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When can we migrate? A model for Approaching Legacy System Migration

Migration of a legacy application is not purely a technical endeavor; there are organizational and business perspectives to consider as well. Drawing from both current process models and relevant standards for software maintenance, this paper presents a model for the planning of a successful Legacy Systems Migration. The novel feature of the model is the intentional and transparent reassessment of the software migration with stakeholder involvement.

I. INTRODUCTION

It is a known fact that maintenance is a necessary part of any E-type software system [START_REF] Lehman | On understanding laws, evolution and conservation in the large program life cycle[END_REF]. Lehman and Belady have shown that any useful software system that remains in use will undoubtedly become 'more legacy' over time [START_REF] Lehman | Program Evolution: Processes of Software Change[END_REF]. Systems that are in use must be maintained in order to keep from impeding the business that the system is meant to facilitate. Thus the discussion of legacy system migration must necessarily be preceded by a discussion of how maintenance fits into the software lifecycle.

This paper is intended for software engineers and managers who are considering the migration of a legacy system, and would like to navigate around potential migration hazards. The research was done by maintainers of a large monolithic legacy system, who are interested in a successful migration to a Service Oriented Architecture.

II. OPERATION, MAINTENANCE AND MIGRATION

The definitions of terms are in conformance with the International Standard Organization (ISO). In the document on Software life cycle processes (ISO/IEC 12207-2008 ) defines software operation as: supporting customers of the software product during its operation. According to the Standard, the purpose of software maintenance is to provide cost-effective change management for a delivered software product [START_REF]2002 information technology -software life cycle processes[END_REF].

ISO/IEC 14764 [START_REF]Standard 14764 on Software Engineering -Software Maintenance[END_REF] (Software Engineering standard on the Maintenance Life Cycle Processes) posits migration as a departure from the cyclical maintenance activities of categorizing modification requests (MR). The MRs can be classified as either a correction or enhancement (also known as modernization). Each classification also has two types of further categorization: corrections can be either corrective or preventative and enhancements are either adaptive or perfective. According to the standard such distinctions do not need to be made prior to making the modification.

For the context of this paper, maintenance and migration are viewed as two distinct activities which can have the common goal of extending the operational lifespan of a software product. The International Standards Organization (ISO) places migration as one of the outcomes of a software maintenance plan ( Section 6.4.10.2 [START_REF]2002 information technology -software life cycle processes[END_REF]). Modernization is the adaptive (or perfective) enhancement of an existing software product (according to section 3.7-3.8 [START_REF]Standard 14764 on Software Engineering -Software Maintenance[END_REF]).

III. STRUCTURED MIGRATION PROCESS

Four researchers from Utrecht University [START_REF] Khadka | A structured legacy to soa migration process and its evaluation in practice[END_REF] endeavored to define a process which consolidated the planning and execution stages of a legacy system migration. After conducting an orderly examination of the academic literature and analyzing seventeen case studies, they arrived at a holistic six-phase process. The first three phases pertain to legacy migration planning and the last three for the target system implementation and management.

Figure 1 shows that the planning begins with Legacy System Understanding (LSU) and proceeds in a clockwise direction to Target System Understanding (TSU) and Migration Feasibility Determination (MFD). The Implementation phase on the lower half of the graphic begins with Candidate Service Idenitification (CSI) to Implementation (Imp.) and ends with Deployment and Provisioning (D&P). We have concluded that the six phases of the structured process seek to answer four questions; two questions for each part.

In Migration Planning, the questions are: 1) How would we migrate? 2) Is migration feasible? Likewise, in the Implementation and Management phase, there are similar questions:

1) How will we migrate?

2) How will migration be managed? With a clearer sense of all the phases involved in a legacy system migration, the next question would naturally be one of measuring (or achieving) success within such a process. A continued examination of the existing literature would reveal a valuable study that was presented at the ninth joint conference on Computer Science and Engineering: Success Factors Model for migrating legacy systems to a service oriented architecture (SOA) [START_REF] Galinium | Success factors model: Case studies in the migration of legacy systems to service oriented architecture[END_REF].

Building upon the work work Thomas Erl, these researchers define a target system as the conglomeration of sub-systems Fig. 1: Structured Process for the migration of Legacy Systems(source: [START_REF] Khadka | A structured legacy to soa migration process and its evaluation in practice[END_REF]) which are modeled after the functionality of a company's business process [START_REF] Erl | Service-Oriented Architecture (SOA): Concepts, Technology, and Design[END_REF]. The principal premise of the Success Factors Model asserts that a successful legacy to SOA migration is strongly correlated with keeping both technical and business stakeholders involved at all phases: from planning through deployment [START_REF] Galinium | Success factors model: Case studies in the migration of legacy systems to service oriented architecture[END_REF], [START_REF] Cherbakov | Soa antipatterns: the obstacles to the adoption and successful realization of service-oriented architecture[END_REF], [START_REF] Galinium | Factors affecting success in migration of legacy systems to a service-oriented architecture (soa)[END_REF]. They visual representation of the model follows a linear progression from left to right starting with the Legacy System and ending at the goal of an SOA (figure 4). The model shows three routes to get from legacy to SOA: Technical, Business, Technical & Business. The study concluded that those factors which involved participation from both Technical and Business constituents had the strongest correlation with the success of the migration effort. The most significant factors, which were applied and found to be significant in all of the migration efforts studied were:

IV. SUCCESS FACTORS MODEL

1) Potential of the legacy system to be migrated (into SOA) 2) Strategy of migration 3) (SOA) Governance

According to the categorization of this paper, the 'Potential of the legacy system' was the only factor that was 'Technical only', since the scope of the legacy system's potential was limited to the ability to reuse existing components in the application. The remaining two significant success factors require the joint participation of of Business and Technical parties.

V. ANALYSIS

The six-phase migration process, clearly defines the phases in migration planning and execution. Such clear definitions allow legacy migration to be discussed with a more precise vocabulary.

Next, we looked at the success factors in legacy migration efforts to find that continued collaboration between technical and non-technical stakeholders is strongly correlated with a successful migration. A shared vocabulary enables both business and technical stakeholders to have clear communication throughout the migration planning and implementation.

The pinnacle of planning is the MFD phase, since it is the last stage before proceeding from planning to implementation. However, it was noted that eighty two percent of the case study migration efforts skipped the the MFD phase. We propose a model that addresses the challenge of performing the MFD phase within a legacy system migration.

VI. PROPOSED MODEL

Having examined several models for software maintenance and migration we propose a model for the maintenance of legacy systems that both anticipates and works towards a system migration. For the remainder of this paper we will call this model MALSM (Model for Approaching Legacy System Migration). The model began by coalescing the maintenance activities outlined in the IEEE Std 14764-2006 (Section 5.5 [START_REF]Standard 14764 on Software Engineering -Software Maintenance[END_REF]) into the holistic structured migration process [START_REF] Khadka | A structured legacy to soa migration process and its evaluation in practice[END_REF]. Maintenance is correctly depicted as a cyclical process (fig 3). However migration is a clear departure from the cyclical process and we see value in making migration planning (including component prototyping) as part of the maintenance cycle.

In fact, MALSM proposes to incorporate migration planning into the cyclical maintenance activities so that stakeholders can have regular and meaningful communication about the status of a pending migration. Consider the similarities and differences between the MALSM model (fig 4) and the maintenance process model in fig 3.

A. Tools, Methods and Process

The iterative enhancement model [START_REF] Grubb | Software Maintenance: Concepts and Practice[END_REF] is a common framework for approaching software maintenance. Practitioners of this model can consistently deliver small portions of functionality that have been developed in planned iterations. In the MALSM, we suggest the Agile approach to iterative enhancement. The foremost advantage of this approach is the value placed on a shortened feedback loop [START_REF] Highsmith | Agile Project Management -Creating Innovative Products[END_REF] as a communication channel between stakeholders. Within this model, a Scrum Master can help facilitate the collaboration of business and technical stakeholders. Technical managers, business analysts and end users will share a common vocabulary of the structured phases of migration to clearly categorize the outcomes of a unit of work.

A common practice among Agile adherents is the visual tool from the Kahnban method. Although not a strict requirement of the MALSM, it can provide a means to communicate by placing a high value on the transparency of the work being done. The Agile philosophy and the Kahnban method are often paired with the Scrum process and this is a suggestion of the MALSM. Within a Scrum process, a product backlog of 'proposed work items' is constantly being added to, regularly maintained and drawn from at the planning of each work iteration. The items from a prioritized product backlog are the input to the MALSM. Next, the work items are attended to within the context of a software maintenance process. Work items are discussed by all stakeholders present to gather input from both technical and non-technical stakeholders with the shared vocabulary and process understanding provided by the MALSM.

B. Maintain, Modernize or Migrate?

Utilizing a categorization schema that is similar to the categorization of MRs outlined in IEEE Std 14764-2006, the MALSM extends the categorization by proposing to loosen the constraints imposed by the design structure of the existing system and allowing for an expanded Adaptive and Perfective categorizations (section 6.2 [START_REF]Standard 14764 on Software Engineering -Software Maintenance[END_REF]). For example: instead of considering Perfective modifications to the existing legacy system as improvements to extend it's lifespan, perfective modifications could be the trimming of extraneous features that are no longer utilized. In addition, adaptive modifications could be an opportunity to prototype a component of a Target System.

The prototype can serve as a proof of concept, which can later be loosely integrated into the Legacy System and reused in the Target System. These categorizations can be done either before or after the work has been completed.

The categorization serves to provide meaningful semantics for discourse.

At every meeting the software developer gets to hear the voice of the end user, which is the best way to ensure a successful requirements elicitation [START_REF] Wiegers | Software Requirements, Third Edition (Pro-Best Practices)[END_REF]. This can be achieved by regular stakeholder meetings with facilitated intentional conversations around the status of the software project. Allowing the non-technical stakeholders to be engaged at all stages in the maintenance and migration process.

Migration feasibility determination is a crucial point in any migration effort. Rather than simply acknowledge the need to determine feasibility and move on, the proposed model makes the MFD an explicit (and critical) stage in the software maintenance process. It is the deciding factor for the activities to be carried out in the next sprint.

Comparing the activities of the structured migration process to the proposed model, the disproportionate emphasis on migration planning should be evident. This corresponds to the perilous nature of a wholesale software migration effort and the common error of avoiding the MFD phase before leaving the planning activities and moving on to the enticingly green fields of developing a target system (migration implementation). It was noted that the Structured Migration Process was created to address a need for a consolidated model that provided a holistic view of the migration process (from legacy to target system). In developing the model the authors observed that the majority of software migration efforts sampled did not have an activity to explicitly determine the feasibility of the software migration effort before continuing onto implementation.

The negligence of failing to consider migration feasibility was illuminated by examining the factors of successful software migration efforts. Indeed, according to this observational study, there appeared to be a strong correlation between incorporation of technical and non-technical stakeholders in the oversight of an entire migration effort. The partnership between business and technology was determined to be the key to a successful migration.

In order to address the convenient omission of MFD, we sought to create a model that repeatedly visited the MFD phase with a heterogeneous group of stakeholders from both technical and non-technical groups. By having the stakeholders present at sprint planning and review meetings to discuss maintenance activities as a way of piloting a wholesale migration.

VIII. CAVEATS

The MALSM will have limited utility if there is not enthusiastic support from all levels of management. Indeed, unless upper management is aware of the paradigm and middle managers are actively supportive of the plans for understanding both legacy and target systems in order to determine migration feasibility, the migration efforts will likely flounder. A model built on communication between stakeholders cannot work without being communicated.

IX. FUTURE WORK

In order to properly evaluate the utility of the MALSM there would need to be several case studies evaluated to investigate correlation between adherence to the model and the stakeholder satisfaction with the outcome. Considerations for cost estimation and cost savings could be calculated.

It was noted during the development of this model that the ability to estimate efforts expended on migration would be particularly challenging since maintenance efforts are comingled with migration and modernization efforts. This categorical challenge even stymies a post-migration analysis of efforts expended. If this part of the software process could stand to be improved, it must first be measured [START_REF] Humphrey | Managing the Software Process[END_REF]. The challenge lies in what to measure.

Additionally, it may be helpful to have a specifically challenging case study software migration effort follow the MALSM and document the process along the way, noting the particular challenges and benefits of the model to suggest areas for future refinement of the model.

X. CONCLUSION

The two models were analyzed, decomposed and synthesized with the findings of several other research studies (and standards) to develop a revised structured model for migrating legacy systems without abandoning the current maintenance effort. A holistic view of the migration effort which includes both planning and execution brought to light the omission of a critical phase: that of determining migration feasibility based on a solid understanding of both the target and legacy systems. This glaring omission was shown to be of paramount importance when we considered that two of the three top factors which contribute to the success of migration efforts include both technical and non-technical (business) stakeholders. A complete holistic process was developed with the intent to address these two problems: the visiting of migration feasibility determination and the collaboration between technical and business stakeholders in all phases of migration. The collaboration was intended to be intentional throughout the process, but with emphasis during the migration feasibility determination.
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