data discrepancies and 
inconsistencies. This kind of independent and self-suffi cient nature 
of services with business integrity requirements needs intelligence 
to realize an offl ine SOA.
 Unlike a connected architecture, an offl ine SOA (disconnected 
architecture or occasionally connected architecture) demands 
sophisticated distributed business logic wrapped over the architec-
tural components to interchange data seamlessly while maintain-
ing business data integrity. Such an architecture lets users use such 
services offl ine independent of any network latency or dependency 
or network outage thus increasing overall productivity. Enterprises 
can benefi t from the location transparency that such an architec-
ture provides. For example, the sales people can work when they 
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are in transit or at a location where there is 
no connectivity.
 Offline architectures have interesting 
implications for enterprise systems in 
creating services with non-persistent con-
nectivity. The approach discussed in this 
article for dealing with common problems 
in these kinds of architectures is based on 
distributed data objects that not only carry 
data but also piggyback the metadata and 
change history details. This helps in design-
ing distributed disconnected services and, 
in turn, helps maintain the integrity of the 
business information in an offline SOA. Invariably we’re concerned 
with offline SOA scenarios involving enterprise services with some 
kind of enterprise data access. Hence the terms of service and data 
will be used interchangeably because the primary problem we’re 
tackling in an offline SOA is that of data.
  
Scenarios for Disconnected Environments

Field Sales Force
 One scenario for a disconnected SOA is a field sales force, where 
agents go from place to place invoking enterprise back-end services 
to while collecting information and passing the information to a 
central repository. 
 A typical example is the retail business, where a sales team ap-
proaches vendors to take orders. They go to geographically distant 
places with uncertain connectivity carrying handheld devices. A 
typical salesperson, at periodic intervals, will update the central 
repository with the data in his PDA. This opearion needs to be in 
sync with data collected by other members and consistent data 
sans redundancy. 

Multi-vendor Systems
 Another scenario could be an enterprise that has multiple 
vendors who maintain independent databases, i.e., each ven-
dor maintains its own local data store. These vendors update 
the data in the enterprise’s central repository every fortnight. 
For example, consider a  drug manufacturer that takes orders 
are at the end of the day from all the sales outlets that use its 
products. 

Challenges Faced
 Now the offline (disconnected or occasionally connected) invo-
cation of enterprise services brings with it a few challenges likelost 
updates due to concurrency. In a disconnected SOA, when a client 
has read the data, closed the connection, and is working on it, 
there’s only an optimistic lock on the database feeding the service. 
This means that the client is making an assumption that the data 
won’t be changed by other clients working on the same source, as 
opposed to a locked version of events; where other clients would be 
denied access to the resource. 

Data Validations
 Having called it a disconnected environment, we also have 
to consider the gap between two sessions; one for when the 
data is being worked on by the end user and second when the 

updated data is being stored in the central 
database. Any inconsistent or insufficient 
information gathered during this period 
will be acknowledged only at the point 
of update. To elucidate, a field agent may 
collect data from all the prospective users 
in a certain format. Let’s say he sends all 
his aggregated data once a week. Any data 
validation against the database or the cen-
tral repository is known later and would 
be considered insufficient for the system 
as a whole.

Strategies/Solution Approach
 The ideal solution to these challenges would be to have a 
technique in place to push the changes automatically or semi-au-
tomatically from the server side to the client application. Cor-
respondingly it’s also necessary to have a technique at the user 
end or client end to manage the unforeseen discrepancies that 
may arise when the updates or inserts or deletes are being carried 
out at the data source or a business rule kicks in. A general flow 
or handshake between the server and client will need to take the 
following steps:
1. Data transfer from the source to end-user systems (this could 

mean the necessary data or metadata to operate in a discon-
nected environment).

2. Business data is pushed to the server end in a consistent format 
when connected to the network.

3. A process needs to be in place to update the data and remove all 
concurrency inconsistencies.

4. A process needs to be in place to deal with child record conflicts 
or any trigger-based application conflicts.

5. Business data goes back to the end user or client with minor 
updates/acknowledgement.

 While it might be difficult to articulate an all-encompassing solu-
tion to these issues, any disconnected SOA implementation must 
address the minimum pre-requisites of the architecture like main-
taining a local copy of the data and checking data integrity when 
updating the source to prevent lost updates. We’ll discuss in detail a 
couple of current technologies that will facilitate business integrity 
in disconnected services.
 Below we’ll show that ADO.NET and SDO not only help in provid-
ing a mechanism for transferring data but inherently manage the 
key issues of concurrency and version.

Figure 2: Logical architecture of ADO.NET

Figure 1: A disconnected environment
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ADO.NET
 ADO.NET is the data access component of the .NET Framework 
that helps in connecting to databases and manipulating data. The 
ADO.NET architecture has been uniquely designed to decouple 
the business logic layer from the data layer by introducing a new 
data access layer. The core component is the DataSet object: an 
in-memory cache of data representing a disconnected standalone 
entity that holds the data. Dataset combines the data tables and 
data relation object. Together they serve as a miniature discon-
nected implementation of a data source. ADO.NET objects can 
play a major role in .NET-based services in solving the concur-
rency issues across services in a SOA. Some of the features of ADO.
NET that might help in disconnected architectures are mentioned 
below.
 
Snapshots
 When the data is accessed by an application, a snapshot of the 
database is stored. The data is then retrieved and stored in the 
dataset. When the application connects to the database to update 
the data a snapshot of the database is taken again and compared 
to the earlier one. If both are the same, the updates are commit-
ted.

Time Stamping 
 This is similar to snapshot isolation but here we compare time-
stamps instead of snapshots. When the application connects to the 
database, it makes note of the timestamp. The database maintains 
a record of when different applications/services had access to, 
retrieved, or updated the data. Before updating the records in the 
database, the last timestamp on the data and the timestamp  on the 
service are compared. If they’re the same, the database is updated 
successfully.

Metadata and Data Integrity
 The dataset contains rows, columns, and Constraints and Rela-
tions (DataRelation)  that combine to form the objects of the data-
set. DataRelation allows the service to retrieve the metadata with 
the data. When changes are made to the data in the dataset, the 
constraints and relationships are maintained and the data isn’t flat-
tened. When the database is updated, the metadata gets updated 
too maintaining data integrity.

ADO.NET and XML
 ADO.NET leverages XML to transfer datasets over the wire. 
The advantage to transmitting datasets as XML is that any end-

point that is XML-aware can receive and process the dataset, a 
big advantage in a SOA world. It means that the receiving end-
point doesn’t necessarily have to be an ADO.NET component. 
These days most databases have XML-in and XML-out capa-
bilities that lets ADO.NET to talk to them. Another advantage 
of XML is that it’s not proprietary like the binary protocols for 
data interchange.

Service Data Objects (SDO)
 The concept of service data objects (SDO), a recent standard 
offered by a few SOA vendors, facilitates the abstraction of ac-
cessing data and its manipulation in an SOA world. While ADO.
NET as discussed above is meant specifically for databases as 
data sources, SDO isn’t restricted to any particular data source 
type. SDO is essentially a disconnected architecture in that 
clients aren’t connected to the data source as they perform ma-
nipulations. SDOs are already used as a standard for transmit-
ting data in some of the specifications used to realize a SOA-like 
Service Component Architecture (SCA). They don’t repeatedly 
hit the data sources every time the data is changed. Instead they 
maintain a Data Graph that holds the data in the form of a graph 
of interrelated Data Objects. To help represent the data in the 
form of a graph the SDOs are given the ability to make references 
to or contain other data objects as their attributes. SDOs have 
a facility called Change Summary to maintain a record of the 
changes that were made and so the original state of the data is 
preserved. 

Figure 3: Graphical representation of SDO
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Change Summary
 The provision of a change summary in the SDO lets the client re-
cord the changes that were made to the data and retain the original 
face of the data (as it was, when it was read) and to restore a graph 
of the data objects to the state they were in when logging began. 
 Logging is a feature that can be disabled and the change sum-
mary no longer recorded. The change summary indicates the exact 
changes so, to reduce the amount of data being sent back and forth, 
only the change summary is sent.
 This feature can help avoid the lost updates. Just before writ-
ing the data back to the database, the change summary, with its 
initial data state store, can be used to check to see if the data in the 
database has been changed while the client was disconnected. If 
the data hasn’t changed the data in the database can be updated 
without any lost updates.

Metadata
 SDO implementations enable services to exchange metadata on 
the source and enforce a certain level of integrity . SDO also main-
tains relational integrity through the validations and the rules cap-
tured in the metadata. The metadata can be captured from the XML 
Schema or the relational database or any structured representation. 
So if employees and departments are related, then an employee 
referring to a particular department must be updated when the 
department is deleted otherwise any action will be disallowed. 

SDO and XML
 When an SDO DataGraph is serialized, it is in XML format. When 
two services interact via SDO they communicate in XML. This 
means that any service may be sent an SDO and it should be able 
to read it and make corresponding objects out of it. This is a major 
advantage compared to normal Java or C# data, which would be 
incomprehensible to other platforms.

Object Comparison Support 
 SDO can also compare two data objects for equality. As discussed 
a disconnected architecture needs to check the new state of the 
data with the old state of the data to ensure that it hasn’t changed 
somewhere between the read and the write. This requirement 
can be addressed by the support for object comparison that SDO 
provides. SDO provides an Equality Helper Interface that can make 
shallow or deep comparisons on the data objects. Which means 
that not only can we tell if there’s a difference, but which part of the 
data changed . There is a Copy Helper Interface that creates shallow 
or deep copies of the data objects that can save data states at differ-
ent stages in the change. This is valuable since the change summary 
can only provide the first and last states of the data.

Limitations and Disadvantages
 SDO and ADO.NET can be significant in addressing the data con-
cerns of an offline SOA. However, a few disadvantages and limita-
tions should be underscored.

Bulky Format
 The data payloads in SDO and ADO.NET are bulkier than normal 
data since their format is XML. They also carry more information 
than just the data. In SDO this is in XML. Such bulky formats can 
affect network bandwidth and hence SOA performance.

 Security
 In an offline SOA, distributed data objects have to be trans-
ferred over the wire. So the security of data is a concern. SDO and 
ADO.NET have no inherent features for securing the data over a 
network.

Conclusion
 While most of the challenges faced in an offline SOA can be 
handled only at the application architecture level, SDOs and ADO.
NET provide basic features for handling some data concerns. SDOs 
are already being used as a standard for transmitting data to realize 
a SOA-like Service Component Architecture (SCA). Features like 
change summary, timestamp, and metadata can be key facilitators 
in addressing data concerns in a disconnected/occasionally con-
nected SOA.   
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Enterprises today face increasing IT complexity and cost due to 

the natural evolution of the application infrastructure. Business is 

demanding more fl exible and sophisticated solutions for discrete 

business functions that can adapt with evolving market demands 

and business processes. The need for integration infrastructure has 

resulted in a legacy of patchwork enterprise application integra-

tion (EAI) approaches that have hardwired enterprises for particu-

lar business functions and increased IT complexity. However, there 

is promise that this detrimental trend will reverse through the 

adoption of Service Oriented Architectures. 

T he Service Oriented Architecture (SOA) community pro-
motes agility, interoperability, asset reuse and re-factor-
ing and greater information insight. But why are some 

organizations claiming huge successes and demonstrable ROI 
while others cite failed SOA projects and question the value 
of the technology itself? SOA has been around long enough 
now that we know success is not a question of whether SOA is 
adopted, but rather, how it is adopted. Adoption approaches 

vary and will determine the resulting value of SOA to the 
enterprise. 
 SOA can provide real dollar savings and increased business 
opportunity or unplanned (ad hoc) adoption can result into more 
complexity, increased cost to maintain the levels of SLA, and re-
duced transparency across applications.
 This article discusses the reality of why SOA is already upon us 
regardless of desire, need, or plan. The value that SOA can yield 
depends on the maturity of adoption from multiple perspectives: 
the level of maturity across people, processes, and technology 
dimensions is directly related to the realized benefi ts. SOA maturity, 
however, cannot be achieved accidentally. 
 Three typical adoption models are observed in the industry to-
day: ad hoc, organic, and strategic. For those enterprises interested 
in the high value of SOA, this article shows how the ad hoc model 
cannot be successful. To achieve high value, recommendations are 
made on how to establish a SOA program through either organic or 
strategic adoption models.

Business Challenges
 SOA is a business-driven technology paradigm that paints a 
broad brush across several business drivers (see Table 1). SOA is 
a set of principles, best practices, standards, and tools that fi nally 
provide realization of the business mantra – “do more with less 
– better, faster, cheaper.” The competitive and shifting marketplace 
is putting heavy demands on technology. SOA is evolving out of 
need, not desire. It is evolving out of the need, not the desire, to ad-
dress drivers such as those listed in Table 1.

SOA Adoption
   Models

Ad hoc versus 
program-based

ADOPTION
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Lower cost to create new product offering and solutions

Improve flexibility of applications to quickly adapt to changing market demands

Improve time-to-market to gain a “first to market” competitive advantage

Improve operational efficiency – more automation – more process support

Greater business insight – the ability to track business and IT measures

Align business and IT – satisfy stakeholders

Improve the quality of information and services

Get better return on existing IT assets

Table 1: Example Business Drivers for SOA

 Typical IT departments struggle to address these business drivers 
with traditional technology approaches. Table 2 lists some common 
IT barriers that we have encountered in our client engagements. 
Without an appropriate level of intervention, it will continue to 
compound and become exponentially worse over time. This will 
further isolate business and its IT counterpart.

Inconsistent standards and architecture increases maintenance and develop-
ment costs.

Redundant data across the enterprise causing multiple inconsistent views of 
information and costly maintenance for structural changes.

Redundant business logic resulting from little functional reuse results in redun-
dant and costly work efforts for addressing business needs.

Low level of functionality reuse resulting in proliferation of redundant code.

Hard-coded business rules throughout diverse code bases. 

Point-to-point nature of integrations limits scalability and tightly couples ap-
plications resulting in an inflexible “hardwired” solution.

“Workflow” logic untraceable and spread across many disconnected code mod-
ules resulting in costly change.

Latency introduced throughout processing causes data mismatch and untimely 
delivery of information. Complexity is further increased due to reconciliation 
requirements increasing the cost of maintenance and development and reduc-
ing the flexibility of the solution.

Table 2: Typical IT Barriers to Business

 SOA will form the underpinnings of the next generation of archi-
tectures that will address business drivers and remove many of the 
IT barriers through reusable, distributed, loosely coupled services 
that are accessed through stable, well-defined interfaces. The char-
acteristics of SOA are:
• Information is made available through independent and atomic 

components called services 

• Service reuse and consumption is facilitated through a registry 
where services are described through standard message formats 
and protocols

• Self-describing messages travel from component to component 
independent of platform 

• Systems and components are loosely coupled — they don’t know 
much about each other, thus provide an opportunity for inter-
changeability

• Services and composite applications use standard mechanisms 
for communication wherever possible 

• Business applications own as few resources as possible, leverag-
ing shared assets such as schemas, common components, and 
service libraries fostering common understanding at an enter-
prise level

 SOA is not a single technology stack or a magic bullet. It can be 
implemented in many ways (e.g., EAI, ESB, Web Application Server, 
etc.).
 While many businesses are struggling with the question of 
whether or not to adopt SOA, the reality is that adoption is inevi-
table and probably already happening. SOA has been endorsed by 
every major software vendor. The once-proprietary black boxes of 
domain-specific applications are being exposed through open and 
standard interfaces/services. Middleware vendors, once selling 
EAI products or application containers, are now marketing SOA 
platforms or service containers. Even the major database vendors 
are facilitating service-based data access. Natural upgrade paths of 
existing IT infrastructure and systems will introduce new service-
oriented technologies into the enterprise. While the openness of 
SOA is a generally positive architecture trait, introduction and 
integration without proper coordination will yield negative effects.

SOA Adoption Models
 We have encountered various approaches that enterprises are 
taking for migrating to and adopting SOA for their enterprises. We list 
the following models in this article that we have come across consis-
tently: ad hoc and program-based (organic and strategic) models. 

The Ad Hoc SOA Adoption Model
 Ad hoc SOA adoption is the project-level adoption of service-ori-
ented technologies on a specific need or tactical basis. There is no 
central coordination or plan. The results of this adoption model are: 
• Each project or initiative benefits the technical advantages of new 

services at an individual level.
• The technologies are applied inconsistently, which allows for 

proliferation of bad SOA practices, such as the development of 
non-standard Web Services, hidden pockets of cost in one-off 
maintenance, low-level of service reuse, increase in point-to-
point Web Services connectivity, etc

• Enterprise reuse can’t be achieved and can therefore yield redun-
dant development efforts.

• Increased IT complexity, resulting in reduced agility for respond-
ing to business demands

• Potentially resulting in worse condition than the previous status quo.

 It’s clear that businesses need to invest in a strategy for SOA 
adoption that will address business drivers, improve existing IT 
challenges, and avoid the negative impact of unplanned ad hoc 
SOA adoption. Depending on the organization’s goals and level of 
investment, SOA adoption can be planned in accordance with an 
overall program.
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The Program-based SOA Adoption Model
 Program-based SOA adoption allows SOA evolution to be con-
trolled according to an overarching enterprise strategy and goals. 
This model provides a holistic view and addresses the enterprise 
from organizational, process, and technology dimensions over time. 
A planned and directed SOA adoption strategy eliminates the risk 
of propagating SOA bad practices that will worsen the IT situation. 
Some key characteristics of a program-based approach are:
• Creates processes and guidelines that support desirable, consis-

tent, predictable, and measurable outcomes for SOA adoption.
• Provides active service portfolio management, including ongoing 

SOA opportunity identifi cation.
• Promotes SOA best practices and enhances one’s ability to adopt 

new technology paradigm consistently across the enterprise as 
well as increase SOA ROI

• Provides an opportunity for changes to the organization and pro-
cesses as learning can be applied to further strengthen the SOA 
ROI.

 We’ll consider two program-based SOA adoption models: organic 
and strategic. Both provide planned and controlled adoption behav-
iors. The difference in these models is how they are initiated and the 
pace of adoption.

The Program-based Organic SOA Adoption Model
 Organic SOA adoption model requires low investment. It allows:
• Quick understanding and alignment of key business drivers with 

SOA objectives
• Execution of a prioritized project using SOA principles
• Development of core (base line) processes
• Building foundation technologies that can be used for successive 

SOA projects. 

 In an organic adoption model of SOA, one builds a business case 
from the fi ndings of the initial project. Base line standards, best 
practices, processes, and organization structure are created and 
then evolved. 
 The initial project rarely provides a positive ROI due to the cost 
associated with additional planning and the SOA infrastructure 
build-out. However, the organic model shows that incremental 
benefi ts will be achieved through SOA on successive projects. SOA 
does not require a full enterprise implementation to begin to realize 
value. Investments in the infrastructure can be aligned on a project 
basis to reduce risk. The value can be realized earlier without a com-
prehensive SOA strategy.
 Figure 1 shows the typical progression of the organic SOA adop-
tion model. The initial project is chosen opportunistically from 
existing planned projects according to agreed upon criteria. The 
project is executed with the original scope in mind and a specifi c 
business problem is solved. SOA artifacts and processes used on the 
project are then harvested. Incremental SOA costs are absorbed by 
the initial project and are recouped by the business in subsequent 
SOA projects.

The Program-based Strategic SOA Adoption Model
 As an alternative to the organic approach, the strategic SOA adop-
tion model is characterized by an initial strategy project to build 
an enterprise business case for SOA, defi ne a future state, and plan 
a roadmap for implementation. The future state incorporates not 
only the technology transformation required to move towards SOA, 
but also the organizational and process changes as well.

Table 3: At a Glance: Program-based SOA Adoption Models

Strategic Model Organic Model

First-Year 
Activities

• Defi ne SOA strategy
• Justify the approach 

through a business case
• Model a comprehensive 

future state 
   > People
   > Process
   > Technology
• Plan SOA roadmap
• Develop enterprise SOA 

roadmap 
• Vendor selection/install 

for SOA core components 
based on enterprise needs

• Create governance 
structures

• Build out the core archi-
tecture

• Implement new organi-
zational structures and 
associated processes

• Develop fi rst-use ap-
plications to validate the 
technology and the ROI

• Extend based on the 
roadmap

• Defi ne SOA objectives
• Envision a high-level future-
state architecture

• Select initial SOA project
• Build core architecture com-
ponents based on application 
requirements, leverage exist-
ing IT investments

• Defi ne and implement pat-
terns for reuse for the next 
application

• Measure benefi ts and justify 
the approach through a busi-
ness case

• Implement the next wave of 
the architecture components 
to extend to the enterprise

Strengths • Strong business & IT 
alignment 

• Enterprise-class architec-
ture defi ned and built out

• First adopters validate the 
enterprise approach

• Speed to market
• Minimize the upfront invest-
ment and risk

• Experience with tools helps 
design the enterprise archi-
tecture

• Absorb the strategic cost 
within the project budget

Weaknesses • Higher front-loaded cost, 
but usually a stronger ROI

• Deferred use of SOA on 
projects – opportunity for 
continued proliferation of 
problematic architecture 
practices.

• Risk of silo’d and redundant 
architectures that don’t 
integrate well

• Diffi cult to extend to the 
enterprise 

• Governance model not 
defi ned or built

Figure 2: The strategic SOA adoption model

Figure 1: The organic SOA adoption model
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Figure 3: Strategic SOA defines a model for people process and technologies before projects leverage SOA

At a Glance: Program based SOA Adoption Models

Strategic Model Organic Model

First Year Activities Define SOA Strategy
Justify approach through business case
Model comprehensive future state

People
Process
Technology

Plan SOA Roadmap
Develop Enterprise SOA Roadmap
Vendor Selection/Install for SOA Core Com-
ponents based on Enterprise needs
Create Governance Structures
Build–out core architecture
Implement new organization structures and 
associated processes
Develop first–use applications to validate 
technology and ROI
Extend based on Roadmap

•
•
•

•
•
•

•
•
•

•
•
•

•

•

Define SOA Objectives
Envision high–level future state architecture
Select Initial SOA Project
Build core architecture components based 
on application requirements, leverage exist-
ing IT investments
Define and implement patterns for reuse for 
next application
Measure benefits and justify approach 
through business case
Implement next wave of architecture com-
ponents to extend to enterprise

•
•
•
•

•

•

•

Strengths Strong Business & IT Alignment
Enterprise–class architecture defined and 
built–out
First adopters validate enterprise approach

•
•

•

Speed to Market
Minimize up–front investment and risk
Experience with tools helps design enter-
prise architecture
Absorb strategic cost within project budget

•
•
•

•

Weaknesses More front-loaded cost, but usually stronger 
ROI
Deferred use of SOA on projects—opportu-
nity for continued proliferation of problem-
atic architecture practices.

•

•

Risk of siloed and redundant architectures 
that do not integrate well
Difficult to extend to enterprise
Governance model not defined or built

•

•
•

 Organizations adopting SOA through a strategic model build 
out a supporting infrastructure for enterprise SOA with a reference 
implementation that demonstrates the recommended use of stan-
dards and best practices.
 The roadmap of strategic SOA is based on a comprehensive as-
sessment of the enterprise and defines SOA projects over a three- to 
five-year timeframe. It takes into account all the dimensions of an 
enterprise: people, processes, and technology (see Figure 3). NOTE: 
We need to redraw this visual differently. It was done for PMUSA 
with ToPCoder).

SOA Adoption Recommendations
 While there are clear tradeoffs between the organic and strategic 
SOA adoption models, there are four key adoption recommenda-
tions for any successful program-based SOA. They are:
• Align SOA objectives with business drivers
• Selectively determine SOA adopters
• Identify and address organizational barriers to adoption
• Define and measure success

Align SOA objectives with business drivers
 Since SOA is a set of best practices and related standards that can 
be applied uniquely on each implementation, implementation can 
produce a variety of benefits. There’s a risk of misfiring or misinter-
pretation when SOA objectives aren’t clearly aligned with business 
drivers. To be effective, SOA implementation objectives have to be 
in alignment with the enterprise imperatives for both organic and 
strategic adoption. In both organic and strategic SOA adoption, 
SOA objectives need to be documented that can:
• Support the business case for SOA
• Align the architecture with the needs of the business
• Act as a reference for developing a future-state reference architec-

ture
• Prioritize the approach for potential projects and a SOA roadmap

 SOA strategy should begin by understanding the enterprise 
imperatives – a successful business plan takes the external environ-
ment, business and IT strategy, and current and planned projects 
into account. SOA objectives are best identified collaboratively in 
a workshop environment with key SOA stakeholders from busi-

ness and IT leaders along with user communities. With enterprise 
imperatives identified, SOA objectives can be well articulated and 
prioritized across functional units of the value chain.
 Earlier we showed you typical business drivers for SOA (Table 1). 
SOA objectives for the enterprise can be an extension of these kinds 
of drivers prioritized and aligned with the enterprise imperatives. 
For example, the first business driver – lower cost of IT – simplify the 
IT infrastructure – can be the basis of a SOA objective and can be 
extended to state – lower cost of IT – simplify the IT infrastructure by 
reducing the data redundancies across customer-oriented systems. 
An SOA objective should relate to a particular business strategy, but 
not prescribe an implementation approach. 

Selectively determine SOA adopters
 A key differentiator between program-based and the ad hoc 
approaches is the methodology used to determine which projects 
should adopt SOA based on a strategy rather than leaving SOA 
adoption up to each individual project or department. With the 
organic approach, an initial project is selected opportunistically 
– after a quick survey of planned projects, a reasonable candidate 
is chosen based on subjective evaluation. In contrast to this, the 
strategic approach demands an extensive evaluation, with weighted 
criteria, and will produce a more objective evaluation scorecard 
based on agreed upon criteria. Within any organization, criteria for 
project selection will be unique to the business. Figure 4 suggests a 
two-step process for identifying and evaluating SOA opportunities. 

Address organizational barriers to adoption
 There is no generic SOA organizational structure that will meet the 
needs of every business. It’s clear, however, that traditional IT organiza-
tion structures aren’t well suited to support SOA. Whether the organi-
zational structure is functional, project-based, or matrix, traditional IT 
organizations can impose the following barriers to adoption:
• Silo alignment of applications, processes, and organizational 

structure
• Weak architectural governance
• Orientation to project goals, not long-term solutions
• No incentive for strategic investment
• Teams oriented around project lifecycles as compared to service 

lifecycles

Figure 4: Suggested identification and evaluation criteria for SOA adoptionFigure 3: Strategic SOA defines a model for people, pro-
cesses, and technologies before projects leverage SOA

 1  IDENTIFY
Determine Candidate SOA Opportunities.

Look for areas in the Business/IT overlap where:

• Business logic is repeated across multiple applications

• Opportunities exist for process automation

• Current integrations are not meeting needs due to:

   > Unacceptable business bottlenecks

   > Untimely delivery of data

   > Unreliable integrations

   > Costly integration support

• Data is inconsistent across systems

• New systems or systems are being replaced that have 

  integration requirements.

• New front end systems

• Business partners require the exchange of XML data

 2  EVALUATE
Characteristics of a good initial 

SOA project candidate:

• High service reuse potential

• Ability to streamline process flow

• Opportunity to centralize business rules

• Simplifies interoperability

• Requires architectural agility

• Benefits from business insight into information flow

• Demonstrable user interface component

• Can demonstrate business benefits

• Addresses pain points

• Right sized – manageable scope, yet meaningful value

• Adequate funding for new investment

• Motivated and inspired project sponsor
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 When evaluating a particular organization and associated pro-
cesses SOA implications should be considered broadly:
• How business problems and requirements get defined
• How solutions are envisioned
• Finally, how they are assembled, deployed, and monitored 

 SOA touches every aspect in this spectrum and will therefore 
impact the processes of PMO, enterprise architecture, SDLC, ITIL, 
and IT/architecture governance. 
 When planning new roles and responsibilities, a SOA strategy will 
involve multiple tiers of involvement including but not limited to:
• Stakeholder leadership – a senior-level management group that 

initiates and drives the SOA vision and strategy
• Strategy execution – promotes the successful adoption of SOA 

across the enterprise and helps the organization see ROI from the 
SOA strategy. At a high level, they oversee strategy, development, 
operations, and governance

• Technology – owns SOA standards and best practices and pro-
vides architecture leadership for the organization. Development 
of standards and guidelines. Responsibility for all centralized 
components of the SOA

• Governance – review boards that enforce SOA architecture gov-
ernance policies on a project-by-project basis and is integrated 
with entire SDLC.

 Whether these responsibilities are centralized or distributed 
– whether they are part of one or many organizational units 
– depends on the SOA objectives, scale of adoption, and existing 
organization model. 
 Organic SOA adoption will address organizational barriers in 
a different way than the strategic approach. The organic model 
puts heavy emphasis on technology and project-level architecture 
governance early in the adoption cycle. Strategy and overall leader-
ship will evolve with each successive project as learning is applied on 
how SOA will best benefit the organization. By contrast, the strategic 
approach involves greater effort in organizational transformation. 
Emphasis is placed first on building out the leadership and strategic 
value of the SOA organization to support the long-term plan.

Define and Measure Success
 A SOA program should be assessed and monitored through well-
defined performance measures based on internal baselines and/or in-
dustry benchmarks. The strategic component of the SOA organization 
should be tasked with selecting, monitoring, evaluating, and main-
taining performance measures and targets. Ideally, the performance 
measures are derived from SOA objectives that are measurable.
 Measures can be established across various aspects of the enterprise 
including business, financial, quality, process, timeliness, pervasiveness, 
and compliance. Table 3 lists examples of measures across these aspects.

Conclusions
 SOA provides a powerful set of technologies and approaches that 
have the potential to make IT more effective in meeting the needs 
of business. But grassroots technology-driven SOA initiatives run 
the risk of proliferating a new patchwork of EAI hardwiring that sat-
isfies only short-term project-level needs. This will complicate the 
overall IT landscape. There are benefits to SOA, such as enterprise 
reuse and business alignment, that cannot be achieved effectively 
through such an ad hoc approach.
 A number of good organic and strategic adoption models exist. 
The key to success is controlled and planned growth that includes 
involving the business. A good starting point for program-based 

adoption is to identify the SOA maturity level of the enterprise and 
then create a SOA strategy that aligns SOA technology adoption 
with business priorities.
 Getting started with a SOA program can be accomplished with 
minimal investment. A quick assessment can identify and prioritize 
SOA opportunities. This will give the business a handle on how SOA is 
currently being adopted. It will also provide an understanding of the 
degree of SOA standardization and identify new opportunities to col-
laborate across departments and projects. This will help an organiza-
tion establish general SOA goals and commit to an adoption model.
 For those organizations that have already established a compelling 
case for enterprise SOA, a more substantial investment can be made in 
developing a full SOA strategy including a complete opportunity assess-
ment and analysis, future-state architecture, and adoption roadmap. 
 Whether organic or strategic adoption is the course, an orga-
nization should be prepared for service transformation. Agility, 
interoperability, business service standardization, and reuse – some 
of the key tenets of SOA – don’t happen by accident and require an 
organization to provide the roles, responsibilities, and processes 
to drive SOA effectively. Besides organizational structure, assess 
SDLC, PMO, enterprise architecture, and governance processes to 
determine how they factor in SOA.   
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Table 3: Example performance measures for SOA

Business
• Market share
• Time-to-market
• Customer satisfaction

Financial
• ROI
• Cost savings
• Overall IT development and main-

tenance costs
• Service enhancement/change 

request costs
• Initial service development costs
• License costs
• Revenue growth
• IT budgets
• Project costs

Quality
• Availability/uptime
• Data accuracy/error rate
• Number of problem events
• Service-level measures
• Lines of code (both consumer-

side and producer-side)
• Ease of integration (consumer-

side qualitative measure)
• Quality of documentation (con-

sumer-side qualitative measure)

Process
• Process cycle time
• Process duration
• Process failures
• Number of process occurrences

Timeliness
• ESB performance
• Problem resolution time
• Recovery time
• Recommended training time
• Degree of automation/reduced 

latency
• Project performance metrics 

– e.g., on time delivery of ESB 
projects

Pervasiveness
• Number of services
• Number of trained resources
• Degree of service reuse
• Number of departments using 

central SOA hosted services.

SOA Governance
• Compliance
• Governance exceptions
• Number of escalations

ADOPTION
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