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Abstract

The purpose of this paper is to use the Analytical Network Process (ANP) with Benefits, Opportunities, Costs, and Risks (BOCR) to determine whether a commercial software provider should completely reengineer its product, partially reengineer it, incrementally reengineer it, or continue with maintenance (status quo).  The strategic criteria for this decision are market demand, maintainability, and time to market.  After synthesizing the model using both additive and multiplicative analysis, the recommended alternative is completely reengineer it.

Introduction

Most organizations have legacy applications.  According to Wikipedia, a legacy application is “an old computer system or application program that continues to be used because the user (typically an organization) does not want to replace or design it.”
  Organizations have to evaluate whether to continue to invest in the legacy application or to retire it.  Organizations often retire legacy applications by replacing them with commercial software products.

This decision is unique because the owner of the legacy application is a commercial software product company.  As organizations look to replace their in-house legacy applications with commercial software products, the software providers become more competitive.  Many organizations choose to outsource what is not core to their business.  Often, software design and development are not deemed to be core.

Software providers that do not maintain their competitive edge lose market share.  These firms are expected to be experts in their domains and to provide flexible solutions that their customers may implement faster and with less risk than developing them on their own.  A relatively new model is Software-as-a-Service (SaaS).  These applications are typically accessed over the Internet.  The software provider does not have to maintain multiple versions of software or encourage users to upgrade, since all users access the same code base.  However, the software must be flexible enough to meet the needs of different types of organizations.

For this decision, we are evaluating a software product that was written over fifteen years ago.  Initially, it was innovative and had little no competition.  Little investment has been made to enhance the software, and competitors have appeared.  Competing products use modern software tools that facilitate the development of agile applications that are more usable and more feature rich than the legacy software product.

The Analytical Network Process (ANP) was utilized to evaluate which investment in the legacy software would be best for the software provider.  The software provider periodically reviews its investments and determines its priorities based upon market opportunities.  This particular product line is not the company’s core business; however, its margins are high.  The profitability of this product enables the company to invest in its core product line.

Methodology

For this decision, the Analytic Network Process (ANP) with Benefits, Opportunities, Costs, and Risks (BOCR) was utilized.  We assumed that the product line would not be sold.  The software provider was recently acquired, and the acquiring firm is interested in learning more about this line of business.  Both firms provide philanthropic solutions to nonprofit organizations.

This particular application is not stable and requires significant manpower to keep the system up and running.  Three engineers maintain the system and spend most of their time resolving bugs and day-to-day issues.  They spend about 20% of their time making enhancements to the system.  Most enhancements are made when it is absolutely necessary and are reactive to customer demands.

The product does not have a roadmap, and the team is most often in a reactive mode.  The software provider’s priority is to maintain the revenue stream.  The application was written in Tcl and runs on a platform, AOLServer, that is no longer supported.  The database is Oracle, but it is an old version, version 8i.

The company has extended retention bonuses to maintain one of the engineers from the original product team.  There is little documentation for the system, and it is difficult to find people who know this technology.  This decision only evaluates the strategy for reengineering the application.  It does not address how the work should be done – outsourced or in-house.  The other two engineers on the project are talented engineers that have learned the language but are not experts in the application.  They have been learning about the application in a reactive manner.

Business processes do not match the application’s workflow.  It is difficult to share data with the application.  Most of the queries need to be optimized.  Slow-performing queries have been a key issue that has been plaguing the system.  When possible, the engineers have been tuning queries and code.

The software provider recently conducted a competitive analysis when clients were hesitating to renew their annual contracts.  New modules will need to be built in the next year to retain clients and enhancements will need to be made to the system.  The software provider has chosen to stay in the market for the long-term.

There are four alternatives for this decision:

1. Continue investing in the legacy application (status quo)

2. Incrementally reengineer the legacy application

3. Partially reengineer the legacy application

4. Completely reengineer

For the first alternative, the software provider would continue to invest in the existing legacy application and its underlying technology.  This is how the software provider currently operates.  The application may not be stable, but it is a known entity.  The engineers know how to keep the engines running.

The second option would provide for incrementally reengineering the legacy application.  The software provider could tune areas of the system, rather than continue with the techniques of the original engineers.  This could include refining the data model, optimizing queries, refining the workflow.  An incremental improvement could be made with each release.  This presents incremental opportunities for improvement without introducing significant technology risks to the organization.

The third option is to partially reengineer the legacy application.  With this option, the software provider could identify key components of the system to reengineer.  The software provider could focus on areas where it is least competitive or where it has the most pain.  In some cases, the techniques of the original engineers are not flexible enough to meet the needs of today’s users.  Users have different expectations for what software should do for them than they did fifteen years ago.  This alternative would require more testing and introduce more risk to the software provider.  The engineers would need to ensure compatibility between the legacy application and the reengineered components.

The fourth alternative is to completely reengineer the system.  Modern technologies and techniques could be used to engineer the new system.  Innovation would not be bound by the constraints of the legacy environment.

There are several stakeholders in this decision – Executive Management, Engineers, Account Managers, Program Accountants, Donors/Brokers, and Program Administrators.  Each has different priorities for the application; however, the ultimate decision lies with Executive Management.

Executive Management focuses on the profitability of the product line and its competitiveness.  They are looking for market opportunities and expect a return on their investments.  They look at all of the firm’s product lines and evaluate which projects obtain sponsorship.

Engineers are focused on providing reliable, high-performance software products.  Their days are full of stress and chaos as they maintain the legacy application.  They do not think working on the application is adding to their career opportunities.  The technologies used are dead.  Executive Management is dependent upon these individuals to maintain the product.  The Engineers are not easily replaceable due to their niche skill and in-depth industry knowledge.  The Engineers refer to the system as “the albatross”.

The Account Managers are comfortable with the current system.  They know many of its limitations and have found work-arounds.  Like the Engineers, they are stressed with client complaints and issues most of the day.  However, they accept this as part of their jobs.  They don’t like change.

The Program Accountants are more technically savvy than the Account Managers.  They appreciate improvements to the system.  They are most affected by the differences in the actual workflow and the business process model used by the software.

Donors and Brokers often contact the Account Managers with questions.  They expect the application to function more like their other online banking and financial management applications.  Many find the system difficult to use.  As much as they complain, most don’t really like change.

The Program Administrators are the software provider’s clients.  They are not technically savvy and do not like change.  However, they are demanding a more feature rich application.  They want to be able to do more with the software and do it faster and easier.  They are actively comparing the product to the competition.

Each of these alternatives presents a unique set of benefits, opportunities, costs, and risks.  The software provider has strategic criteria that will also be factored into the decision.

The strategic criteria are Market Demand, Maintainability, and Time to Market.  The software provider ultimately wants a profitable product line.  It wants to be perceived as a market-leader.  The strategic criteria ultimately correspond to supply and demand.  The software provider needs to provide a software application that satisfies demand and it needs to supply it in a reasonable timeframe.  This represents a fine balance for the software provider.

The software provider has to understand its market.  If it does not, it will not be able to satisfy its needs and demand for its services will decrease.  In addition to understanding the market, the service provider has to provide timely solutions to its customer base.  This requires that the software provider prioritize its projects to meet market needs and invest its resources to maximize its profits.  Maintainability is closely related to profits in that the more the firm can decrease its costs, the more profit it will earn.

Within the category of Market Demand are the following criteria:

· Competitive Position

· Customer Satisfaction

The software provider is very concerned about its competitive position and the satisfaction of its customers.  A competitive product will lead to satisfied customers.

Within the category of Maintainability are the following criteria:

· Employee Knowledge

· Employee Morale and Motivation

· Compatibility with Company Standards

· Agility

· Capacity

The software provider is highly dependent upon the technical and domain knowledge of three engineers.  The firm has software standards, but the legacy application does not conform to any of them.  This is important to minimize overall costs to the firms.

The market is changing and the software needs to be agile enough to change with it.  A more competitive product will increase the needs for capacity.  This software provider emphasizes scalability in all of its products lines and has invested in its infrastructure.  It is an industry leader in providing scalable solutions to the market.

Benefits

The table below defines the criteria for benefits:

	Control Criteria
	Clusters
	Element in Cluster

	Economic
	Internal
	Resource Salaries - Relative costs of hiring engineers with the technical skills required to maintain the application.

	
	
	Team Productivity - How the team is contributing to growing the product line and focusing on the product.  For example, chasing down issues is not considered a high value-add.

	
	External
	Resource Availability - How easy it is to find resources with the technical skills required to maintain the application

	
	
	Availability of third-party tools and components - Add-ons that may be embedded into the application to speed up the development.  Engineers can focus on the application core and not reinvent the wheel.


	Political
	Application
	Application Usability - How intuitive the application interface is; how easy it is to use

	
	Support Resource Availability
	Support Resource Availability - Availability of account manager, customer support and engineers to assist in day-to-day operations.

	Social
	Image/Reputation
	Company Image/Reputation - How external stakeholders view the software provider.

	
	
	Product Image/Reputation - How external stakeholders view the product line.

	
	Press
	Company Press - Publicity generated internally to external stakeholders about the company.

	
	
	Product Line Press - Publicity generated internally to external stakeholders about the product line.

	Technological
	Criteria
	Integrated Solution - Identifies whether additional software has to be accessed to provide a full solution. 

	
	
	Compatibility with Other Software Packages - Identifies how easily the application may be configured to integrate with other software packages at the customer’s site.

	
	
	Application Monitoring - Ease of monitoring the software stability, include both human and automated tools.


Opportunities

The table below defines the criteria for opportunities:

	Control Criteria
	Clusters
	Element in Cluster

	Economic
	Economic Criteria
	Increased Market Share - Clients using the service provider’s software versus the size of the overall market.

	
	
	Competitive Advantage/Position - How the application compares with competitors’ products.

	Political
	Team Criteria
	Increased Innovation - Team’s ability to proactive in architecting its solution, rather than being reactive to customer requests.

	
	Application – Criteria
	Less Dependency - Legacy applications often have undocumented features in both technical and functional areas.  Dependency creates risk for the software provider.

	
	
	Decreased Redundancy in Code - Legacy applications may have redundant code which may affect the maintainability of the application.

	
	
	Optimized Business Processes - Business processes in legacy applications may not mirror the latest business processes.  Business processes may not have been documented and reviewed since the application was written.

	
	Customer – Criteria
	Increase Customer Satisfaction - End user’s perceived experience of utilizing the service

	Social
	Criteria
	Career - Employees may leave if new opportunities do not present themselves.  Employees may feel that they are in dead-in positions and feel insecure with their marketability.

	
	
	Learning - Technology changes quickly.  Engineers often prefer to keep their skills up to date and enjoy learning new things.

	
	
	Motivated Employees - Employees may be become bored maintaining legacy applications.  They may be less engaged at work when they are under stress.

	Technological
	Internal
	Increased Availability - Downtime is not desirable and should be scheduled.  Unscheduled outages decrease user confidence.

	
	
	Increased Capacity - Application should be able to scale.

	
	
	Increased Performance - Application should respond in a timely manner.

	
	External
	Increased Quality - Quality of service may be improved by improving the documentation and structure of the code.

	
	
	Increased Reliability - Applications should behave in a predictable manner.  Unpredictability leads to instability and lower confidence among users of the system.

	
	
	Less Customer Support - Less customer support means that more time may be spent on high value-add.  Customer support is overhead.


Costs

The table below defines the criteria for costs:

	Control Criteria
	Clusters
	Element in Cluster

	Economic
	Company (Internal) – Costs
	Capital Investment Short Term - Investment required to maintain the current customer base.

	
	
	Capital Investment Long Term - Investment required to maintain the current customer base and expand it.

	
	
	Training – Technical Resources - Train technical resources to maintain the application.

	
	
	Documentation - Technical Resources - Create documentation for the engineering team.

	
	
	Application Design & Development - Engineer the application.

	
	
	Testing - Test changes to the application.

	
	
	Support - Technical support for products such as the operating system, web server, and database servers.

	
	
	Equipment - Hardware, telecommunication, and infrastructure.

	
	Customer (External) - Costs
	Training – Customers - Train customers.


	
	
	Documentation – Customers - Create documentation for customers to access.

	Political
	Criteria
	Time Spent on Bugs - Bugs fix existing features.

	
	
	Time Spent on New Features - New features increase the competitive position of the software.

	
	
	Turnaround on Issue Resolution - Time that it takes from when a customer reports a bug to when the fix is deployed.

	Technological
	Criteria
	Software Licenses - Third-party software licenses the database and any other third-party components used.


Risks

The table below defines the criteria for risks:

	Control Criteria
	Clusters
	Element in Cluster

	Economic
	Underestimated Risks
	Underestimated Costs - Other costs that were not identified or were underestimated at the beginning of the project.

	
	
	Underestimated Feature Build-out - Engineers estimate the effort required to build new features into the application.

	
	
	Underestimated Issue Resolution - Engineers estimate the effort required to resolve bugs in the application.

	
	Unexpected Risks
	Downtime - Unexpected issues cause downtime.

	
	
	Insufficient Budget - Budget may be reallocated or costs may grow and the product line may lose funding.

	Political
	Company
	Lack of Management Support - Management may not support the product line.


	
	
	Lack of Planning - Team may make a hasty decision and not realize the long-term effects of that decision.

	
	
	Unclear Goals - Team may not agree on goals of the product line without realizing that they do not agree.

	
	Customers
	Customer Satisfaction - Customers may become less satisfied if the application is down or if they have to wait longer for bugs to be resolved.

	
	
	Customer Perception - Customers may perceive non-responsiveness if a certain level of support is not maintained.

	Social
	Criteria
	Employee Morale - Employee’s attitudes at work.  Morale may decline when problems are difficult or the environment is stressful.

	
	
	Insufficient Training - Without proper training, engineers cannot do their jobs at their best abilities.

	
	
	Lack of an Integrated Team - Selecting a cohesive team with both functional and technical required skills is a critical success factor.

	Technological
	
	Lack of Understanding of the Legacy System - Both technical and functional resources may believe that they have more knowledge about the legacy application than they actually do.

	
	Security Compliance (Ethical Hack)
	Since this is a financial application, security compliance and vulnerability assessments are critical.

	
	Application Performance
	Modifications to the system may have unintended side-effects.  Changes that were thought to fix one problem may cause another.


Data and Analysis

For this decision, we will review the data in each subnet of the top level network (the BOCR) before reviewing the top level model.  A screenshot of the top level model is provided below:
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For each subnet in the BOCR, screenshots that contain the details of each subnet are provided in the Appendix.

Benefits

A screenshot of the Benefits subnet is provided below:
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The overall synthesized priorities for the Benefits subnet are provided below:
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From a business perspective, this prioritization makes sense for this decision.  Complete Reengineering offers the most benefits to the firm.  From a technical and functional perspective, the firm is not limited by sunk costs and historical project decisions.  The firm can take advantage of new technologies and new ideas.  The software may be built to reflect the present.

Economic criteria were the highest weighted for Benefits.
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In practice, engineering resources spend a large part of their day resolving issues, not enhancing the application.  So their efforts are productive in the short term but offer the company little long-term benefit.  Complete Reengineering would offer the most long-term benefit for the product line as whole.

Resources to maintain the existing legacy niche technology are rare which makes them expensive.  Using a modern toolset, the supply of engineers qualified to work on the application would increase.  Modern toolsets have more third-part components available so that engineers may focus on the core application functionality, not on creating commodity widgets.

Incremental Reengineering and Partial Reengineering can both increase team productivity by focusing on improving the most problematic issues within the application.  Status quo could offer some improvement if a knowledge base were created and shared amongst team members.  This would enable them to focus on new problems, not solving the same problem multiple times.  For all of the alternatives except for Complete Reengineering, the firm must maintain a staff of engineers that have the required legacy skills.

Social is the second most important criteria for benefits.  Making improvements to the system generates positive buzz both internal and external to the company.  This also enhances the company’s image and reputation in the market.  With a Complete Reengineering, the market perceives stability and that the company will stay in the market.  If the company does not invest in its product line, the market may perceive this as a lack of commitment.

Sensitivity Analysis

Sensitivity Analysis indicated that before 0.1, Status Quo offers the most benefits.  With this selection, the firm is not prioritizing benefits.  At this point, the firm has already extracted most of the benefits from the legacy application so there is little room for improvement without some form of reengineering.

At 0.1, Complete Reengineering starts to become the most desirable alternative.  It has the highest benefits at 0.4 and is significantly higher than all of the other alternatives, even when it starts to decline.

Partial Reengineering is initially the least desirable; however, after 0.54, it becomes the second most desirable.

Incremental and Status Quo follow a similar sensitivity path, since neither addresses the root cause of the limitations in extorting potential benefits.
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Opportunities

A screenshot of the Opportunities subnet is provided below:
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The overall synthesized priorities for the Opportunities subnet are provided below:
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Complete Reengineering presents the greatest opportunity to the firm.  The firm is not bound by sunk costs and is free to innovate.

Economic and Political criterion were the highest weighted for Opportunities.
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Complete Reengineering presents the most opportunities for advancing the firm’s competitive position and to increase its market share.  Partial Reengineering is second, assuming that the firm focuses its efforts on the business processes in the system that will gain it the most competitive advantage and market share.

Not surprisingly, Status Quo offers the fewest opportunities to the firm.  Additional opportunities require a more competitive product.  Status quo offers few opportunities in the Political subnet.  With the current system maintenance, the firm could decrease redundancy in the code; however, this will lower its internal costs but it will not create new opportunities for the firm.

For Complete Reengineering, the largest impact is to reengineer the business processes.  This would make the system more intuitive and enable the user to relate the software more to her job.  This reengineering effort would improve customer satisfaction.  Customers would no longer have to enter data differently from how it is used and collected.

Partial Engineering offers similar opportunities but on a smaller scale due to the sunk costs in the remaining legacy components.

Sensitivity Analysis

As in Benefits, the Status Quo and Incremental Reengineering alternatives follow a similar path with marginal impact.  Initially, the least desirable alternative is Partial Reengineering; however, it becomes the second most desirable at 0.56.  As in Benefits, Complete Reengineering is significantly more desirable than the other alternatives after 0.08.
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Costs

A screenshot of the Costs subnet is provided below:
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The overall synthesized priorities for the Costs subnet are provided below:
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Complete Reengineering presents the highest cost to the firm, shortly followed by Partial Reengineering.

Economic criterion was the highest weighted for Costs.
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The majority of the costs for the Complete Reengineering alternative are in the Application Design & Development.  While the firm is doing a complete reengineering, it still has to absorb the maintenance costs to keep the legacy application running.

Partial Reengineering is almost as costly as Complete Reengineering.  The firm has to spend additional money in overhead to maintain an integration layer between the two systems.  Users have to be trained on both systems, and documentation has to be prepared for both systems.  Users may have more support calls because they may become confused on where to go perform specific actions.

Sensitivity Analysis

As cost sensitivity increases, Status Quo and Incremental Reengineering are the most desirable alternatives.  At point 0.67, Partial Reengineering and Complete Reengineering are equal.

[image: image13.png]& Sensitiity analysis for Super Decisions Main Window: .. (=il =)
Fie Edt_Help
o
8
08
04
02
01 B2 03 04 05 08 08 03 10
02
| ..
I 08
08
Expeiimerts
Complete Rezngineeing 4 0362
Inciemental Reengineering 2 0163
Pattal Resnginesing 3 038

ot Costs =S





Risks

A screenshot of the Risks subnet is provided below:

[image: image14.png]



The overall synthesized priorities for the Risks subnet are provided below:
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Complete Reengineering and Partial Reengineering present the most risk to the firm.  Venturing into new technology may present unexpected and underestimated issues to the firm and its customers.  Status quo and Incremental Reengineering offer less technological risk, since the firm knows the legacy technology.

Economic criteria were the highest weighted for Risks.
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Partial Reengineering presents the most risk since an integration layer will need be introduced into the application.  Part of the application will remain in its legacy state and part will be reengineered with modern tools.  However, data still has to be shared between the two systems.  Most customers prefer not to have to go to two different systems to execute their business processes.  Partial Reengineering will present more points of failure and a more complicated architecture.

Complete Reengineering presents the most risk for underestimating.  However, all alternatives have high risks related to the effort required to resolve an issue.  This is an issue that plagues many technology projects.

When looking at the Political subnet, Complete Reengineering presents the most risk.  A successful Complete Reengineering requires clear goals, management support, and planning.  The functional and technological teams must work together to establish and meet the business goals.  Management may lose interest in the project or change the priorities of the firm.  Teams may be excited to start a new project and jump into the project without planning which will introduce additional risk to the project.

Sensitivity Analysis

Risk sensitivity is almost identical to cost.  However, Partial Reengineering and Complete Reengineering intersect at 0.53 implying that the risk is the same.
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Top Level Network
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Additive (Negative) Analysis

The overall synthesized priorities for the top level network using the additive formula are provided below:
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Using this formula, Complete Reengineering is the recommended alternative.  This formula has a long-term view of the decision.

In the long-term, the increase in opportunities and benefits will offset the risks and costs for the Complete Reengineering alternative.  Investing in the product line makes a statement to the market about the firm’s commitment to this product line.  It requires a significant investment and presents significant risks to the firm; however, in the long-term these investments should pay off.

Status quo and Incremental Reengineering are prioritized about the same.  These options minimize the costs and risks to the firm; however, the benefits and opportunities are limited.  If Status quo is selected, the software will most likely lose customers over time and the product line will not grow.  Incremental Reengineering can provide some benefits and opportunities with a relatively small increase in risks and costs to the firm.

The product line is losing its competitive position and is losing market share.  Long-term, this path will lead to retiring the product line and exiting the market if these paths are chosen.  Both of these require engineers with legacy skills and a continued investment in sunk costs.

Partial Reengineering is the least desirable alternative.  In the long-term, this alternative minimizes some risks; however, it requires increased redundancy and increased overheard which results in increased costs.  The integration between the old and new systems could be risky and costly to the firm.  Without a full commitment to the new technologies, there will be unrealized benefits and opportunities.

Sensitivity analysis indicated that increasing risks increases the desirability of the Complete Reengineering alternative.  Status Quo and Partial Reengineering increase at about the same rate as risk tolerance increases.  Status Quo presents more business risks; Partial Reengineering presents more technical risks.

Multiplicative Analysis

The multiplicative model takes a more short-term approach than the additive one.  Like the additive model, the Complete Reengineering alternative was recommended.

This method prioritizes the other alternatives almost equally.  The costs may be similar for each of them; however the long-term benefits and opportunities are different.  Status Quo focuses on being reactive to issues and keeping the system running.  Partial Reengineering can focus on moving specific components to a new environment; however, additional costs are incurred as with the additive analysis.  Since a full commitment is not made to the new environment, the project may be stretched out.

In the case of Incremental Reengineering, the firm is continuing with the same legacy architecture.  This is risky due to known limitations and issues with the current platform.

The screenshot below summarizes the priorities for this analysis:

[image: image20.png]New synthesis for: Super Decisions Main Window: Myers_Sajja_F

Here are the overall synthesized priorities for the alternatives. =
'You synthesized from the network Super Decisions Main
Window: Myers_Sajja_ReengineerLegacyApplication.mod:
formulaic: ratings

Name Graphic [Ideals [Normals | Raw
Complete Fieengineering NN (1.000000 | 0552136 [1.002434)
(incemental Reengesing 0284647 0165704 0285040
[ PatielFeenoneeno | (0222008 0129257 022257
[ Sawsan | [o2r1119] 0122800 [o2riex





Conclusion

For this decision, we used the ANP model with BOCR to determine whether a commercial software provider should completely reengineer its product, partially reengineer it, incrementally reengineer it, or continue with maintenance (status quo).  The recommended alternative by both the additive and multiplicative analyses is to completely reengineer it.  

The key strategic criteria were market demand, maintainability, and time to market.  In order to increase its competitive position and create more demand for its product line, the service provider needs to invest in its software and commit to the product line and its customers.

Future Research

After deciding which alternative to use, the commercial software provider needs to develop a plan for achieving that goal.  If the recommend alternative (Complete Reengineering) is taken, it needs to decide which components to outsource and what types of resources to hire internally.  The ANP could be used to help make some of these decisions.

This ANP could also be used to estimate potential market share if the product was reengineered.

Appendix

Benefits – Economical
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Benefits – Political
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Benefits – Social
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Benefits – Technological
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Risks – Economical
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Risks – Political
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Risks – Social
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Risks – Technological
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Opportunities – Economical
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Opportunities – Political
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Opportunities – Social
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Opportunities – Technological
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Costs – Economical
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Costs – Political
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Costs – Technological
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� http://en.wikipedia.org/wiki/Legacy_application


� For this decision, the software provider has a policy to not utilize open source code.  Open source may create issues around intellectual property ownership. 


� This does not include the costs to the customer.  It only includes the costs to the software provider to deliver the training.


� This has been an ongoing problem at this software provider.  This product line is not core and support runs hot and cold.
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