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CHAPTER TWO: Literature Review 
 This chapter will state concept of SOA first, and the switching strategy in section 
2.2. Then we present real option approach which is the capital budgeting methodology 
justifying uncertainty. Finally, section 2.4 provides the assumption of uncertainty in 
IT asset. 
 

 2.1 Service-Oriented Architecture 
Since the goal of this research is to discuss the opportunity value of switching to 

an SOA project under the uncertainty, we will review the literature about SOA in this 
section. Following will introduce the SOA concept and the ROI metrics regarding the 
benefit and investment expenditure. The network effect and risk factors will also be 
discussed. 
 

 2.1.1 Concept of Service Oriented Architecture 
The service-oriented IT is the architecture/software/hardware/methodology 

satisfying the organizational IT services demand. SOA (service-oriented architecture) 
is a classical example. According to IBM (2006), SOA is a software design approach 
which decomposes business applications into separate components called "services" – 
e.g., check credit history, or open new account – that can be used independently by 
other services on the same standard of computing platforms. When individual 
functions within applications are all available as discrete building blocks, companies 
have the ability to integrate and group them differently to create completely new 
capabilities. The concept is illustrated in Figure 2-6. Based on these flexible and agile 
capabilities, services can be reassembled to innovation services unlimitedly. 

In a traditional enterprise, IT infrastructure consists of multiple business 
applications, and each of them doesn’t use unified technology and platform. As Figure 
2-5 shows, the enterprise has four parts of independent business applications: order 
system (based on Microsoft .NET Framework), accounting information system (based 
on Oracle ERP Application), CRM (built upon J2EE framework), and agent 
management system (under Microsoft SQL Server). Assume the company transforms 
its IT architecture to SOA, each business application should be decomposed into a set 
of smaller discrete parts named “services”. For example, the order system may be 
broken down into two services: order processing service (denoted by ‘A’ in Figure 2-1) 
and billing service (denoted by ‘B’ in Figure 2-1). When the company has new 
successful and feasible innovations, they can form new capabilities through selecting 
required services and recombining them into new hybrid services for any feasible 
innovation and business requirements. Thus SOA is an IT module approach enabling 
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the flexibility and quick response to customer requests.  

 

Figure 2‐1 SOA illustration 
Source: IBM institute for Business Value  

A common analogy for SOA approach is like the popular toy: LEGO building 
blocks. A service-orientation turns entire application portfolio of an enterprise and its 
partner into “services LEGO blocks” that can be snapped into virtually any 
configuration. Since, like LEGO, the only real limit on what can be done with these 
blocks are the service designer’s innovation and builder’s imagination and vision – 
and no longer the technology itself (stripped of its rigidity and incompatibility) – SOA 
turns technology into a supple instrument of business strategy. 

 
 2.1.2 Loosely-Coupled Services: Services are Independent 

One important characteristic of SOA is that services are loosely-coupled. Loose 
coupling describes an approach where integration interfaces are developed with 
minimal assumptions between the sending/receiving parties (Orton and Weick, 1990), 
thus reducing the risk that a change in one component will force a change in another 
component. The services are mutually independent but orchestrate with each other. 

Loosely coupling has multiple dimensions. Integration between two services 
may be loosely coupled in time using Message-oriented middleware (XML, SOAP, 
WSDL), meaning the availability of one system does not affect others. Alternatively, 
integration may be loosely coupled in format using middleware to perform Data 
transformation, meaning differences in data models do not prevent integration. In Web 
Services or SOA, loosely coupling may mean simply that the integration is hidden 
from the caller and function (Kaye, 2003). 

Loosely coupled services, even if they use incompatible system technologies, 
may be connected to create composite services. Participants could share the same 
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semantic framework to ensure that messages retain a consistent meaning across 
participating services. 

Therefore, the value extended by integration will less relate to value of specific 
services after integration. All services and component are independent and low 
correlative, so are their benefits. By these definitions, this research will set a coupled 
coefficient in chapter 3. 

 
 2.1.3 The Return and Value of SOA Projects 

The most important goal of SOA is “reusing”. It can reduce the cost of 
duplicated implementation and promote the efficiency of IT productivity. 
LogicLibrary has surveyed: 

1. Building components for an SOA requires only ~20% additional investment 
over development for one-time use, compared to the ~50% additional investment 
required to build traditional reusable components. 

2. After an initial learning curve, the development costs for reusing an SOA 
service are about ~½ of the costs required for traditional component-based 
development and integration, which represents a ~90% total savings over 
development from scratch. 

3. The level of reuse in a typical SOA application increased to 25% from an 
average of only 10% in a traditional component-based application, which drives 
significant cost savings on future SOA projects. 

Past literature has presented a host of potential SOA value which can be captured 
through SOA initiatives (Poulin 1996; Erl 2008; Krafzig, Banke, and Slama 2006). 
The studies have mentioned agility, flexibility, and services reuse. For Example, 
Poulin (1996) has showen the economics of reuse. Erl (2008) has presented the 
organizational agility is one of the SOA strategic goal. Krafzig, Banke, and Slama 
have discussed the relation between agility and SOA benefit (2006). 

Marks and Bell (2006)’s SOA ROI matrix is the most comprehensive analysis 
so far. It summarizes the prior SOA value studies and proposes five tiers of SOA ROI 
Model. The five tiers are service project tier, transaction and information latency tier, 
integration and interoperability tier, service-oriented process and service orchestration 
tier, and enterprise SOA tier. Details of this model are described blow and 
summarized in Table 2-1. This research also summarized other literatures which have 
similar opinions in ROI focus to this ROI matrix and mark the author in the 
parenthesizes. 

 
 
 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

10 
 

 
 

SOA ROI Model ROI Focus Saving or Value ROI Category 
Service Project Tier Developer productivity and 

project cost 

(Krafzig, Banke, and Slama, 

2006-Reduced project cost, 

Reduced maintenance costs)  

Development cost, 

project cost 

Cost reduction 

Transaction & 

Information Latency 

Tier 

Cost of information latency in the 

value chain 

(Krafzig, Banke, and Slama, 

2006-Risk of failure) 

(Erl,2008- increased Federation) 

(IBM, 2006 – Reduced processing 

time, reduced error, reduced 

system downtime) 

Hard costs of currency, 

safety, accurate data 

Time value of money; 

process speed; 

accurate information; 

better decisions 

Integration & 

Interoperability Tier 

Services reuse and integration 

avoidance (Integration of 

consuming less resource ) 

(Erl, 2008 – Increased Intrinsic 

Interoperability) (IBM,2006 - 

Reduced integration) 

Services reuse, cost 

avoidance from custom 

integration and 

commercial proprietary 

integration 

Integration cost 

avoidance, service 

reuse, multichannel 

integration, achieve 

SOA critical mass 

Service-Oriented 

Process & Service 

Orchestration Tier 

Service reuse, process 

orchestration, project speed and 

cost reduction (Erl, 2008 – 

increased business and 

technology alignment, reduced IT 

burden) (IBM,2006 – reduced 

time to market) 

Service reuse, process 

improvements, time to 

market, developer 

productivity 

Cost avoidance, reuse, 

process orchestration 

VS software 

development, SOA 

network effects 

Enterprise SOA Tier Strategy value, customer 

satisfactions, time to market, 

competitive advantage 

(Erl, 2008 – increased 

organizational agility, increased 

vendor diversity 

options)(IBM,2006 - increase 

revenue) 

Reuse, process 

efficiency, cost 

reductions, revenue 

enhancement 

Revenue growth, cost 

reductions, IT 

productivity, business 

agility 

Table 2‐1 SOA ROI Model 
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(1) Service Project Tier 
This tier focuses on the independent service project. The development of a 

service project must increase the developer’s productivity and reduce project cost (For 
example the Common Language Runtime can combine different languages skills and 
decrease transforming and learning cost). Some duplicated components are just built 
once, the project cost also decreases. There are important goals that development cost 
and project cost should be reduced. So the ROI of this tier should be grouped under 
cost reduction. 
(2) Transaction & Information Latency Tier 

In this tier, a service’s value could be measured by the information transaction 
between the business partners or operational companions. Less time spent could bring 
more value of SOA. More currency, safety, and accurate data will promote the 
cooperation of the members on value chain (For example XML provide the common 
flexible data formation). Thus the ROI could be grouped under time value of money, 
process speed, accurate information, and better decision. 
(3) Integration & Interoperability Tier 

Comparing with the traditional IT architecture, SOA focuses on services could 
be reused. For this reason integration will be simple and immediate (Traditional IT 
integration obstruct on lots of legacy system and different platform). More partners 
use services developed will yield stronger reusing power (For example upstream 
manufacturers are often forced to use the same information formation as the 
downstream customers). The value which SOA brings is integration simplified and the 
cost which SOA avoids is interoperability cost. Cost avoidance, services reuse, 
multichannel integration, and achieve critical mass are ROI categories in this tier. 
(4) Service-Oriented Process & Service Orchestration Tier 

Processes must be modified to service oriented in accordance to SOA, for 
example a process would be disassembled into modules. After integration, an 
organization’s processes will get advantage or reengineered. Processes dispersing in 
different functional department could orchestrate more flexible and effective. Speed 
of services development could be accelerated because of the services reusing and 
process modulization (higher developer productivity). Therefore adjusting between 
operational process and IT (or services) construction is the main focus. Faster time to 
market let an organization face chaos environment. Thus the process orchestration VS 
software development is the ROI category in this tier. 
(5) Enterprise SOA Tier 

The SOA approach aligning to the business strategy is an enterprise’s IT 
strategy focus surely. The business strategies including customer satisfactions, time to 
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market, and competitive advantage could be achieved, because the characteristics of 
SOA – reusing and flexibility. Adjusted SOA will bring the value like process 
efficiency, revenue enhancement. For these reasons the ROI in this tier can be 
categorized into revenue growth, cost reductions, IT productivity, and business agility. 

SOA in network externality should have different development focus after 
service integration and therefore, may apply different ROI tiers. In our study, we will 
use this five-tier ROI matrix to calculate ROI in service-specific and 
service-integration (section 2.1.5). But before we describe this further, we need to 
consider the expenditure first.  
 

 2.1.4 Investment Expenditure of SOA project 
SOA investment includes various implementation costs spent by services 

providers and users. According to IBM report (2006), SOA investments vary based 
on whether the underlying player is using services, providing services or both (see 
Figure 2-2). Each of the components depicted in this figure include one or more cost 
elements, such as software, hardware, infrastructure, labor, and management & 
training cost. 

A service user can be a web-based e-commerce site using a shipping service. 
The e-commerce site can change the front-end application by tapping any service 
made available by a service provider. The service provider in this case can be other 
lines of business within the same firm or, within the near future, external service 
providers. The user’s total investment cost includes the change of the front-end 
application, allowing him to tap these services. Since service providers are those that 
create services that others, within his firm or outside of it, can use with their 
applications, their implementation expenditure includes the development of SOA 
infrastructure, the creation of new, or alteration of existing, applications, and the 
generation of interfaces. If a firm is both service user and provider, it is said to have a 
full implementation of SOA. In this case, it should build the entire application, and 
incur the expenditures for all the components shown in Figure 2-2. 

 
Figure 2‐2 Investment expenditures vary based on whether scope is A, B or C. 
Source: IBM Institute for Business Value (2006)  

Therefore, the SOA investment expenditures don’t only contain physical 
investments but also the operational expense and design-time governance (Marks & 
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Bell, 2006) investments. Design-time governance investments are initial investments 
(section2.2) of an SOA project. These are accomplished by discovering, identifying, 
and inventory business and technology assets using metadata catalogs. Metadata 
catalogs are repositories for various IT components, including executables, design 
patterns and related knowledge assets, object libraries, software modules, and even 
services. Operational investments are the expenditure in succession after 
implementation while the system is during the proceeding period. 

We summarize these costs as follows: 
SOA design-time governance investments are initial investments which contain 
project planning/requirement analysis expenditure, cost of discovering/designing new 
services for reuse, metadata catelogs, developer tools and integrated development 
environments (IDE, e.g. J2EE, Visual Studio). 
SOA operational investment denote management expense (training and maintain) , 
communication fee (network expense), system backup and recovery. 
SOA infrastructure investments include hardware and software costs (server and 
operational system), database costs, (i.e. SQL server, DB2, Oracle….), environment 
cost (Lab, security). 
Service interface investment indicate time and money spent in data and information 
agreements (such as XML, SOAP, etc.), costs of broker and agent mechanism (like 
UDDI), middleware (e.g. enterprise service buses), operational process integration 
expense, investment of service orchestration, and organizational change and 
reengineering of the service’s reusability and flexibility. 
Business application investments are design and analyze expense of service 
innovation, development expense of services and application modules 
(implementation and debugging), and training/install fee. 
Front-end application costs represent transformation cost of protocol (such as XML, 
WSDL, and SOAP), web-based application (like a client application), and 
training/install fee. 
 SOA in different stage may incur different investments, including the initial 
investment of the project and the exercise investment. This research will discuss the 
investment stages of the switching project in section 2.2. 
 

 2.1.5 The Network Effects of SOA 
According to Marks (2004), the “consumer” of one service includes the users 

and “other service” applying this service. The concept is adapted from Metcalf’s Law 
(Gilder, 1993). Value of SOA depends on the number of services and consumers. As 
more services become available to more consumer (include users and other services), 
the value of the SOA will increase until critical mass is achieved. In this paper, SOA 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

14 
 

critical mass is defined as the point where enough services are available within a 
domain, or across multiple domains, such that multiple business process can be 
orchestrated from them. In other words, SOA critical mass is achieved as the SOA 
value reaches a threshold beyond that a number of components, domains, users can 
orchestrate and integrate with each other in all kinds of innovation business process. 

Kauffman et al. (2000) have presented a network effects model and argued 
that .the network technology valuation is derived from two separate specific sources: 
technology-specific valuation and network-related valuation. In their model, the value 
of a network effect is represented by 

a + b(N), 
Where “a” denotes technology-specific valuation, which is the “stand-alone” 

benefit an adopting firm derives from the technology, N denotes the size of the 
network, and “b(N)” represents network-related valuation, which is the 
“compatibility” benefit derived from other partners’ conformance to the same 
standard. Figure 2-3 depicts the network effects model proposed by Kaufman et al. 
(2000). Increasing of the network size N will make the b(N) step up. 

 
Figure 2‐3 The typical Network Effects Model 
Source: Kauffman, McAndrews, and Wang (2000)  

 

Since SOA can be viewed a network technology in view of its underlying 
technology makes the IT platform integrated and information formation unified as a 
series of “shared standards” (i.e. XML makes the data format unified and SOAP 
makes the services called in accordance way), its valuation also consists of two 
sources, namely service-specific capital (SS) and services-integration capital (SI). The 
value of the SOA network effect can be represented by  

SS+SI(N), where N denotes the number of connecting services.  
 Capital SS (Service-Specific Capital)- 

The investment of service-specific capital focuses on the independent service project. 
That is, design and Implement a “stand-alone” service. Since it is stand-alone, the 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

15 
 

benefits focus on “service project tier” and “transaction and information latency tier” 
(Table 2-1). 

 Capital SI(Service-Integration Capital) 
The investment of service integration capital focuses on the process orchestration, 
services reusability, and operational flexibility. The goal of these capitals is the 
synergy of “network effect”. That is, the value will rise while the connecting number 
(N) increases. Based on Table 2-1, the benefits focus on “integration and 
interoperability tier”, “SO process and service orchestration tier”, and “enterprise 
SOA tier”. 
 We combine them with section 2.2.2. If the correlation between capital SS and SI 
is low, the system close to a loosely-coupled system. While the benefit of a specific 
service changing will less affects the benefit of integrity services (independent). On 
the contrary, the system close to a tightly-coupled system as correlation is high. 

The summary of the benefits of two capitals are shown in Table 2-2. 
 Capital SS (Service-Specific 

Capital) 
Capital SI (Services-Integration 
Capital) 

Return and 
Benefit 

ROI Focus: Developer productivity and 

project cost; Cost of information latency 

in the value chain 

Saving or Value: Development cost 

reduction, project cost reduction; Hard 

costs reduction of currency, safety, 

accurate data 

ROI Category: Cost reduction, Time 

value of money; process speed; accurate 

information; better decisions 

ROI Focus: Services reuse, integration 

cost avoidance; process orchestration, 

project speed and cost reduction; Strategy 

value, customer satisfactions, time to 

market, competitive advantage 

Saving or Value: Services reuse, cost 

avoidance from custom integration and 

commercial proprietary integration; 

process improvements, time to market, 

developer productivity ; process efficiency, 

revenue enhancement 

ROI Category: Integration cost avoidance, 

service reuse, multichannel integration, 

achieve SOA critical mass; Revenue 

growth, IT productivity, business agility. 

Table 2‐2 Benefit of two capitals 

 
 2.2 Switching Investment of Information System 

 This research mainly discusses the switching strategy from legacy system. 
First, we review the software development life cycle (SDLC) to know the life-cycle 
phases. Department of Justice provides a standard and explicit frame of SDLC which 
comprehend all the detailed phases (2003): 
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 Phase Content 

First 
Stage 

Initiation Begins when a sponsor identifies a need or an opportunity. Concept proposal 

is created 

System 
Concept 
Development 

Defines the scope or boundary of the concepts. Include systems boundary 

document, cost benefit analysis, risk management plan and feasibility study. 

Planning Develop a project management plan and other planning documents. 

Provides the basis for acquiring the resources needed to achieve a solution. 

Requirement 
analysis 

Analysis user needs and develops user requirements. Create a detail 

functional requirements documents. 

Design Transform detailed requirements into complete detailed systems design 

document. This focus on required functionality. 

Second 
Stage 

Development Convert a design into a complete information system. Includes acquiring and 

installing systems environment; creating and testing databases; preparing 

test case procedures, test files, coding, compiling, refining programs; 

performing test readiness review and procurement activities. 

Integration and 
Test 

Demonstrate that developed system conforms to requirements as specified 

in the functional requirement document. Conducted by quality assurance 

staff. This phase produces test analysis reports. 

Implementation Implementation of the system into a production environment, and resolution 

of problems identified in the integration and test phases. 

Operations & 
Maintenance 

Describe tasks and maintain information system in a production environment 

while the system is official online. Those include post-implementation and in 

process reviews. 

Disposition Describe end-of-system activities. Emphasis is given to proper preparing of 

data. 

Table 2‐3 Phases in SDLC 

Assume that an enterprise wants to invest a new IS, we summarize the 
conceptual and logical phases, like “Initiation”, “System Concept Development”, 
“Planning”, “Requirement analysis”, and “Design”, into first stage. The expenditure 
in first stage is pre-operational investment, such as expenditure in concept, planning, 
analysis, and designing. After that are physical phases, such as “development”, 
“integration and test”, “implementation”, “operations & maintenance”, and 
“disposition”. These phases are summarized as second stage. Among the second stage, 
the benefit of the information system will return during the “operations & 
maintenance” because the return always expose after implementation. In the frame of 
switching, Benaroch have presented that switch using is the disposition (abandon) in 
the end of legacy system lifecycle and adopt a new system (2002). If an enterprise 
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wants to knock out the legacy system and switch to a new system, the pre-operational 
stage of new system may progress before the disposition of the legacy system. Then 
exercise the physical investment to implement and abandon the legacy system. Only if 
the second stage of new system come close to the disposition of legacy system, the 
information service wouldn’t be idle. 

 
Figure 2‐4 Illustration of Switching Investment 

Figure 2-4 shows that switching is disposition of legacy system and adoption of 
new system at exercise time. Hence, at the end phase of legacy’s SDLC, the new 
system must be initialed at the same time. Implementation time includes three phase 
of SDLC – development, integration/test, and implementation phases. After the 
implementation time, the new system will just be official online and the benefit will 
return. Another information which figure 2-4 offers is investment order. At initial 
(t=0), the enterprise pay the initial investment. At exercise time(t=T), switching cost is 
put in. After implementation (t=T+d), operational expenditure is spent to keep the 
new system online. 

 
 2.3 Capital Budgeting Methodology 

There are several capital budget methods. We will review the most broadly used 
one-NPV, and then discuss its disadvantage in evaluating long-term and highly risky 
IT project. The real option approach is introduced and how this approach can help 
find justify the payoff of the investment project under uncertainty. At last, we give an 
derivative and overview of switching option and its pricing model. 
 

 2.3.1 Traditional Valuation Methodology-NPV 
For more than four decades, financial academics have developed the net present 

value (NPV) method as a widely used procedure in making capital-budgeting 
decisions (Mason and Merton, 1985). NPV can be viewed as a series of discounted 
cash flow to present value. A switching project's NPV is determined using the 
formula 2.1. Since negative NPV projects should not be undertaken, this project 
would be rejected. It’s suitable to measure a short term period project and definite 
project cash flow. But it is difficult to identify clearly user benefits (indirect to cash 
flow), and inexperience with the technology will result in high development costs 
(Santos 1991). 
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       (2.1) 

Where Ipre = initial investment at first stage 

legacy(t)

new(t)

V  value of legacy system   " "

V  value of new system   " "

net at time t

net at time t

=

=
 

SC = switch cost 
  r = the constant discount rate 
  T = Exercise Time (time to second stage) 
Since IT investments are usually long-term period projects. It’s hard for NPV to 

measure their cash flow directly and any uncertainty (includes the risk and exercise 
time) about returns. Because of the uncertainty, it’s hard to observe value in future (as 
t>0). NPV is even more inappropriate to evaluate the performance of SOA projects as 
SOA projects not only span long term period but also involve the network effects. 
 

 2.3.2 Real option approach 
Financial Option is an investment tool applied practically. The underlying 

includes stock, bonds, futures, foreign exchange…etc. Generally speaking, it’s a 
“time contract” with a strike price. The most famous one is Call Option. The future 

value of a Call Option when maturity ( TC ) could be shown as: 

  ;  
max( ,0)

0          ;
T T

T T

S K if S K
C S K

otherwise
− >⎧

= − = ⎨
⎩

      (2.2) 

S denotes the present stock price, index “T” presents the time is maturity (All the 
below indexes in this research are important, they present the time stamp.), and ST 
represents the stock price at maturity (t=T). Symbol “K” stands for strike price; 
Option holder would get the cash flow if the stock price is higher than strike price (in 
the money), or get nothing otherwise (out the money). 

The option pricing model is based on the stochastic stock price, the stock price 
in the future is randomly walking. There exists uncertainty of stock price in the future. 
Hence the option pricing models (such as black-scholes model and binomial pricing 
model) are always the expectation of the future opportunity value. 

If this future value is discounted to present, the price of a Call option (C) means 
opportunity value. Use the expectation to show the present value: 

          (2.3) 
 

In equation (2.3), where r is the discount rate and  is an index function 
which is established only as the event in the parenthesis occurs. The meaning is the 

{ }1 •

( ) { }1
T

rT
T S KCall e E S K−

>
⎡ ⎤= −⎣ ⎦
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value of a call option is a present opportunity value at initial (at t=0) which is 
expected to the exercise cash flow (at t=T). This can be illustrated as Figure 2-5. In 
order to pricing this opportunity value of present value, the field of finance has 
developed a variety of option pricing models, such as Black-Scholes model, DTA, 
and Monte Carlo simulation. Because the pricing model was originally developed to 
evaluate options on securities traded in the financial markets, they make certain 
assumptions that more naturally apply to options on traded assets.  

 

Figure 2‐5 Illustration of opportunity value within a call option 

When option pricing method is used in evaluating capital budgeting investments, 
it is called real options approach (e.g., Sick 1990). The validity of this approach is 
often questioned. The criticisms primarily focus on whether one can analyze 
nontraded assets using models that were formulated to evaluate assets that are traded 
in a financial market. However, this approach is especially powerful to assess the 
value of investment project which contains uncertainty and a deferring period 
(Chatwin et al. 1999).  

The fundament investment strategy using real option approach is viewed as two 
steps (Santos, 1991): 
1. At initial (t=0), the project manager should evaluate the opportunity value of the 

investment by option pricing model. The opportunity value is viewed as a budget 
of the pre-operational work like planning, initial, designing…….etc. E.g. An 
E-Business firm invests the pre-operational cost evaluated by option pricing 
model to planning, initial and designing of the ERP project. 

2. At exercise time (t=T), if the payoff is positive (company will earn money), the 
decision undertake the project. Otherwise, the project will be abandoned. 

By these definitions, real option approach is recommended for those cases in 
which management has considerable flexibility in determining how the project 
proceeds after the initial investment decision has been made. The enterprise pays the 
partial expenditure (initial investment) to get the right of option at exercise time. 

Comparing with NPV, real option approach considers the value coming from 
the flexibility of management. That is, managers have the rights to exercise the 
investment in the future, but not obligation. Damodaran (2002) have presented that 
the NPV doesn’t consider the important parameters, T (Exercise Time) and 
σ (Project risk), which are ingredients of uncertainty (Figure 2-6). Thus, NPV is not 
suitable for assess a long term and highly risky project 
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Figure 2‐6 The Difference between two approaches’ parameters 
Source: Damondaran 2002 

 

 2.3.3 Switching Option 
In real option theories, there are several kinds of real option analyzing the 

different investment behaviors (Copeland and Antikarov, 2001): 
1. Deferral option: a project manager has rights to defer the investment 

exercise time. This could be seen as a call option. 
2. Abandon option: a project manager has rights to abandon the project and 

get a fixed earning. This could be seen as a put option. 
3. Contracting option: to realize on a portion of project for fixed earning. This 

could be seen as a put option. 
4. Expanding option: paying a price to expand the project scale. This could be 

seen as a call option. 
5. Extension option: paying the exercise price to extend the life of the project. 

This could be seen as a call option. 
6. Switching option: switching behavior between two operations in the future. 

Investor spends a switch cost to switch from original operation to new 
operation. This could be seen as a combination of call and put option. 

We choose the 6th option to build our model, because this research focuses on 
whether the enterprise should switch their system to SOA. 

The fundament investment strategy using switching option approach is viewed 
as two steps: 
1. At initial(t=0; first stage), there are two solutions of a switching project that an 

existing legacy system might be switched to a new system. The project manager 
evaluates the opportunity value of the switching project by option pricing model. 
The opportunity value is viewed as a budget of initial investment in new system. 
e.g. the expenditure of preparation work like planning, initial, designing……. 

2. At exercise time (t=T; second stage), if the payoff of new system is higher, the 
manager abandon the legacy system and undertake the new system. Otherwise, the 
legacy system will continue. 
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Assume a project is switching from a legacy to a new system, the payoff of a 
switching option at exercise time (second stage) is: 

New( ) Legacy( ) New( ) Legacy( )

New( ) Legacy( )

( C)  ;  C

0                                   ;  C<
T T T T

T
T T

V S V if V S V
Switch

if V S V

− − − >⎧⎪= ⎨ −⎪⎩
 

VLegacy and VNew are the net values of Legacy and New system while the 
operations are proceeding at second stage. SC is the switch cost and VNew(T) – 
SC –VLegacy(T) is the payoff after switching. Index “T” presents the value is at exercise 

time – “T”. Therefore, the meaning of TSwitch  is the payoff of switching at the 

future time – “T”. If the operational expenditure (maintaining, managing fee…..) 

exists among the net value, the switch option’s payoff would be transformed to: 

BLegacy and BNew are the benefit of the legacy and new systems; Legacy oprtI  

and New oprtI  denote the investment expenditure of operational expenditure. Assuming 

we substitute SC+ Inew_oprt by INew and ILegacy_oprt by ILegacy, the option payoff could be 
simplified as: 

( ) ( ) ( ) ( )

( ) ( )

( ) ( ) ;  B

0                                                     ;  B
New T New Legacy T Legacy New T New Legacy T Legacy

T
New T New Legacy T Legacy

B I B I if I B I
Switch

if I B I

− − − − > −⎧⎪= ⎨ − < −⎪⎩
       (2.4) 

This form of switching option includes the benefit, operational expenditure, and 
switch cost. Among this equation, denotes continuum net value of 
continuum using that legacy system, anddenotes switching net value of 
switching to new system. We will use it to develop our models. According to figure 
2-4, the switching option under the legacy and new systems is illustrated by first and 
second stages as: 

 
Figure 2‐7 Illustration of switching option 

 By figure 2-7, there are two solutions for an enterprise but only one solution 

( ) New ( ) New ( ) New ( ) Legacy 

( ) New (

( C ) ( ) ;  B C

0                                                                 ;  B C

T

New T oprt Legacy T oprt New T oprt Legacy T oprt

New T oprt Legacy

Switch
B S I B I if S I B I

f S I B

=

− − − − − − > −

− − < ) Legacy T oprtI
⎧⎪
⎨ −⎪⎩

( )Legacy T LegacyB I−

( )BNew T NewI−
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could be selected according to whose net value is higher at exercise time. Referring to 

equation 2.4, if the benefit of legacy system (
( )Legacy TB ) is too high and then the 

continuum net value is higher (
( ) ( )BNew T New Legacy T LegacyI B I− < − ). The payoff might be zero 

after exercise time as follow: 

 

Figure 2‐8 Payoff of switching option 

 
 2.3.4 Option Pricing Model 

The difficulty of option pricing is that the paths of assets are stochastic and 
walking randomly in the future because of uncertainty, the illustration is: 

 
Figure 2‐9 Illustration of Option Pricing under Stochastic process 

In figure 2-9, we could understand that uncertainties of assets exist in the future, 
and option pricing should be based on the expectation of the future. It’s also the 
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opportunity value of switching investment: 

( ) { }( ) ( )
( 0) ( ) ( ) B

S ( ) ( ) 1
Y T Y X T X

rT
t Y T Y X T X I B I

witch e E B I B I−
= − > −

⎡ ⎤= − − −⎢ ⎥⎣ ⎦
 

The field of finance has developed several option pricing methods, and this 
section introduces them as follows: 

1. Black-Sholes model (B-S model): The most widely applied pricing methodology 
(Black and Sholes, 1973). This model is forms based on the stochastic calculus and 
probability measure theory, so it suits any underlying assets which fit to the Ito 
process and could be transformed to arbitrage-free measure. It’s a direct solution of 
option because the result is calculated directly by mathematic formula. Call and put 
options are the fundamental forms of B-S model. Other options would be reformed to 
alternative B-S model by complex derivatives. 

2. Decision tree approach (DTA): this approach is a discrete mathematical approach 
(Cox, Ross, and Rubinstein, 1979). The stochastic process is classified to upward and 
downward trends. Therefore, the paths in a friction of time are induced binomially 
(upward/downward) by occurring probability. In a long-term investment project, it 
will be extended as a recombining tree. While pricing an option, a spanning binomial 
tree will calculate the probabilities of decisions and deduce the opportunity value to 
time “0”. The limitation of a binomial tree pricing approach will result the same 
solution as B-S model. 

3. Monte Carlo simulation: The fundamental of Monte Carlo simulation (Boyle, 1977) 
bases on that any option’s presents value equals to its expectation of discounted future 
value under risk neutral measure. If we know the assets’ value processes and 
distributions, we could calculate the expected price of option by computer according 
to the simulation of assets value path 10’000 times. The program should transform it 
to the expectation of each option by mean of the 10’000 final paths, and then discount 
it by risk neutral interests rate – “r”. This method could calculate the option’s present 
value. This is an easy approach to calculate complex option flexibly. 
 B-S model DTA Pricing based on 

Monte Carlo simulation 

Distribution of 

paths 

Lognormal binomial Flexibility (programmable) 

Pricing speed Fastest  

(direct solution) 

Fast Slow 

(a large number of  paths) 

Flexibility Low 

(alternative option should be 

derived as a close form) 

medium High 

(paths can be set easily) 

Table 2‐4 Comparison of Pricing Methodologies 
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Switching option is a combination of Call and Put options, and rather complex. 
Sensitivity analysis will also need to record all paths. For these reason, this research 
will apply Monte Carlo simulation to do pricing work of switching option model, 
because it’s flexible and convenient to do paths analysis. 

 
 2.4 The Uncertainty of SOA Development 

 Section 2.4.1~2.4.2 provide the tables for risk level in SOA and non-SOA. 
Section 2.4.3 describe the increasing connecting number will rise the risk of service 
integration. In section 2.4.3, we present the market price of risk theory which is in 
order to estimate the risk of service integration in chapter 3, and it is a function of 
connecting number. 

 2.4.1 the Risk Level in SOA 
In Chang et al.’s study (2008), they defined SOA risks as ‘the variability of 

returns from an IT investment’. IT is one of the major capitals invested by companies, 
and uncertainties may occur within IT project, making IT returns vary. They also 
summarized the risk factors of SOA projects into three categories – Economic Risk, 
Organizational Risk, and Technological Risk. The more phenomenons an SOA project 
includes, and the higher risk level the SOA investment contains. Table 2-5 
summarizes the phenomenons in risk area among three categories. The following 
chapter will use ”σ” to denote risk factor, and this will be involved by the real option 
model set in chapter 3. 

 
Category  Risk Area  Risk Level

Economic Risk Resource Risks - Can’t perceive the value. Resource insufficiency in project. Less 
resource than the competitors. + 

Organizational 

Risk 

Organizational misalignment - Lack of flexibility, supportive process/ organization 
structure, organizational responsiveness, modulization of user tasks, and user 
capability. 

+ 

Ineffective project governance – benefit would be varied because lack of close 
communication within the new service project group and users. Lack of specific 
executive for reusing. High management commitment among development team 
members. 

+ 

Technological 

Risk 

Lack of Expertise - Lack of knowledge in standardization, modulization and new 
services/products. Low ability to leverage managerial IT knowledge in the customer 
service processes 

+ 

Insufficient technology planning - Difficulty in defining the inputs and outputs of the 
system. Uncertain Number of users outside the organization. + 

Technology Newness - This embrace Software/hardware newness + 

Table 2‐5 Risk Areas of SOA investment 

 
 2.4.2 the Risk Level in non-SOA 

Benaroch provided a complete summary of risk in traditional IT (2002) which 
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would add to variability of payoff. He categorized risk as: firm-specific risks, 
competitive risks, and market risks. Table 2-6 lists the risk areas of 3 categories, so 
this is also the phenomenon's of project risk. 

 
Category  Risk Area  Risk Level

Firm‐Specific 

Monetary – the firm cannot afford the investment. The financial exposure isn’t 

acceptable, and the projected cost is not in line with the benefits. 
+ 

Project – too large or too complex target application, inadequate IS staff’s technical 

skills, or the existing IT infrastructure may be inadequate. 
+ 

Functionality –Application fails to realize the anticipated benefits because the 

requirements are wrong to begin with. 
+ 

Organizational – the IT application can be undermined by vested interests of people 

in the firm, or it may be adopted too slowly by people in the firm. 
+ 

Competitive 
Competition – competitors could take an unanticipated preemptive action or simply 

respond by developing a better application. 
+ 

Market 

Environmental – unanticipated favorable or infavorable reaction of bodies that can 

effect or be effected by the application; these reactions could come from regulatory 

bodies, customers, vendors and business partners. 
+ 

Systemic – the IT application dramatically change the environment (i.e., market or 

industry) that the expected benefits vanish. 
+ 

Technological –immature experience of technology (hardware/software).  + 

Table 2‐6 Risk Areas of Traditional IT (non‐SOA and legacy) 

 
 2.4.3 Connecting Number 

In section 2.1.5, we have defined the SOA capitals under network externality. 
After integration, a number of services will be connected for reusing. We use 
“connecting number” to denote the number of services integrated and connected with 
each other. According to past literature (McFarlen 1981, Chang et al. 2008), risks 
increase with system scale because resource, technology, and process will be difficult 
to be controlled and managed when more services are involved. The larger the 
connecting number, the more departments involved, the more possible the resources 
are insufficient. Moreover, the process complexity will increase with the connecting 
number, because more operations of business unit will be altered and more conflicts 
may occur. Technology risk may also increase with the connecting number. As there 
are more services implemented, there will be more technology integration problems.  

We can expect risks of service-integration will be larger than risks of 
service-specific, because the latter relates to the connecting number for reusing. Thus 
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the risk of service-integration capital ( ( )SI Nσ ) which grows along the connecting 

number (N) is bigger than the risk of service-specific capital( SSσ ). Figure 2-10 shows 

the risk ( ( )SI Nσ ) increases with connecting number (N) in two types of service capitals. 

 
Figure 2‐10 Risk Factor of Service‐Integration vs. Connecting number 

 
 2.4.4 Market Price of Risk 

In Financial and Economic theory, there exists a relation between asset risk and 
asset return rate. Under perfectly competitive market, all the market prices of risk of 
any investment goods (capital goods) are the same (Cox et al. 1985). The market price 
of risk is presented as λ  and the following equation exists: 

rμλ
σ
−

=              (2.6) 

The μ  is interpreted as return rate of an asset and r is seen as risk-free return 
rate (i.e. risk-free interests rate). σ  is a measure of the risk of the asset. Then the 
market price of risk (λ ) means the ratio of the extra return per unit of risk. 

During the same timeframe and assume all investors are rational, the market 
price of risk of any investment goods should be the same in perfectly competitive 
market. That is, 

1 2

1 2

r rμ μλ
σ σ
− −

= =            (2.7) 

The meaning of equation 2.7 can be explained be a simple slang – “No Risk, No 
Gain”. If someone expects to gain the higher return, he should take the bigger risk. We 
illustrate it in Figure 2-11. 
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Figure 2‐11 Illustration of Market Price of Risk 

 
Since the SOA investment can be viewed as a kind of “capital goods”, the above 

equations apply. Combining the conclusion of section 2.4.3 and section 2.4.4, we can 
comprehend that if the SOA project connecting number increases, the risk will 
increase so will the return rate. This theorem will be applied to reason the relation 

between connecting number (N) and integrate risk factor ( Bσ ) in Chapter 3. 

 
 2.4 Friction – Value Delayed by Implementation 

Friction in financial markets measures the difficulty with which an asset is 
traded. Alternatively, friction is caused by trading delay and will cause the price 
different from expectation. It was largely ignored in financial theory (Stoll, 2000). 

In the region of real option, experts considered that real option is not such ideal 
because the delaying time is much more than in financial market. Implementation of 
new IS cause firms to delay the installation of additional capital (Tserlukevich, 2008). 
The payoff always returns after implementation and installing, and the benefits are 
changing after that. Hence, real option cannot explain ideally the investment behavior. 
The illustration is showed: 

 
Figure 2‐12 Illustration of Friction 

By the way, IT assets always need to be implemented. Many researches and 
bibliographies show that SOA is a methodology which could reduce the 
implementation time: IBM (2006), Marks and Bell (2006) presented that SOA reduces 
Time to market by accelerated implementation; IBM (2006) brought up SOA benefits 
of shorter cycle times and reduced integration time; Sun Microsystems (2007) 
addressed an SOA framework which can reduce the time of software development. 
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For these reasons, faster time to value for SOA implementation makes the delay time 
and friction less. Assume the delay time could decrease effectively, real option 
approach will analysis investment project more precisely. This research will justify 
that SOA is an architecture which is more suitable for real option.


