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ABSTRACT 

Companies in the field of finance have accumulated legacy information systems that require a 

considerable amount of their IT budget in daily operations and maintenance. These systems are 

mission-critical and cannot be disregarded, or easily replaced by modern systems. Such critical 

systems contain embedded business rules and information only available within the system. As 

these legacy systems are kept for several decades, they integrate heterogeneous data with 

different formats and characteristics. Among this crucial data there is information affected by 

legal regulations such as protected customer information or other key business data.  

Adapting the existing system is not always viable because legacy systems are operated in 

conglomerates within mainframes with many potentially hidden dependencies. Furthermore, the 

maintenance of software systems is increasingly costlier as the systems age, so maintenance 

becomes prohibitively expensive. This is also the case with the systems presented in this work, 

as they have lived within the organization for several decades. 

There are some white-box solutions for the migration of mainframe systems; such 

solutions consider the internal structure and algorithms of the systems. Nevertheless, those 

solutions are not systematic and do not provide mechanisms for verifying the preservation of 

the business rules. 

In contrast, this work presents a black-box solution that navigates the existing system and 

extracts the content of the screens shown without analysing the internal components. This 

technique is called Screen Scraping and reduces complexity compared to white-box solutions 

because the internals of the existing system do not have to be analysed in detail. The black-box 

solution allowed the migration of a mainframe system with PL/I and COBOL toward modern 

technologies such as JavaFX and relational databases. The migration includes building a new 

system that emulates the previous system and allows accessing the extracted information. 

The project presented in this document exists within the context of a bigger industrial 

project where the solution successfully migrated four mainframe systems already. The solution 

is applicable for additional mainframe systems that are expected to require migration. 

This work also communicates to researchers and practitioners that Screen Scraping is a 

feasible option for the migration of mainframe systems in large-scale projects, as this Screen 

Scraping based strategy provides a cost and time effective approach. 
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RESUMEN 

Las organizaciones financieras acumulan sistemas de información heredados que requieren de 

una gran cantidad del presupuesto IT en operaciones diarias y mantenimiento. Estos sistemas 

son críticos para la organización y no pueden ser descartados o reemplazados fácilmente por 

otros sistemas más modernos. Tales sistemas críticos contienen reglas de negocio e información 

disponibles solo en el sistema heredado. Estos sistemas integran datos heterogéneos con 

diferentes formatos y características durante sus décadas de vida. Algunos ejemplos son datos 

afectados por legislaciones, información de clientes u otra información clave de negocio. 

Adaptar el sistema existente no siempre es viable, los sistemas son operados en 

conglomerados dentro de mainframes con muchas dependencias ocultas. Además, el coste del 

mantenimiento de los sistemas software aumenta con la edad del sistema, hasta el punto de ser 

prohibitivamente costoso. Este es también el caso del sistema presentado en este trabajo, pues 

es un sistema que ha estado en la organización durante varias décadas. 

Existen soluciones de caja blanca para la migración de sistemas mainframe que consideran 

la estructura interna y los algoritmos de los sistemas. Pero estas soluciones no son sistemáticas. 

Tampoco proporcionan los mecanismos necesarios para verificar la preservación de reglas de 

negocio. Además, la complejidad de las soluciones de caja blanca supone un gran coste. 

En contraste, este trabajo presenta una solución de caja negra: navega el sistema heredado 

extrayendo la información de las pantallas mostradas sin analizar los componentes internos. 

Esta técnica es conocida como Screen Scraping y reduce la complejidad comparada con 

soluciones de caja blanca porque no necesita analizar el interior del sistema. Esta solución de 

caja negra permitió la migración de un sistema mainframe (PL/I y COBOL) hacia tecnologías 

modernas (JavaFX y bases de datos relacionales). Esta migración incluye la construcción de un 

nuevo sistema que emula al anterior y permite acceder a la información extraída. 

El proyecto presentado en este documento está en el contexto de un proyecto industrial 

más grande donde la solución migró exitosamente cuatro sistemas mainframe. La solución es 

aplicable a sistemas adicionales para los que se espera que la migración sea necesaria. 

Este trabajo también comunica a investigadores y profesionales que Screen Scraping es 

una opción viable para la migración de sistemas mainframe en proyectos a gran escala. Esta 

estrategia de Screen Scraping proporciona un enfoque efectivo y eficiente en tiempo y coste.
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1. INTRODUCTION 

Organizations have incorporated automatic information systems in their business during the last 

decades. Those systems give support to critical business logic and core business processes. 

With such a crucial role in the organization, the same Legacy Information Systems (LIS) stay in 

organizations for many decades, progressively incorporating business logic. That is several 

times more than the mean number of years that employees stay in the organization, which was 

reported to be slightly above four years (United States Department of Labor, 2016). This 

difference of years might explain why LIS are usually not understood by the members of the 

organizations (Bakar and Razali, 2013).  

Given their age, LIS depend on technologies that are usually obsolete incurring high 

maintenance and operation costs. Those extra costs are present every day in the organization 

and hinder adaptations or improvements that could bring competitive advantage. The 

overburden of LIS also complicates possible adaptations in changing environments, which 

could harm the competitiveness of the organization.  

Keeping the LIS reduces the flexibility of the organizations. Scaling because of growing or 

changing demands of the business gets increasingly difficult as the systems age (Qureshi et al., 

2017). Apart from that, business processes are in constant evolution and technological 

infrastructures with outdated technologies cannot keep up (Ullah and Lai, 2013).  

When an organization is ready to invest on replacing a LIS, the organization has to 

consider that the new system might not include the same functionality of the replaced system 

(Sommerville, 2008a). Another thing to consider is that building a new system based on another 

is riskier and usually more expensive than building from scratch (Sneed, 2010). Other common 

obstacle in the replacement of LIS is the lack of understanding of the system and impossible to 

find or unusable documentation (Lauder and Kent, 2000). 

In the replacement of LIS, the human users also play an important role. There are 

additional costs derived from the necessary training and adaptation for the new system. In 

addition, the replacement could face user opposition (Rotman, 2013; Mathule and Kalema, 

2016). Some other times, the people with the knowledge of the LIS already left the organization. 

The aforementioned risks are especially critical in fields such as finance or insurance; 

fields where LIS are broadly present. In those cases, the LIS that initially provided significant 

advantage becomes a burden because updating the technological architecture requires additional 
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effort with existing LIS. Those risks increase as the LIS stays more time in the organization. 

For that reason, active action on the LIS should take place before it is too late.  

There are several approaches to reduce the risks associated to keeping LIS in an 

organization. These approaches can be categorized as maintenance, modernization or 

replacement depending on the volume of change. Section 3.2 provides more details about those 

approaches. 

This end of master’s degree project performs the replacement of the LIS that manages the 

loans of an insurance company. The replacement applies the Screen Scraping technique to 

extract the information shown by the screens of the LIS. The information is then stored in a 

database used by a new system developed in this same project. As a result, the new system has 

a new architecture using current technologies in contrast with the outdated infrastructure of the 

LIS. The new system allows the retirement of the LIS, providing all relevant functionality that 

allows management of loans in the insurance company. The retirement of the LIS provides 

large savings to the insurance company in operations and maintenance. 

 Context and motivation 

This TFM is contained in HistAuskunft, a commercial project conducted by itestra GmbH for a 

customer in the insurance field. This section begins providing an overview of HistAuskunft, its 

motivation and how the TFM fits within the project. The section continues discussing the 

alternative solutions proposed for the goal in HistAuskunft to justify the approach followed. 

This section ends with a high-level architecture of HistAuskunft to better understand the 

components used in the extraction of content from the LIS. 

 HistAuskunft 

HistAuskunft or Historische Auskunft is a commercial project for an insurance company, 

customer of itestra GmbH. The name of the project means historical information in German. 

The motivation for the replacement in HistAuskunft is strongly based on the current operating 

costs and heterogeneity of the architecture and the systems around the LIS.  

Legal aspects concerning information systems further motivate replacing the LIS instead of 

only retiring the system. This document presents an overview of the legal implications of the 

project in Appendix B: German regulation affecting this project. The project is also benefited 

by the implication of the management from the customer and itestra GmbH. 
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HistAuskunft began in 2014, presenting the proof of concept in 2015. The main goal is to 

replace several LIS built for z/OS (IBM, 2011) and an IMS hierarchical database (IBM, 2017d). 

The replacement is a new system with current technologies using JavaFX (Oracle, 2016a) and a 

relational database, IBM Db2 (IBM, 2016a). The customer also requests the recovery of the 

data from the mainframe. This process is not a simple migration as there are several challenges: 

 The hierarchical database contains encoded data that cannot be migrated one to one. The 

EBCDIC 273 encoding of the data requires specific processing to obtain character 

encodings compatible with current technologies. EBCDIC 273 is a character encoding 

for Germany and Austria dated from 1986 (IBM, 2016b). 

 There were many technological limitations when the legacy hierarchical data structure 

was designed and developed. These limitations lead to many restrictions and a complex 

system. 

 Design aspects such as primary or foreign keys are not evident. Concepts from relational 

databases were not considered in the initial design of the hierarchical database as the 

paradigms were different in that time. 

 The size and numerous maintenance tasks on the database have increased the 

complexity during several decades of life. 

This project presents the replacement of a LIS in two steps. The first step covers the 

extraction of content from the LIS. The second step involves building the new system with the 

content from the LIS. The end result is a new system to replace the LIS. The retirement of the 

LIS is the final step after the replacement. This retirement brings substantial savings on 

maintenance and operational costs to the organization. 

The first step included the study and analysis of alternatives. The decision was to rewrite a 

new system because many parts of the source code were unavailable and the new system would 

not have exactly the same functionality. Other solutions considered were converting the 

existing code or wrapping the LIS. 

The extraction of content from the LIS is possible after analyzing the existing system and 

the current needs of the organization. This extraction is implemented with a screen scraper that 

connects to the interface of the LIS, parses the screens and stores the relevant information in a 

database. The new system recreates the interface of the LIS and connects to the database to 

show the content emulating the LIS. The migration process follows an iterative approach.  
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This approach also involved the intended integration of the new system with other systems 

in the organization using current technologies such as IBM WebSphere and IBM Db2. 

Most importantly, the project team and the users shared their findings and knowledge 

working together in the design, development and testing of the new system. This helped build 

trust and helped the project team learn about the system from the users. This communication 

also benefited the final step; training the end users in the use of the new system and writing the 

user documentation for future reference. 

Figure 1.1 represents the context of this TFM within the HistAuskunft project. The TFM 

comprehends the specific case of the Loan / Darlehen system in the LIS. This TFM covers the 

recovery of the information in that system, building a new Loan / Darlehen system that uses the 

information recovered and the integration with the other systems recovered from the LIS.  

 

Figure 1.1: Context for this TFM 

Figure 1.2 represents the process performed for the migration of each system from the LIS 

to the new system. In this figure, the information shown by the IBM 3270 terminal is accessed 
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by the ContentExtractor in an extraction process. Afterwards, the ContentExtractor stores that 

information in a database with current technologies to allow the recreation of information by 

the HistViewer. After the migration, the users access the business information through the 

HistViewer, replacing the IBM 3270 terminal and the LIS. 

Figure 1.2 also provides an overview of the technologies used in the LIS and the new 

system. In the Lis, the user interacts with an IBM 3270 terminal that accesses the operations 

from the z/OS mainframe and the information from an IMS hierarchical database. In contrast, 

the new system provides the user with a JavaFX front-end instead, the front-end accesses the 

operations from a Java server with Spring integrated with WebSphere Liberty. The information 

is accesses from a relational SQL Db2 database. 

 

Figure 1.2: HistAuskunft overview 

The different systems in the LIS have their own data structure and representation of the 

information. As this TFM has the focus on the Darlehen system, Figure 1.3 shows a preview of 

the data structure from the information contained in the different fields of the system. In 

Darlehen, the different contracts contain several dialogs for which there are different years and 

then pages for each year. Each page has different values for the fields. 

DB2 - HistViewer 

IMS 

Recreation Mainframe 
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Content 

Extractor Persistence Extraction 
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Figure 1.3: Data structure in the LIS for the Darlehen system 

 Alternative solutions considered in HistAuskunft 

The recovery of historical data in the LIS after retirement considered alternative solutions to the 

one presented in this work. These solutions were discussed with the customer considering the 

technical point of view and a cost-benefit analysis. The following list presents the most relevant 

solutions identified during the solution design by itestra GmbH: 

 Keep the LIS and the mainframe: this solution implies no additional effort as it is the 

current status. Nevertheless, keeping the LIS was discarded because of the increasingly 

high infrastructure and operational costs. 

 Use the LIS in a virtual machine: only allows retirement of the obsolete hardware. The 

costs related to the software license, the obsolescence of the LIS regarding integration 

with newer systems and the inefficient operations remain. 

 Reimplementation of the LIS to new hardware: this solution allows replacing the 

hardware solving part of the problem. Still, the solution shares disadvantages with the 

virtualization of the LIS such as software license, operation and maintenance costs. On 

top of that, the system would require possibly expensive special components for a 

replica of the legacy infrastructure (IMS/DLI). In addition, this high-risk solution 

requires a very high investment for implementation and tests. 

 Migrate the data to a new system: data migrations are very expensive. Particularly when 

the contents require modifications and the data is very heterogeneous. This is very often 

the case with mainframe-based LIS. The business logic and calculations of the LIS still 

need to be recovered, which is the main source of risk and cost. 

 Transfer the content of the LIS to a neutral format like RBDMS or XML allowing 

manual search: this solution assumes complete understanding of the legacy data and also 

requires data migration. Furthermore, the users cannot navigate the system as they are 

used to, requiring training in how to read the information contained in the system. The 

Darlehen 

System N 

Leben Contract C1 

Contract CN 
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business logic for the calculations of the original application is another limitation of this 

approach. 

 Static storage of all possibilities for information output: this solution implies storing all 

relevant dialogs containing business information as images or text files. As advantage, 

the calculation logic of the application is no longer required. As disadvantage, there is a 

large amount of data to store and the connection between dialogs would be lost. This 

leaves navigation through the system unclear for the users. This solution would require 

additional tool support for each application contained in the LIS. 

In contrast with these solutions, the selected solution provides several benefits. Mainly, it 

is a software-based approach with optimum logic preservation with a focus on a manageable 

cost and time. Other benefits are the preservation of all screens with the same information that 

they contain in the original system. Reduced storage needed as the selected solution provides a 

template and only stores what is different for each screen.  

Additional rationale for the selected solution is avoiding extensive user training, as the new 

system has a user interface identical to the LIS. The core data is transformed into a relational 

schema. With this focus, the system can be easily migrated to other systems in the future if 

needed. As for the implementation and testing, not re-implementing the business logic 

minimizes effort for implementation and testing. The business logic does not need to be fully 

understood, which also reduces analysis effort. 

As main advantage compared to the discarded solutions, the selected solution provides a 

generic approach. Such approach can effectively replace other LIS reusing many mechanisms 

and components.  

 High-level architecture in HistAuskunft  

Figure 1.4 shows an overview of the base architecture highlighting the most relevant elements. 

In the figure, the mainframe contains the system to be replaced. That LIS was built using PL/I, 

COBOL and IMS technologies. A user navigates the different dialogs contained in the LIS. 

Each dialog has its own template or way to present data to the user. 

Each instance of a given dialog has different dialog content and behaviour depending on 

the insurance contracts stored in the LIS. The LIS contains different business objects. These 

business objects are entities formed by different attributes shown in different places of the LIS. 

The ContentExtractor is a new tool whose purpose is to extract the dialog templates, dialog 
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content and behaviour and the relevant business objects that need to be extracted from the LIS. 

The ContentExtractor then stores everything in a relational database to be used by the 

ScreenViewer.  

The ContentExtractor is divided into four main submodules: screen navigation engine, 

mainframe connector, screen field extractor and screen persistence agent. 

The ScreenViewer is the replacement of the LIS. The users interact with the ScreenViewer 

as they would with the LIS. The ScreenViewer connects to the database that contains the 

information extracted from the LIS by the ContentExtractor. 

The extraction of any system from the mainframe requires the adaptation of this 

architecture. The architecture also supports the visualization of the information in a new system 

by the user. 
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Figure 1.4: Means available for the extraction of content  

 Acquired competences 

This section identifies the specific competences acquired during the project. The justification of 

the acquisition comes after each competence highlighted in this section. 

 Capacidad para la integración de tecnologías, aplicaciones, servicios y sistemas 

propios de la Ingeniería Informática, con carácter generalista, y en contextos más 

amplios y multidisciplinares.  

This project builds an application that provides a service within a bigger system. The 

project uses the available technology to integrate the new system within existing applications in 

the software architecture of the customer. 
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The context is notably multidisciplinary as the project gives support to an insurance 

business and the project team has people with different professional and cultural backgrounds.  

 Capacidad para modelar, diseñar, definir la arquitectura, implantar, gestionar, 

operar, administrar y mantener aplicaciones, redes, sistemas, servicios y contenidos 

informáticos. 

The first stage of this project is modelling the structure of the LIS. The purpose is 

identifying the architecture and the services that the system provides to the business of the 

organization. The following stage covers the design and definition of the extraction strategy that 

allows obtaining all the relevant data from the LIS. 

The project also covers modelling and designing the new system including the database 

administration. Another key aspect of the project is identifying and managing the 

communication between this system and other existing systems. 

 Capacidad para analizar las necesidades de información que se plantean en un 

entorno y llevar a cabo en todas sus etapas el proceso de construcción de un sistema de 

información. 

The environment and the business needs have changed during the life of the LIS. This 

replacement is a chance to adapt the functionality of the system adding new features or omitting 

others. The development of the new information system has to consider the current needs of the 

customer. 

For example, there are dialogs and commands shown in the LIS that should not be in the 

new system. On the other hand, the new system can take advantage of new mechanisms to 

allow or deny access to the information. 

 Capacidad para conceptualizar, diseñar, desarrollar y evaluar la interacción 

persona-ordenador de productos, sistemas, aplicaciones y servicios informáticos. 

The new system requires an interface that allows easy interaction with the system. The 

interface of the new system is based on the LIS, but there are inevitable differences. Those 

differences need to be treated and managed in a natural way for the users.  

There are design and development decisions about the changes in the new system. Those 

decisions have to converge with the experience and results from the user tests for the Darlehen 

system. The end system must comply with legal regulations too. The most relevant legal aspects 

that affect this project are explained in Appendix B: German regulation affecting this project. 
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 Document structure 

This document contains seven chapters and two appendices. The following paragraphs give a 

brief overview of the content from each chapter or appendix. 

Chapter 2: Goals 

This chapter presents the main goal of the project and the specific goals that support the 

main goal. The chapter also covers the academic goals related to the academic side of this 

project. 

Chapter 3: Background and state of the art 

Chapter 3 covers the current state of the replacement of software systems and the applied 

techniques. The topic is introduced with the role of LIS in the companies. The chapter also 

presents related work with finished projects that are similar to the one presented in this 

document. 

Chapter 4: Work method and technological environment 

This chapter describes and justifies the work method and the tools used in this project. The 

chapter also includes the project planning. 

Chapter 5: Results 

With the knowledge from the precedents and the application of the methodology and tools, 

this chapter shows the obtained results. The chapter is divided by iterations showing the results 

of each task. The chapter concludes highlighting the most relevant challenges found during the 

project. 

Chapter 6: Conclusions and proposals 

Chapter six begins justifying the achievement of the specific goals and the main goal. The 

chapter goes on with conclusions about the project, future work and includes personal opinions 

about the project. 

Chapter 7: References 

The chapter contains the sources studied during the project and referenced in the previous 

chapters. 

Appendix A 

The appendix shows a simplified version of the user manual for the new system. This 
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appendix gives an overview of the functionality of the new system. 

Appendix B  

Appendix B provides the legal context of the project with an overview of the most relevant 

sections regarding data protection in Germany.  
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2. GOALS 

This chapter presents the main goal and the specific goals in which the main goal is divided. 

The specific goals are accompanied by a short description and the business value for the 

customer. This chapter finishes highlighting the relevant academic goals, as this project is also 

in the context of a master’s degree. 

 Main goal 

The main goal of this project is to define and implement a systematic technique to extract 

screen information from a legacy mainframe system and recreate the screens and their 

information with modern technologies in a new system. 

 Specific goals  

The specific goals are independent divisions of the main goal. Table 2.1 presents an overview 

of the specific goals that satisfy the main goal. The section continues with the explanation of 

each specific goal highlighting the business value for the customer. 

SG1 
To identify and document the relevant functionality and screen navigation in the 

legacy information system. 

SG2 
To parse a single screen and persist the retrieved information for a set of contracts in 

the mainframe system. 

SG3 
To design and implement a systematic navigation strategy to apply the single screen 

scraping to the whole set of mainframe screens. 

SG4 
To recreate the extracted screens by implementing a new system with the look and feel 

of the legacy mainframe system including the relevant commands and interaction. 

SG5 To validate the new system allowing the retirement of the legacy information system. 

Table 2.1: Specific goals overview 

SG1 To identify and document the relevant functionality and screen navigation in the 

legacy information system. 

One common issue in LIS is lost or non-existing documentation. This specific goal intends 

to recover as much relevant documentation from the LIS as possible. The purpose is to provide 

the customer with more knowledge about their own system. This knowledge will benefit greatly 
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the following software replacement process. 

SG2 To parse a single screen and persist the retrieved information for a set of contracts 

in the legacy information system. 

This specific goal provides a proof of concept and the architecture necessary for including 

additional screens. That architecture provides the base for the next specific goals. Proving that 

the LIS can be navigated and parsed to extract the information builds trust and lays the 

foundations for extracting additional screens. 

SG3 To design and implement a systematic navigation strategy to apply the single 

screen scraping to the whole set of mainframe screens. 

This specific goal starts with designing an efficient and systematic navigation strategy for 

the extraction. The strategy covers the extraction of the content from the LIS and the storage of 

that information in a database with current technologies. Achieving this specific goal provides 

the customer with all the content from the LIS enabling the retirement of the LIS. The 

information from the LIS would be available for future queries or use from other systems. 

SG4 To recreate the extracted screens by implementing a new system with the look and 

feel of the legacy information system including the relevant commands and 

interaction. 

The extracted information from the LIS must be available for the customer. This specific 

goal provides the new information system, populated with the extracted information from the 

LIS. It is very important that the look and feel of the new system and the command interactions 

of the new system are identical to the LIS. The desired benefit is to reduce learning and 

adaptation costs for the current users. 

SG5 To validate the new system allowing the retirement of the legacy information 

system. 

This specific goal covers validating that the new system provides everything relevant from 

the LIS. This is because the retirement of the LIS is definitive. Recovering the LIS after the 

retirement would have an unmanageable cost. 

 Academic goals 

The complementary academic background of this project involves certain academic goals. The 

reason is that the knowledge acquired is a relevant result from this project. The following list 



 
 

2 Goals 

15 

 

enumerates the most relevant academic goals. 

AG1 To train teamwork capabilities working with international and multidisciplinary 

teams. 

AG2 To interact with a customer in a real project that satisfies their business needs. 

AG3 To learn and use methods from an industrial environment. 

AG4 To collaborate in ongoing sizeable projects with several contributors. 

AG5 To learn and improve communication skills including technical expressions and 

vocabulary in the professional environment using Spanish, English and German. 

AG6 To learn how to do research in technical domain fields and learn how to write 

academic documents. 

AG7 To apply deontology and professional ethics solving real problems from a 

customer. 

AG8 To train the ability to discuss and justify decisions and opinions. 
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2. OBJETIVOS 

Este capítulo presenta el objetivo principal y los objetivos específicos para satisfacer el objetivo 

principal. Cada objetivo específico está acompañado de una breve descripción y del valor de 

negocio aportado para el cliente. El capítulo termina resaltando los objetivos académicos 

relevantes, pues además de industrial, este proyecto también se encuentra en el contexto de un 

máster universitario. 

 Objetivo principal 

El objetivo principal de este proyecto es definir e implementar una técnica sistemática para 

extraer información mostrada en las pantallas de un sistema mainframe heredado y recrear las 

pantallas y su información en un nuevo sistema con tecnologías actuales. 

 Objetivos específicos 

Los objetivos específicos son divisiones independientes del objetivo principal. La Tabla 2.1 

presenta los objetivos específicos que satisfacen al objetivo principal. Esta sección continúa 

explicando cada objetivo específico uno a uno resaltando el valor de negocio para el cliente. 

SG1 
Identificar y documentar la funcionalidad relevante y la navegación en pantallas del 

sistema de información heredado. 

SG2 
Procesar una pantalla y persistir la información obtenida para un conjunto de contratos 

del sistema de información heredado. 

SG3 
Diseñar e implementar una estrategia de navegación sistemática para procesar y 

persistir todas las pantallas del conjunto completo de contratos. 

SG4 

Recrear las pantallas extraídas implementando un nuevo sistema con el aspecto y 

comportamiento del sistema de información heredado incluyendo los comandos e 

interacción relevantes. 

SG5 Validar el nuevo sistema y permitir la retirada del sistema de información heredado. 

Tabla 2.1: Objetivos específicos 

SG1 Identificar y documentar la funcionalidad relevante y la navegación en pantallas 

del sistema de información heredado. 

Un problema común en sistemas de información heredados o SIH es la documentación 
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perdida o no existente. Este objetivo específico persigue recuperar tanta información relevante 

del SIH como sea posible. La motivación es proporcionar al cliente más conocimiento sobre su 

SIH. Este conocimiento beneficia enormemente al proceso de reemplazo de software. 

SG2 Procesar una pantalla y persistir la información obtenida para un conjunto de 

contratos del sistema de información heredado. 

Este objetivo específico proporciona una prueba de concepto y la arquitectura necesaria 

para incluir pantallas adicionales. La arquitectura proporciona la base para los siguientes 

objetivos específicos. La satisfacción de este objetivo demuestra que el SIH puede ser navegado 

para extraer su información. Esta demostración construye confianza con el cliente y prepara el 

terreno para extracciones adicionales. 

SG3 Diseñar e implementar una estrategia de navegación sistemática para procesar y 

persistir todas las pantallas del conjunto completo de contratos. 

Este objetivo específico comienza con el diseño de una estrategia de navegación eficiente y 

sistemática para la extracción. La estrategia cubre la extracción de contenido del SIH y el 

almacenamiento de esa información en una base de datos con tecnologías actuales. Satisfacer 

este objetivo específico proporciona al cliente todo el contenido del SIH, permitiendo la retirada 

del SIH. La información recuperada del SIH quedaría disponible para futuras consultas o uso 

desde otros sistemas. 

SG4 Recrear las pantallas extraídas implementando un nuevo sistema con el aspecto y 

comportamiento del sistema de información heredado incluyendo la interacción y los 

comandos relevantes. 

La información extraída del SIH debe ser accesible para el cliente. Este objetivo específico 

proporciona un nuevo sistema de información poblado con la información extraída del SIH. Es 

muy importante que el aspecto y comportamiento del nuevo sistema sea idéntico al del SIH. 

Esto reduce el coste de entrenamiento y adaptación para los usuarios actuales. 

SG5 Validar el nuevo sistema y permitir la retirada del sistema de información 

heredado. 

Este objetivo específico cubre la validación de que el nuevo sistema proporciona todos los 

elementos relevantes del SIH. Esto es porque la retirada del SIH es definitiva. Recuperar el SIH 

después de su retirada tendría un coste no gestionable. 
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 Objetivos académicos 

Este proyecto tiene también un fondo académico por lo que el proyecto incluye ciertos 

objetivos académicos. El conocimiento adquirido tras la realización del proyecto es un 

resultado relevante adicional. La siguiente lista enumera los objetivos académicos más 

relevantes. 

AG1 Entrenar competencias de trabajo en equipos internacionales y multidisciplinarios. 

AG2 Interactuar con un cliente en un proyecto real que satisface sus necesidades de 

negocio. 

AG3 Aprender y utilizar métodos de un entorno industrial. 

AG4 Colaborar en proyectos en curso con varios contribuidores. 

AG5 Entrenar habilidades comunicativas incluyendo expresiones técnicas y vocabulario 

en un entorno profesional utilizando inglés, español y alemán. 

AG6 Aprender a obtener información en dominios técnicos y aprender a escribir 

documentos académicos. 

AG7 Aplicar deontología y ética profesional al resolver problemas reales de un cliente. 

AG8 Entrenar la habilidad de debatir y justificar decisiones y opiniones. 
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3. BACKGROUND AND STATE OF THE ART 

This project, HistAuskunft, tackles the replacement of a legacy information system or LIS. For 

that reason, this chapter begins with an introduction to LIS, mainframes and the role of LIS in 

the enterprise. This chapter continues with software replacement including its motivation and 

the costs and risks involved. 

The chapter goes on with the most common techniques used in software replacement 

including a comparison between black box and white box modernization and an introduction to 

Screen Scraping. The chapter ends with the study of the related work. 

 Legacy information systems 

A legacy information system or LIS is “any information system that significantly resists 

modification and evolution” (Brodie and Stonebraker, 1995). Other authors define LIS as 

systems that are forty years old (Bennett, 1995). It is relevant to contrast this definition with a 

more current one that defines LIS as those systems older than ten years old (Bakar and Razali, 

2013). This might be related to how technology is growing faster every year. For this reason, 

LIS is a topic that will not fade in the future. In fact, systems require fewer years to be 

considered legacy than in the past. 

LIS contain legacy software written in the past with outdated techniques. Even if that leads 

to the organization not knowing how to handle the system or what to do with it, LIS are vital to 

the organization (Bennett, 1995). This legacy software is increasingly brittle and many modules 

are very difficult to update or replace without causing additional problems (McAllister, 2011). 

During the lifetime of LIS, these systems grow larger and their complexity increases. 

Despite this, LIS are often undocumented and sometimes do not serve their intended purpose 

completely (Weiderman et al., 1997). As any other system, LIS are affected by the changes in 

their environment (Lehman, 1980; Weiderman et al., 1997). According to Ian Sommerville, LIS 

contain six different parts (Sommerville, 2008b): 

 System hardware. The kind of hardware used in LIS is usually expensive to maintain, 

does not meet the desired availability and is probably not compatible with current 

purchasing policies in the organization. 

 Support software. The LIS might depend on certain operating system, utilities or 

compilers. This software is very probably obsolete and out of support by the original 
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providers. As an example, Windows Vista reached its end of extended support in 2017 

(Microsoft, 2017). So, any system dependent on Windows Vista is now affected by the 

end of support of the operating system. 

 Application software. This software supports the business services. This software is often 

the combination of separate programs developed at different times. The application 

software uses the support software and the application data. The application software 

includes the knowledge from the business policies and rules. 

 Application data. Data processed by the application system including the business 

objects. LIS accumulate considerable amounts of data during their long lifetimes. The 

data is usually inconsistent and duplicated (Bollig and Xiao, 1998; Sommerville, 2008b).  

 Business processes. These processes allow achieving business objectives. For example, 

in an insurance company, issuing insurance policies is a business process. Sometimes 

business processes are designed around LIS. This could be detrimental and constrains the 

functionality that the business process could provide. The business processes should be 

defined by the business policies and rules, instead of being limited by the LIS. 

 Business policies and rules. Definitions and constraints of how to carry the business. The 

use of the LIS could be included in the business policies and rules. 

 Mainframes 

Mainframes are computers for enterprises and their main feature is storing high volumes of data 

at a high transmission rate (Seay et al., 2015). Mainframes also shone because of their high 

reliability and fault tolerance (Fujiwara et al., 2016).  

The characteristics that made, and still make, mainframes a crucial element in many 

enterprise systems are reliability, security, transaction processing, concurrency support and 

suitability for commercial data processing (Geet and Demeyer, 2010). 

Mainframes excel in the processing of large volumes of data from high-speed storage to 

produce valuable output (IBM, 2017a). For these characteristics, mainframes are most common 

in finance, banking, insurance, health care, government and public agencies (Ebbers et al., 

2006). Some uses of mainframes in those fields are large end-of-quarter processing and batch 

processing for reports (IBM, 2017a). 

Mainframes date from the 1950s, when they were very large in size and the only existing 

computers. Their cost was also very high and only a few businesses could afford them. Thus, 
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mainframes were sold as business machines (Ebbers et al., 2006). Nowadays, even if 

mainframes are perceived as a thing of the past or obsolete, the mainframe is still the most 

common technology used by companies to handle data. By 2015, 71% of organizations in 

Fortune 500 store 70% of their data on mainframes (Seay et al., 2015). Some relevant 

mainframe manufacturers were Ahmdal Corporation, Burroughs, Sperry and Honeywell. 

Nowadays the main manufacturer of mainframes is IBM (Seay et al., 2015).  

Mainframes were not meant to be interacted with directly like a modern personal 

computer. The users interact with the mainframe via terminals or information display systems. 

Figure 3.1 shows the architecture of the user interaction with the mainframe and the data via 

information display systems (IDS). As IDS are no longer manufactured, they have to be 

emulated with regular PCs using specific software. Itestra GmbH’s customer uses the IBM 

3270 IDS and section 3.1.2 provides further details about IDS. 

 

Figure 3.1: User interaction with the mainframe and the data via terminal emulator from PC 

 Information Display Systems, IBM 3270 terminals 

The IBM 3270 was first released in 1971 as an IDS (IBM, 2003). The IDS provides the users 

with an interface to send commands and receive information from the mainframes.  

These terminals were not used to perform calculations or business logic. Their main 

purpose was connecting and interacting with the mainframes. The mainframes take input from 

the terminals, process the data and then send the output to the terminals. 

IBM 3270 terminals are no longer manufactured. But they are still very far from becoming 

extinct. Many businesses use them to access their still-present mainframes. There are many 

IBM Z System and platforms currently in use that communicate with these 3270 terminals via 
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the tn3270 communications protocol. Emulating these terminals is still a current topic, for 

example, there are terminal emulators for iOS devices (C. Buccianti, 2011). Figure 3.1 shows 

the interaction with a mainframe from regular PCs using software that emulates the IDS to 

connect with a mainframe. 

The screen size of the IBM 3270 differed depending on the model. The first models 

released could show 12 rows and 80 columns of characters. The next model used 24 rows and 

80 columns, which got to be the standard (IBM, 2013). There are more formats different to the 

standard, itestra GmbH’s customer in particular uses 32 rows and 80 columns. HistViewer will 

emulate that format used in the LIS to replace. 

 Legacy information systems in the enterprise 

LIS are a challenge for many enterprises, especially for those enterprises that began 

incorporating information systems decades ago. Many successful organizations are reported to 

include information technology in their business in the fifties (Liu and Sharp, 1994). These 

enterprises now face integration issues with modern systems for their current needs, high 

maintenance costs (Bennett, 1995) and difficulty finding staff with knowledge about legacy 

technologies (Salvatierra et al., 2013). Information technology offered these organizations a 

huge advantage in business over organizations that did not include information systems (Liu 

and Sharp, 1994).  

The systems that provided a huge advantage in the past, became a disadvantage as they 

transformed in functionally inadequate systems (Liu and Sharp, 1994). The overhead of 

organizations with decades of experience and large numbers of available resources is a 

disadvantage. Information processing is more difficult as organizations accumulate information 

and lack of structure during the years (Fisun et al., 2017). 

Organizations have changed as the years went by while keeping their old systems. The 

changes in the staff across the years sometimes mean that the new people in the enterprise no 

longer knows how the LIS fits with the rest of the organization, especially if the LIS didn’t 

evolve with the company hand to hand. There is a huge risk in replacing a system without 

knowing its purpose and dependencies as oftentimes business processes are built around 

existing LIS and their constraints (Sommerville, 2008b). 

Despite the risks, information systems are in constant evolution. New customer needs and 

demand for more functionality has been rising for decades. New types of software systems 
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constantly enter the market (Weske, 2012). 

The evolution of enterprise information systems had several milestones worth noting. 

Examples are the appearance of databases, the integration of different applications using 

middleware, enterprise resource systems (ERP) and service oriented architectures (Weske, 

2012). These improvements manage to solve deficiencies such as redundant data or lack of 

functionality. Organizations incorporate these improvements by adapting or replacing the 

existing systems. 

If the LIS is to be replaced, the creation of the new system requires knowledge of all the 

services that the new system should offer. An incorrect replacement can damage many business 

processes, sometimes inadvertently in the short term. 

Detecting the need of a system retirement or replacement does not only need understanding 

of that system. To know if a system needs to be retired or replaced, the enterprise needs to 

know how it interacts with the rest of the enterprise elements. Evaluating the relationship of the 

system to replace with everything else in the enterprise will help with the decision of whether to 

replace or not and the impact of each scenario. For this reason, a global view of the enterprise 

architecture is the only way to detect the need of a system replacement. Even in those cases, 

evaluating the health of existing LIS is very difficult and requires careful analysis of different 

experts that might even disagree in their diagnosis (Weiderman et al., 1997).  

LIS make innovation and flexibility more difficult in large companies and public agencies 

(Alexandrova, 2012). These LIS are a central piece in the business due to their longevity, scale 

and importance in processes. For that reason, sometimes new business processes are less 

efficient because they have to be built around those LIS and their limitations (Lloyd et al., 

1999; Sommerville, 2008b).  

The dependencies with those critical LIS make companies less competitive (Lloyd et al., 

1999). Some business processes may get locked and can’t be adapted to new situations, while 

the business deals with the increasing risks and maintenance costs of an aging system. 

Maintaining competitiveness can be difficult with IT that combines new and old technology 

(Liu and Sharp, 1994). 

Enterprise resource planning systems are a good example for LIS that are still in use. 

Currently ERPs are reported to be more likely legacy than not (Mulcahy and Huang, 2017). 

Considering these legacy ERPs were adapted to the needs of the business and require further 

modifications to adapt to the changing business and environment, maintaining their business 
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value can be a challenge (Mulcahy and Huang, 2017). 

The IT industry tries to constantly improve the quality of its software tools. Regardless, 

some systems still include seemingly outdated tools for the most critical applications. Tools like 

operating systems from the 70s and the 80s are still in use in many banks or insurance 

companies. 

The organization also has to consider maintenance costs for LIS, because that is budget 

that cannot be allocated in other areas. Software maintenance costs rise and rise. These costs are 

now estimated to be close to 90% of the total software life cost (Dehaghani and Hajrahimi, 

2013). These LIS are an impediment in increasing competitive advantage. In some cases, up to 

80% of the software budget in an organization is assigned to maintaining LIS (Olsem, 1998). 

Most of the times, organizations are trapped by those LIS. The huge investment and the core 

business functionality of LIS make them very hard to replace or isolate, as they affect many 

business processes from the core of the organization (Wallnau et al., 1997).  

In many cases, the software is critical for the enterprise mission, but still, the maintenance 

is impossible because of the documentation, structure or performance of the system. In that 

situation, the solution can be uncertain and there is little quantitative data that would justify 

deciding whether to maintain or replace the system (Weiderman et al., 1997). 

 Maintenance, modernization and replacement 

This section presents the differences between maintenance, modernization and replacement. 

Generally, maintenance, modernization and replacement are different approaches that allow 

transforming and adapting an existing system to changing business needs.  

The main difference between these three approaches is the scope. Replacement implies 

more drastic changes than modernization which also implies more drastic changes than 

maintenance. 

Maintenance is a part of the life cycle in software development (ISO, 2006). Maintenance 

is iterative and incremental, implying changes in the system. Maintenance allows the evolution 

of a system. Maintenance costs are more expensive as the systems age. Expertise in outdated 

technologies always gets more difficult and expensive. Every maintenance task erodes 

conceptual integrity, as there are little efforts and investment in reducing the ever growing code 

base of the systems (Comella-Dorda et al., 2000). 

Maintenance is easily affected by time or budget constraints. In those cases, inadequate 
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maintenance can deteriorate the system’s health (Weiderman et al., 1997). Particularly with 

LIS, maintenance is especially difficult as these systems are often too deteriorated to withstand 

major structural changes (McAllister, 2011). Small changes might be possible, but adapting to 

new requirements that imply major change or completely different operating environments is 

often out of question. 

Modernization implies bigger changes than maintenance, but still keeps many parts of the 

existing system (Comella-Dorda et al., 2000). Modernization also refers to changes in the 

structure or functional improvements. Modernization is a middle ground for those situations in 

which the LIS requires more change than it is possible in maintenance but still has business 

value. Instead of retiring the LIS, modernization is a strategy that allows extending the life of 

the system, thus improving the return of investment (Pérez-Castillo, 2012). This is especially 

relevant as LIS represent a huge long term investment for organizations (Liu and Sharp, 1994; 

Bisbal et al., 1999). 

For those cases, the interface of the LIS is usually very dated and text-based. The 

modernization can take place wrapping the old interface and parsing it to a new interface 

(Comella-Dorda et al., 2000). This new interface provides benefits such as being more useful 

for the users (Mathule and Kalema, 2016), integrating with cloud services (Qureshi et al., 2017) 

or making the LIS accessible from a web browser (Zhang et al., 2008).  

With modernization, the costs of analysing the LIS are greatly reduced. Since the LIS is 

not replaced, the algorithms are still reachable and the only new parts are the middleware and 

the new interface. The risks are much lower since the business logic in the LIS remains 

untouched and the components are reused.  

On the other hand, keeping the LIS brings significant disadvantages. The middleware and 

the new interface add complexity to the existing system (Bisbal et al., 1999). Most of the risks 

and costs of having a LIS in the organization are still there. The maintenance of the legacy 

hardware and the maintenance of the legacy software system are only some of those risks and 

costs. And there is also the new middleware and interface that will be part of a bigger, and less 

homogeneous, LIS in the future. The business logic is still trapped in the LIS and that bigger 

system is even harder to retire. 

Replacement is the most drastic approach. Replacement is the way to go when the LIS 

cannot adapt to the business needs and modernization is not a viable solution because of cost or 

complexity (Bisbal et al., 1997; Comella-Dorda et al., 2000). Replacement is further discussed 
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in section 3.3 because replacement is the approach used in HistAuskunft. 

As a side note, there are other classifications for the solutions available to the challenges 

presented by LIS in the organization. For example Bisbal et al propose these three categories 

(Bisbal et al., 1999): 

 Redevelopment. Rewrite a new system and then retire the replaced old system. The new 

system might not have exactly the same functionality as the old system, because this is a 

chance to adapt to the changing environment. 

 Wrapping. Building a new interface enhancing the existing LIS. This solution is closely 

related to modernization. 

 Migration. Moving the LIS to a different environment while keeping the data and 

functionality (Bisbal et al., 1999). 

In the end, the enterprise has to either maintain or modernize an existing system or invest 

more in replacing the existing system with a new system with lower operating and maintenance 

costs (Weiderman et al., 1997). After all, replacing a LIS also takes a big time investment, 

typically in the five to ten years range (Bisbal et al., 1997). Furthermore, the new system could 

also align better with the current and future strategies of the organization. 

 Software replacement 

In software replacement, the existing software system is retired and replaced by a newly 

developed system. Other names for the software replacement approach when dealing with LIS 

are big bang approach or cold turkey (Bisbal et al., 1997; Comella-Dorda et al., 2000). 

Software replacement is most appropriate when a software system cannot keep up with 

business needs and modernization is not possible or cost viable (Comella-Dorda et al., 2000). 

Replacement is most commonly used when the systems are undocumented, outdated or 

extension is not possible.  

Organizations have to weigh the disadvantages of keeping their LIS against the risk and 

cost of replacing their LIS with modern systems. Sometimes a middle ground solution is 

incorporating mechanisms that allow their LIS to interact with new systems providing 

additional functionality (Wu et al., 1997). Nevertheless, keeping the LIS implies significant 

disadvantages that are presented in section 3.3.1 Motivation for the replacement of legacy 

information systems. 
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LIS represent a huge investment from the organization, especially when they are mission 

critical and have a reason for their long lives (Liu and Sharp, 1994; Weiderman et al., 1997). 

Very often, managers are reluctant to retire software systems in which the organization has 

invested heavily. Retiring such systems is even more difficult when money and politics are 

involved (Weiderman et al., 1997).  

 Motivation for the replacement of legacy information systems 

The following list gathers the many disadvantages from keeping LIS in an organization. There 

is also a lot to gain from replacing a LIS with a new system. Reduced maintenance and 

operation costs and increased flexibility for the evolution of the organization are some of those 

reasons that motivate the replacement:  

 The outdated hardware required by LIS is too slow, obsolete and has excessive operating 

costs (Bennett, 1995; McAllister, 2011). This outdated hardware could prevent the 

scaling required by the growing or changing demands of the business (Qureshi et al., 

2017). Another reason related to hardware that motivates LIS replacement is that lower 

cost open options like Linux or Windows servers are now more reliable and performant 

than before (Fujiwara et al., 2016). Those more open options also have lower 

maintenance and operating costs. 

 The LIS cannot provide new functionality that would make the organization more 

competitive. In other cases, the new functionality cannot be added fast enough to the 

LIS, so even if it could be possible, adaptive maintenance (ISO, 2006) is so costly in 

time or effort that it is not viable and the company will not be able to adapt to the 

changing environment before others (Wu et al., 1997). Maintenance is such a difficult 

task in degrading software structures that merely understanding the system is a large task 

in itself (Bennett, 1995). 

 Adapting the LIS to new business needs gets more difficult as time goes (Comella-Dorda 

et al., 2000). Information systems get larger and investments in reducing their size are 

rarely made (Comella-Dorda et al., 2000). Integration with a changing environment is 

increasingly difficult (McAllister, 2011). The changes in the environment can come from 

many different sources such as the dynamic market environment, available technologies 

or even new legal regulations that affect the software systems (Weske, 2012). 

 Software involved in mechanization of human or societal activity has to evolve and 
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change continually to remain useful (Lehman, 1980). As a system evolves, the 

complexity increases. Active action is the only way to reduce complexity in a given 

system (Lehman, 1980). This active action is more complicated as time goes since the 

risks and costs of maintenance increase as the system ages. Some authors argue that such 

active action never took place for the majority of LIS (Bennett, 1995). 

 Systems with several decades of life have been maintained by several different teams. 

Maintenance costs increase when different teams contribute to the development of a 

given system and they do not use the same standard practises or paradigms 

(Sommerville, 2008c). This is expected as newer teams might apply different and newer 

techniques making the LIS even more heterogeneous. 

 There are fewer people with knowledge about the LIS in the organization as they retire. 

Finding new staff with legacy skill sets gets more difficult as the system ages 

(McAllister, 2011). 

 Specialized optimization in the LIS for the old hardware could have sacrificed readability 

and understanding of the system in future maintenance (Bennett, 1995). Topics such as 

concurrency were not so mature and were often implemented with hard to maintain ad-

hoc solutions (Bennett, 1995). Future maintenance performed by engineers trained in 

modern paradigms could be increasingly difficult. New engineers are usually trained in 

modern paradigms that are not applicable to optimizations performed in LIS 

(Sommerville, 2008c). 

 LIS were built using outdated paradigms. Integrating these LIS with newer technologies 

can be very complex or impossible due to incompatibility with newer technologies 

(Bisbal et al., 1999; Qureshi et al., 2017). This means LIS are less flexible and hinder the 

adaptation of the organization to the changing environment and evolving technologies.  

 Synchronization between business processes and technological infrastructure is 

increasingly difficult as business processes evolve and the technological infrastructure 

remains the same (Ullah and Lai, 2013). 

 The LIS prevents the evolution of the enterprise infrastructure. The LIS could make 

moving to newer solutions impossible. For example, the organization could be motivated 

to move to a cloud based solution in order to reduce operational, maintenance and 

upgrade costs (Qureshi et al., 2017). In these situations, the LIS often cannot keep up 

with the changing business needs (Bollig and Xiao, 1998).  
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 Costs and risks in the replacement of legacy information systems 

The replacement of LIS can be a very delicate quest. LIS contain a lot of business knowledge 

and modifications that have accumulated during their long life cycle (Pérez-Castillo, 2012). 

Despite being business critical and serving a vital purpose for the organization, LIS are usually 

not completely understood by the members of the organization (Bakar and Razali, 2013). 

Because of their long life and the lack of knowledge about LIS among other reasons, the 

replacement of LIS implies the following risks and costs: 

 The knowledge about the system has been lost. The documentation is nowhere to be 

found or never existed at all. Even if there is documentation, it might be close to 

impossible to find or requires a huge amount of work to use (Lauder and Kent, 2000). 

The people with the knowledge of the aging system, the designers, developers or expert 

users could be retired (Sneed, 2010). Even if the knowledgeable people are present, their 

time can be in very high demand (White, 1995). 

 The system specification cannot be found or is not trustworthy. Usually there is no way 

to tell if the specification includes all the changes performed on the LIS during its long 

life cycle (Lauder and Kent, 2000). 

 The business requires constant availability of the LIS. The organization cannot afford 

turning off the system and then spend some time replacing it. This is especially true for 

critical systems, common in banks, insurance, finance or computerized reservations 

systems in airlines or hotels (Bollig and Xiao, 1998). These systems are critical in the 

business logic and daily operations of the organization, crucial when every year more 

operations and processes are automated and dependant on information systems. 

 The LIS has been in use and tested for decades. The new system might not be as reliable 

as the system it replaces (Sommerville, 2008a). Building a new system creates the need 

of testing everything again. The business expertise contained in LIS has been tested 

during many years as they are usually very long lived, but there is no guarantee for the 

new system to be as robust or functional (Sommerville, 2008a). It could take some time 

after the replacement for the new system to contain all functionality from the old system 

(Comella-Dorda et al., 2000). 

 Software replacement of critical LIS implies substantial direct financial cost. This cost 

includes the expensive process of rediscovering knowledge accumulated during decades, 

business rules and processes (Bisbal et al., 1999; Lauder and Kent, 2000). Building a 
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new system can be very expensive in resources. The IT resources needed are usually 

already allocated with maintenance tasks and their knowledge may not be the best 

aligned with the new technologies that the new system could adopt. The replacement 

could be unviable or impossible only because of the prohibitive cost.  

 Previous strategic decisions could make the replacement impossible. Sometimes the cost 

of the replacement does not come from the replacement itself, but from vendor lock-in. If 

the organization chose a certain vendor years ago, this same contract could imply 

substantial switching costs if the organization preferred to replace that system. 

 The users could be opposed to replacing the LIS. There are many reasons for users to 

oppose to change. One of the most important reasons is users identifying the replacement 

as a threat to their jobs. (Rotman, 2013; Mathule and Kalema, 2016). Other causes could 

be the additional effort of learning and adaptation to the changes of the new system.  

 The LIS holds legacy data difficult to migrate. The data could be corrupt or incomplete 

(Bollig and Xiao, 1998). The LIS could also use difficult to understand or undocumented 

workarounds to operate the data. 

 There is no generic replacement for all systems and it is always necessary to understand 

the system in great detail (Bisbal et al., 1999). Understanding a LIS, considering their 

huge size and complexity is a very time demanding tasks for experts, managers, 

engineers and users (Sommerville, 2008a). This complexity increases the risk of the 

replacement. 

 The existing LIS might give the false perception that a new system based on the old one 

will be easier to build because there is already a system that serves as template. The 

reality is that building a new system from a commercial software product usually implies 

a bigger technical sophistication in software development than developing from scratch 

(Plakosh et al., 1999; Sneed, 2010). The possible reasons behind this are the difficulties 

in recovering the requirements and analysing the existing LIS. Furthermore, users expect 

all the old features from the LIS in addition to new ones from the new system (Sneed, 

2010). 

 Black box and white box software replacement 

Black box replacement is performed observing the input and output of a LIS within its context 

to obtain an understanding of the system (Comella-Dorda et al., 2000). As a difference with 
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white box, black box does not involve analysing the underlying system structure.  

White box is a reverse engineering strategy and includes activities to recover artefacts such 

as designs or documentation (Weiderman et al., 1997). White box involves creating the 

documentation for the system architecture again and recovering the program structures and 

design (Weiderman et al., 1997). 

With black box, the code of the old system is not analysed. This avoids dealing with the 

complexity and risks associated with such an effort-intensive task (Mayrhauser and Vans, 

1994). White box requires more time and effort, but it is not always the best solution.  

For white box, it is also important to differentiate between the decisions made by designers 

and developers and the actual requirements (White, 1995). People with knowledge about the 

system are very valuable, as they could know if the real requirements and the requirements 

recovered from the legacy code are consistent (White, 1995). Nevertheless, the people with that 

knowledge can be unavailable. 

Black box approaches take much less time in reverse engineering the LIS than white box 

approaches (Zhang et al., 2008). In the work of Zhang et al. with black box, part of the old 

system could be reused and integrated. The purpose was keeping some internal modules and not 

having to rework them. In other works (Bollig and Xiao, 1998), black box helped engineers 

grasp the business rules and the data structures contained in the LIS. The engineers reported 

that the new system was much more adaptable because they based the replacement on the real 

requirements, not on what the previous system was. Table 3.1 shows the most relevant activities 

in both strategies side by side (Weiderman et al., 1997). 

Black box is also the alternative when white box is close to impossible. Code, 

documentation or data structures are not always available. It is not strange that an organization 

has a system running for forty years, but there is no source code or documentation. 

Black box also has disadvantages. Black box can be more influenced by defects in the 

system than white box and many defects can be disguised as features (Weiderman et al., 1997). 

In that case, both good and bad aspects of the software system would remain after the 

replacement. 

Continuing with the comparison between white box and black box, Table 3.2 highlights the 

differences between white box and black box presented in the previous paragraphs. 
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White box Black box 

Interview the teams responsible for the design, 

development and maintenance of the system. 

Identify encapsulated data and 

databases. 

Use conceptual modelling techniques to build models 

specific for the domain of the application. 
Identify encapsulated functionality. 

Static and dynamic source code analysis employing 

extraction mechanisms. 
Evaluate middleware solutions. 

Create abstractions to enable program understanding.  Wrap data and functionality. 

Navigate, analyse and present the information structures 

contained in the system. 

Consider compatibility layers 

between existing modules. 

Table 3.1: Main activities in white box and black box strategies 

 White box Black box 

Complexity and risks. + - 

Requires artefacts such as source code or part of the documentation. + - 

Time investment. + - 

Reusability of the components. - + 

Requires people with knowledge of the system. + - 

Influence of defects from the existing system. - + 

Table 3.2: Main differences between white-box and black-box strategies 

Even if these strategies seem opposites, they are very often combined (Comella-Dorda et 

al., 2000; Weiderman et al., 1997). Combining black-box and white-box approaches is often the 

most sensible and cost-effective solution (Weiderman et al., 1997). Nevertheless, looking into 

the black box requires knowledge for tasks such as writing specific programs, interpreting raw 

data and problem solving (Plakosh et al., 1999). 

For the project presented in this TFM, HistAuskunft, the replacement mainly uses a black 

box strategy but also includes white box activities. The focus is analysing the output of the LIS 

and how it responds to input. That behaviour is then coded and implemented in the new system. 

Some of the white box activities in HistAuskunft are analysing binary dumps, looking at source 

code definitions of the data structures and rewriting system documentation.  



 
 

3 Background and state of the art 

35 

 

 Screen Scraping 

Screen Scraping allows extracting the content from user interfaces. This technique is commonly 

used for obtaining data from another application when there is no useful API or direct access to 

the data source (Comella-Dorda et al., 2000; Newman, 2013). Screen Scraping is also used 

when the data source is too complex or the maintenance unviable, which is the case in many 

LIS. Screen Scraping follows a black box approach as it only considers input and output 

without looking inside the components.  

Screen Scraping is one of the most common modernization techniques (Comella-Dorda et 

al., 2000). The content scraped or extracted from the LIS by the Screen Scraper is then 

transferred to a new system. The screen scraper takes the role of a middleware or compatibility 

layer between the old system and the new interface. 

Screen Scraping is also a means for creating APIs for legacy user interfaces. This approach 

has been applied in different projects such as the integration of a defence program ERP with 

other systems (Comella-Dorda et al., 2000). The in-house verification tool for the replacement 

in HistAuskunft is another example of Screen Scraping (Flores-Ruiz, 2016). In that case, the 

verification tool included a screen scraper to provide access to the contents of the display 

terminal as if it were an API. 

Apart from LIS, Screen Scraping is very frequent in accesses intended only for display in a 

web browser (Newman, 2013) such as websites. As with mainframes, the screen scraper 

emulates requests and handles returns parsing and processing the results (Newman, 2013). 

 Related work 

Replacement projects for LIS are common. Many of the reasons are included in section 3.3 

Software replacement. In summary, LIS replacements still need ad hoc solutions in which only 

some parts can be automated in the best case. Efforts in automating the recovery of business 

knowledge (Pérez-Castillo, 2012) or source code conversion (Teppe, 2009; Sneed, 2010; 

Fujiwara et al., 2016) are still a current topic but semi-automatic at best. 

 ARNO 

ARNO was a cost driven project for the migration of a large scale legacy travel booking system 

(Teppe, 2009). The main reasons behind this migration project were the obsolete programming 

language (SPL) and low-level IO operations. Those elements are very hard to maintain and 
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newer development tools proved to be a better option.  

The new environment was more suitable for modern distributed applications than the 

mainframe systems. The BS2000 operating system was obsolete and the data management was 

outdated. These characteristics risked the continuity of the service if no active action was taken. 

The process followed in the ARNO migration project was: 

 Study. Analysis of the current system and new system proposals. Evaluate the 

maintenance, further development and performance in the old and new environments. 

New development of the system with the same functionality was discarded, as the costs 

were estimated to be too high. Not only development costs, but also testing, detection 

and correction of defects. It would take years to ensure the stability of the new system. 

All things considered, the solution was the conversion of SPL code into procedural C. 

The new database provider, Oracle, was chosen because it was already present in the 

organization. 

 Project organization. The different stakeholders came from different independent 

companies. That made essential identifying the stakeholders and including managers 

from the different companies in the project committee. The goal was to create 

management awareness, give visibility to the project and make sure the project was 

given the appropriate priority. This is because long running migration projects are 

usually abandoned. The system to migrate changes and makes the migration more 

difficult if it is extended over time. 

 Prepare the migration. Identifying the elements in the system to migrate. Make an 

inventory of jobs, sources and utilities. The team could remove no longer relevant 

elements like dead code and irrelevant data. This reduced the workload of the migration. 

 Migrate. The migration followed an iterative approach. The existing sources were 

converted using a conversion tool. The results of the conversion were incorporated to the 

new system making the old and the new system functionally equivalent. 

 Test. The participants for the testing process were testers from the project team and end 

users of the new system. Errors were recorded with requests for development so that the 

team could perceive the progress of the tests and the errors. 

 Train the end users. The team trains the users to use the new system to incorporate the 

new system in the processes of the organization. 
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 Give control back to the organization. After the migration acceptance, the organization 

took the converted sources and stablished its own maintenance teams and tasks to 

continue managing the new system. 

HistAuskunft follows a similar approach despite being in the insurance field. Nevertheless, 

the motivation behind the replacement in HistAuskunft is more related to the operating costs and 

the heterogeneity of the architecture and systems around it. For the replacement process, the 

study and consideration of alternatives is also the first step, but the decision was not to convert 

the code but rewriting a new system because of certain characteristics in HistAuskunft. Many 

parts of the code are unavailable and the new system will not have exactly the same 

functionality as the old system. That step was followed by the implication of the management 

from both companies, the customer and itestra GmbH. Preparing the migration and identifying 

the structure and what to migrate was performed in a similar fashion and the migration also 

follows an iterative approach.  

The new system in HistAuskunft would also integrate with the current technologies in the 

organization, some of them being IBM WebSphere and IBM Db2. The project team and the 

users are involved together in the testing of the new system, sharing their findings and solving 

errors. The final step will be training the end users, showing them the system and writing the 

user documentation for future reference.  

 Migration from COBOL to Java 

The context in this industrial project is the management of airport operations (Sneed, 2010). 

The LIS, more than thirty years old and written in COBOL, was starting to become 

unmaintainable. All the people with knowledge about the system had retired, the mainframe 

was no longer supported by the manufacturer and the obsolete technology implied additional 

operations and workarounds. The environment of the LIS had also changed. The LIS was 

surrounded by new Java applications with Oracle relational databases.  

The goal of the project was to replace COBOL systems to Java keeping the functionality in 

a new object-oriented architecture. They also intended to use automated tools for this project. 

The automation faced several challenges because of the architecture of the LIS and the 

different environments such as CICS or IMS. For every new replacement project, experts would 

have to implement a framework for the specific environment and its effect on the COBOL 

structure and communication with the environment. 
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Compared to HistAuskunft, this project has a similar goal and motivation. Furthermore, the 

environment around the LIS changed similarly and it was important to integrate a new system 

in that environment. But the tools to achieve the goal are different, as this project uses code 

transformation and HistAuskunft employs a Screen Scraping approach. Still, even if the 

approaches are different, testing remains a time and effort intensive task. 

 Other related works 

Migration of mainframe systems is a very common scenario even if the approaches are ad-hoc 

and highly dependent on the architecture of the system to replace.  

(Brito et al., 2010) presented the experience of a reengineering project performed for the 

migration of a Natural/Adabas bank system. Their case started with a code analysis. The 

following step was the re-documentation of the system. The project ended with the re-

implementation of the system through commercial and ad hoc tools. 

(Fujiwara et al., 2016) performed the generation of C code from COBOL programs. This 

approach is composed of dataflow analysis, recognition of control structures and code pattern 

matching. 

Most often, proposals consider wrappers and integration mechanisms with which the 

unmodified LIS remains in the infrastructure. Examples consider integration with a Service-

Oriented Architecture (SOA) as is the case with (Koschel et al., 2009) who used wrappers to 

integrate Natural systems into SOA. (Canfora et al., 2008) also used a wrapping approach, but 

focused primarily on interactive functionality.  

Other approaches focused on extracting business rules re-creating the documentation of the 

LIS for future use in other modernization projects. As an example, (Erlikh, 2000) proposed 

RescueWare providing a method and a supporting tool based on knowledge mining to extract 

reusable business logic and components from LIS based on the COBOL program call map.  

(Cosentino et al., 2013) further explored the extraction of business rule extraction for 

COBOL systems with a supporting tool. The approach used by (Cosentino et al., 2013) started 

with a COBOL program and derived a model-based representation of the source code. The tool 

provides model transformations to identify and then visualize the embedded business rules. The 

tool also enables the definition of an application vocabulary and the identification of relevant 

business objects. In contrast, (Dorninger et al., 2017) built the prototype for an ad hoc tool to 

generate COBOL documentation. This tool supports re-documentation in COBOL to Java 
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migration projects allowing continuous generation of up-to-date documentation for the new 

software system. 

 Other applications of Screen Scraping 

There are many cases in which Screen Scraping is used to integrate the old system with a newer 

interface (Salvatierra et al., 2013). As Salvatierra et al. highlight in their work, the new system 

would be dependent on the original system. In those cases, the Screen Scraping would be 

performed by a middleware between the new system and the LIS.  

Screen Scraping is typically used to provide a new interface for the LIS with many 

different purposes. Allowing access from web browsers (Zhang et al., 2008) would be an 

example. 

In HistAuskunft, the goal of Screen Scraping is not modernization but the complete 

retirement of the LIS. As a difference, in HistAuskunft, the Screen Scraping process ends as 

soon as all the information has been extracted once. If the original system was not retired, the 

Screen Scraping middleware would be integrated between the LIS and the new interface. In that 

case, the LIS would remain and additional layers would be built on top of the LIS. Screen 

Scraping without replacing the original system gives good short term results (Salvatierra et al., 

2013), but the system would be harder to maintain in the future. 

 Summary 

Figure 3.2 provides a concept map summarizing the key elements from the background of this 

TFM. The concept map shows that this TFM is related to software reengineering by focusing on 

black box modernization, system redesign and integration with existing systems.  

The TFM is in the field of information system replacements with the application of screen 

scraping techniques. The costs and risks of keeping legacy information systems motivate the 

replacement. Nevertheless, the costs and risks of the replacement itself are also considered.  

The results from this TFM are applicable to legacy systems. Such systems are often critical 

for enterprises. An example of those legacy systems are IBM 3270 terminals and IMS databases 

connected to mainframe systems, as is the case with the system replaced in this TFM.  
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Figure 3.2: Concept map with the background of this TFM 

 



 
 
4 Work method and technological environment 

41 

 

4. WORK METHOD AND TECHNOLOGICAL ENVIRONMENT 

This chapter begins with a general view of the methodology used to conduct this project. The 

chapter follows with the project plan designed for this project using the explained methods. The 

end of this chapter comes with a summary of the tools and technologies used in this project. 

 Methodology 

As standard, itestra GmbH uses a methodology based on Lean Software Development with a 

focus on Lean thinking and its seven principles. This project presents an adaptation of the 

methodology used in itestra GmbH following the guidelines and main aspects of that 

methodology. 

The methodology is complemented by the usage of Kanban boards for task management. 

These Kanban boards are accessible by all team members, enabling shared responsibility and 

capability to make decisions. The ‘Zero defects’ approach is another key aspect of the 

methodology that supports the Lean focus. Additional measures such as Goal-Driven 

Development (GDD) and the Getting Things Done (GTD) time management method provide 

further support for the methodology. The following sections show the application of the 

methodology for those methods in this project. 

 Lean Software Development  

Lean Software Development (LSD) is one of the many agile practices applied to software 

development (Poppendieck and Poppendieck, 2003; Ambler, 2010). LSD combines the Lean 

principles and the Agile practises. For that reason, in LSD, it is possible to consider the 

evolution of requirements and the use of self-managed and multifunctional teams.  

The main goal of LSD is to maximize customer value. This is also the case with Agile 

Software Development. This means that there is a strong relationship between the concepts 

used in the concepts used by the Lean and Agile communities, introducing concepts such as 

“Leagile” to define the similarities (Janes, 2015). Other authors admit that Lean and Agile are 

often used as synonyms even if there are differences (Jonsson et al., 2013). As main difference, 

Lean appeared as a management philosophy and an approach to be applied in a top-down 

fashion in the organization. Lean does this focusing on the value chain from the supplier to the 

customer. On the other hand, Agile provides a bottom up focus starting from the development 

team (Janes, 2015). 
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In the particular case of LSD, maximizing customer value is achieved by minimizing the 

resources spent on activities not perceived as valuable for the client (Janes, 2015). This way, the 

resources are focused on the activities that provide value for the client. 

The adaptation used in itestra GmbH is heavily influenced by LSD (Poppendieck and 

Poppendieck, 2003). As in Lean manufacturing (Ohno, 1988), the purpose at itestra GmbH is to 

reduce waste and create value from the customer’s perspective. The value is contained in the 

actions, processes and artefacts that create benefit for the customer. 

LSD is focused on reducing waste providing strategies that help identifying the source of 

waste. Eliminating the source of waste helps improving the software development process 

(Ambler, 2010). The core of Lean thinking in LSD is based on the following seven key 

principles: 

 Eliminate waste. Waste is the term for the activities that do not add value for the 

customer. The effort spent in activities that do not add value should be as little as 

possible. In software development, waste takes many shapes such as implementing 

unrequired features or excessive obstacles in the communication between stakeholders 

and team members (Ambler, 2010). Proposed ways to reduce waste usually focus in 

reducing scrap and rework tasks later by reducing the waste as early as possible. 

 Build quality in. Quality is a very important aspect from the beginning to the end of the 

project. Always look for defects. This principle is closely related to the zero defects 

approach that defends fixing defects as early as possible in order to reduce future costs 

and increase overall quality. 

 Create knowledge. Empower people and enable them to improve their skills constantly. 

Created knowledge should be accessible and shared among the team. During software 

development, the team can learn a lot that can enhance future work in that or other 

projects. Creating and spreading knowledge makes teams perform better. Some sources 

of knowledge are proper documentation, wikis, code reviews or knowledge share 

sessions. Creating and sharing knowledge is very important because knowledge allows 

informed decisions. 

 Defer commitment. Decide as late as possible. Every decision involves a risk. Everything 

can change as time goes by and a good early decision might become a bad decision after 

the environment changes. If possible, delay decisions so that more information is 

available. Do not make decisions too late, but just in time.  
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 Deliver fast. This principle is in close relationship with the time to market concept. 

Delivering fast and being there first often gives a competitive advantage. In software 

development, fast deliveries leave less time for requirements to change. Another aspect 

of this principle is getting feedback from the customer as soon as possible. This allows 

adapting the project to the changing environment. 

 Respect people. Encourage people to share their views. Give people responsibility to 

make decisions in the project. Respecting people is a key aspect in the creation of 

knowledge. Respect is also a very powerful motivator and makes people feel committed 

to the project enabling success. 

 Optimise the whole. Measure and improve all your processes constantly. Also focus on 

optimising the integration of the processes and the generation of the complete product for 

the stakeholders. Optimising the workflow as a whole reduces waste and improves the 

quality of the end product. 

The seven principles have encouraging teamwork as common goal (Poppendieck and 

Cusumano, 2012). Furthermore, applying these LSD principles reduces costs and increases 

customer satisfaction. The principles give flexibility and agility allowing faster adaptation to 

changes during the project.  

 Kanban boards 

Kanban means signboard in Japanese. Kanban boards are a tool for workflow management 

(Ohno, 1988). Kanban boards help the team identify forthcoming tasks. The Kanban board is 

the representation of one of the key principles in Lean manufacturing, “produce only what is 

needed”. This key principle is strongly related to Just In Time (JIT) production, one of the main 

focuses of Toyota’s Lean Manufacturing (Ohno, 1988). 

Kanban boards make task management visual. Tasks are represented with cards placed on 

the Kanban board in different vertical lists or columns. The tasks should move through the lists 

getting closer to the “done” state. Task flow goes from left to right and represents the progress 

from the definition of the task to the end.  

Kanban boards do not force specific list names, those names are decided by the team. The 

usual in software development is having three lists with the names “To Do”, “Doing” and 

“Done”. Figure 4.1 shows a visual example of a Kanban board with three columns, one row and 

three cards or tasks.  
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To Do Doing Done 
 

 
 

 

 
 

 
 

 

 

Figure 4.1: Kanban board example 

The adaptation for the Kanban board used in this project contains five lists or columns. The 

following enumeration identifies and briefly explains those five lists ordered from left to right:  

 “Backlog” is the list of tasks that should be performed for the project. This list contains 

tasks that are not ready for implementation but should be considered in the future. 

 “Waiting for input” is a column for tasks that are expecting feedback from the 

customer or the project team. These tasks need that input before they can move to the 

following lists. 

 “Work in progress” receives the tasks currently in development. A reasonable number 

of tasks in this list would be three or less. A higher number of “Work in progress” tasks 

would be unrealistic, so the list should be reviewed to check if all tasks are really in 

progress or should be moved to another list.  

 “Review pending” is a list for tasks whose result needs to be verified with special detail 

before they move to the next list. 

 “Done” contains the tasks that are finished and whose results have been achieved. 

The tasks move through the lists from left to right. Nonetheless, other movements are also 

allowed, for example, a “work in progress” task would move to “waiting for input” in case 

feedback was needed before the task could move to “done”. 

 ‘Zero defects’ approach 

Production or development of new features should stop until the detected defects are solved. 

The reasoning is that those defects increase technical debt which must be paid later on with a 

greater effort (Wehaibi et al., 2016). Defects produce delays and reduce the quality of the 

product as defended by Toyota.  

Reducing technical debt is very important as this project is part of a bigger ongoing project 

Task 2 

Task 4 

Task 3 Task 1 
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expected to last several years. Technical debt accumulates an interest because locating and 

fixing defects gets harder and more expensive the longer they stay in the developing product.  

Related to the GTD time management method, finding the defect affects the attention and 

changes the context to the defect. The following three reasons justify zero tolerance with 

defects and motivate immediate action against defects: 

1. The attention is stolen from the task performed before finding the defect. This reduces 

productivity in that task and increases the probability of including new defects. Finding 

a defect and not reacting creates new open loops as defined in the GTD method. This is 

not desired as makes the mind wander around the newly open trains of thought. 

2. Only logging the defect and then going to something else adds long term overhead. 

Attention goes from the current task to the located defect. Attention focuses on logging 

the defect. Then the attention goes back to the previous task. Afterwards, somewhere in 

the future the attention again goes to the defect. As a difference with machines, humans 

cannot switch contexts completely. There is always something from the last context we 

were located that decreases the attention focus. This affects negatively concentration 

and the quality of the work. 

3. Delaying the fix of the defect by several days or weeks makes the fix much harder. 

Trying to remember the context is a burden and can imply as much effort as 

rediscovering the defect.  

Technical debt is not always a bad thing. But it is important to keep debt under control and 

not increase the debt to levels we will not be able to pay later. Usually there are good choices 

that do not increase the technical debt as much and have a similar cost. 

 Goal-Driven Development principles 

According to the authors, goals are defined as “an informal description of what a stakeholder 

wants to change or improve in his business environment” (Schnabel and Pizka, 2006). An 

example of goal in this project according to the goal definition is to replace a legacy 

information system whose costs are no longer manageable with a new system that provides the 

same required business value.  

The GDD principles are a proposal for an iterative approach. The iterations start with the 

identification of goals. Every iteration ends with an executable version of the software that 

satisfies the selected goals for that iteration.  
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If the obtained executable version does not satisfy the goals for that iteration, there is a 

possibility of defects in the implementation or in the definition of goals. In the second scenario, 

the definition of goals should be reviewed because the environment might have changed 

rendering some goals irrelevant or in need of modification. 

The goal identification process has three steps: first, define goals without considering 

technology. Second, the team analyses how to apply technology to achieve the defined goals. 

And third, study the costs to achieve the goals using the different technologies proposed and 

determine the viability and priority of the goals. According to GDD, those defined goals should 

be SMART, which means: 

 Specific: clearly define what, why, who and where. 

 Measurable: progress and accomplishment of the goal is measurable and verifiable. 

 Attractive: the goal is worth achieving. 

 Realistic: the definition of the goal considers the available resources. 

 Time-bound: start and end dates for the goal are specified.  

These goals are defined in a top-down approach and the goals are achieved in a bottom-up 

approach. This gives a convergence between defining goals that satisfy business needs and the 

possible goal achievement with available technology. With this reasoning, the GDD principles 

avoid situations such as projects focusing on the technology that is going to be used instead of 

the actual goals.  

  Getting Things Done method 

Getting Thing Done (GTD) (Allen, 2015) is used in this project as a time and task management 

method. The main goal is to keep track of the tasks with external means dividing the tasks in 

actionable items depending on category, duration or deadline. Keeping track of the tasks in that 

way focuses the attention on acting on the items instead of on trying to remember the tasks. 

Channelling the attention only on one actionable item at a time relieves the mind of constantly 

thinking about the tasks in order to not forget them. All items should be logged in a trusted 

external place instead of in the mind. 

Tasks that are constantly in the mind while still not making progress are called open loops. 

The GTD method defines open loops as “anything pulling at your attention that does not belong 

where it is, the way it is” (Allen, 2015). In other words, open loops are thoughts of something 
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that has to be done, but cannot be done at that time. As there is no progress, the thought is a 

waste of time, energy and attention focus leading only to anxiety and distraction. Since open 

loops are a burden on the mind (Baumeister and Tierney, 2011), closing loops is very desirable. 

Task management comes with closing open loops. A way of closing loops is capturing 

them outside of the mind to decide later about them. Reminders of those open loops in an 

organized system that is regularly reviewed helps rest the mind. Those reminders can represent 

the tasks or actions performed to close the open loops. The reminders stored in a trusted 

external place can take different shapes, for example, notes in paper sheets or tasks on a Kanban 

board. Those reminders should be short sentences that start with a verb as they are associated 

with actions.  

Generally, if any task is estimated to be shorter than two minutes or is urgent, the task 

should be done immediately. Immediate closure of such short tasks avoids wasting time logging 

the task when it would take almost as much time finishing the task. This closure would reduce 

the overhead completely avoiding any future open loops related to that task. 

Figure 4.2 shows the task handling process for any future tasks in this project identified 

after the initial task definition. The figure contains references to tools further explained in 

section 4.3 Tools and technologies used in this project. For any newly conceived task, if the 

task takes less than two minutes or is urgent, the task is done at that same time. If not, the 

decision depends then on the task size and the dependency on the context. Small and strongly 

dependant on context tasks are logged with MS Office Word comments if they are 

documentation tasks or as TODOs in the code if they are code tasks. In all other cases, the task 

is logged in Kanban in the corresponding list. 
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Figure 4.2: Task handling process 

 Project planning 

The project planning in this project uses three entities: goal, specific goal and task. The 

relationships between these three entities are satisfies and depends on. Figure 4.3 shows the 

hierarchy and relationships between those three entities.  

Explained with a bottom-up perspective, a task can depend on other tasks. Any given task 

cannot be complete until all the dependencies are also closed. A task satisfies a variable number 

of specific goals. If all tasks that satisfy the specific goal are closed, the specific goal is also 

closed. The specific goals satisfy one goal, the main goal in the project. After all specific goals 

are satisfied, the main goal is also satisfied and the project is complete. 
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Figure 4.3: Goal, specific goal and task hierarchy 

The goal and specific goals from this project are defined in the chapter 2 Goals of this 

document. Figure 4.4 shows the iterative process designed for this project. The iterative 

evolution contains three fixed iterations and a variable number of intermediate or development 

iterations. 

Iteration 0 starts with the definition of the initial project plan. This iteration provides the 

specific goals, the tasks that satisfy the specific goals and models the following iterations. 

Iteration 1 focuses on the analysis of the technical context and setting up the environment to 

support the following steps in the project plan. The following iterations close their assigned 

tasks and end with an executable version that grants additional value. The final iteration comes 

when the obtained product satisfies the project goal. This final iteration covers the validation of 

results and the product delivery to the customer. The final iteration marks the end of the project. 

Table 4.1 lists the tasks that satisfy the specific goals, and by extension the goal. Table 4.1 

includes the iteration that contains each task and the specific goals satisfied. Tasks are ordered 

in descending priority with T1 being the first task. Each task includes the estimated effort in 

person days (PD). Figure 4.5 shows the Gantt chart with the tasks from Table 4.1. This Gantt 

chart considers that the only work days are Thursday and Friday. The Gantt chart also shows 

the achievement of specific goals as milestones with dependency on their related tasks. 



 
 

4 Work method and technological environment 

50 

 

 

Figure 4.4: Goal-driven iterative process applied to this project 
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1 SG1 

T1 Install and set up the environment and tools. 1 

T2 Manually use and understand the LIS. 1 

T3 Analyse the relevant features and navigation of the LIS. 5 

2 SG2 

T4 Automatically parse one screen from the LIS. 4 

T5 Store the information from the extracted screen. 1 

T6 Elaborate a list with the contract keys from the binaries of the LIS. 3 

T7 Extract one screen for every contract in a given set of contracts. 1 

3 SG3 

T8 
Design an optimal extraction graph for the automatic extraction of 

information. 
2 

T9 
Navigate to, parse and persist the first page of the first year for all 

dialogs. 
3 

T10 
Include the first page for every year for each contract in the 

navigation, parsing and persistence process. 
2 

T11 
Include every page for every year for each contract in the 

navigation, parsing and persistence process. 
2 

T12 Include edge cases and exceptions in the extraction process. 3 

T13 Record every interaction with the LIS during the extraction. 1 

T14 Deploy the extractor and run the productive extraction. 2 

4 SG4 

T15 Implement all dialogs and navigation features in the new system. 7 

T16 
Implement behaviour in response to forbidden interaction in the 

new system. 
3 

T17 
Integrate and allow navigation from and to the other systems in 

HistViewer. 
4 

Final SG5 

T18 Analyse and improve code quality. 2 

T19 Validation of results with acceptance tests. 4 

T20 Close all remaining issues from the user test reports. 4 

Table 4.1: Task overview 
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Figure 4.5: Gantt chart with project planning 
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 Tools and technologies used in this project 

This section highlights the tools and technologies used during the project. The following tools 

and technologies are grouped by their category or main purpose. Table 4.2 provides and 

overview of the tools presented in this section.  

Hardware tools 

Development environment. 

Testing environment. 

Production environment. 

Software infrastructure 

Check Point Mobile VPN Client. 

IBM Personal Communications Session Manager 6.0. 

Windows 8.1 Professional. 

Project management and 

documentation tools 

Apache Maven 3.2.5. 

Gantt project. 

GIT. 

Kanboard. 

Microsoft Word. 

ObjectAid UML Explorer for Eclipse. 

yEd Graph Editor. 

Zotero. 

Software development tools 

Apache Log4j 2. 

Oracle Java SE JDK 8. 

Eclipse. 

F3270 connector. 

IBM WebSphere. 

Database tools 

CLPPlus. 

Dell Toad for Db2 freeware 6.1. 

IBM Db2. 

Quality assurance tools ConQAT. 
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FindBugs. 

Metrics. 

PMD. 

Table 4.2: Tools and technologies overview 

 Hardware tools 

To manage the releases, the development, testing and production environments use different 

hardware. This section shows the characteristics of the hardware provided for the different 

environments.  

 Development environment 

The development will take place in a notebook computer property of itestra GmbH with the 

following characteristics: 

 HP® Pavilion dm4 with Windows 8.1 Professional. 

 Intel® Core™ i3-2330M CPU @ 2.20 GHz. 

 6 GB RAM.  

 Samsung SSD 840 EVO 250 GB. 

 Testing environment 

The testing environment separates the client and the server in different machines. The client 

would be contained in the development machine. The server would be launched in a server 

contained in a VMware virtual machine that the customer provided for testing purposes. 

Separating the client and the server allows mimicking more precisely the production 

environment and testing the communications over the customer’s architecture and network. 

 Windows Server 2008 R2 Datacenter. 

 Intel® Xeon® Gold 6154 CPU @ 3.00 GHz. 

 2 GB RAM. 

 150 GB HDD. 

 Production environment 

The production environment for the frontend HistViewer contains the different computers 

available for the users of the software product. These users are the actual clerks that will use the 
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end product. The backend will be contained in a dedicated server. The production environment 

makes use of virtualization to enable resize and adaptation to future needs. 

 Software infrastructure 

This section lists the software infrastructure needed to access the LIS and the other regions of 

the customer’s systems. This section also includes Windows 8.1 Professional as it is the 

operating system that supports the installation of the other software tools. 

 Check Point Mobile VPN Client 

Check Point Mobile VPN Client (Check Point Software Technologies Ltd., 2016) is an 

enterprise-oriented VPN application. Check Point allows connecting to the customer’s network 

in which the mainframe is located. Check Point makes access to resources such as the 

mainframe or the customer databases possible. 

 IBM Personal Communications Session Manager 6.0 

IBM Personal Communications Session Manager 6.0 (IBM, 2016d) is a terminal emulator. The 

terminal emulator allows connection in the mainframe like a traditional terminal would. In this 

case, the emulator allows impersonating an IBM 3270 terminal. This terminal makes possible 

the connection to GIMS and IMS sessions in the customer mainframe. The terminal allows 

sending and receiving commands and data to and from the customer mainframe. This terminal 

emulator and the mainframe will be replaced by HistViewer. The terminal emulator is used to 

access the original system and compare the LIS with the new system. 

 Windows 8.1 Professional 

Microsoft Windows 8.1 Professional (Microsoft, 2016a) was chosen as operating system 

because it is compatible with the rest of the software tools used in this project.  

 Project management and documentation tools 

The following tools will ease the management of tasks, dependencies and other aspects of the 

project. Tools that allow proper management of the project help focusing on what is needed and 

provides value for the customer following the Lean thinking.  

Besides, documentation is a key part in the development and maintainability of the project. 

Usage of good tools for the documentation can enhance those aspects. The tools used here 

benefit diagramming, document writing and reference management. 
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 Apache Maven 3.2.5 

Apache Maven 3.2.5 (The Apache Software Foundation, 2016) is primarily used in this project 

for dependency management and build automation.  

 Gantt project 

Gantt project (GanttProject Team, 2016) is a free project management tool. Gantt project 

supports the creation of Gantt charts and its elements such as tasks, milestones or dependencies. 

Gantt project can also generate PERT charts and export the charts to pdf, image formats, csv or 

Microsoft Project. 

 GIT 

GIT (Software Freedom Conservancy, 2016) is a version control system with a distributed 

architecture. With version control, developers can contribute to the same project in a more 

organized way, preserving all the desired different versions and states of the project during the 

development. One of Git most relevant aspects is its branch architecture. Each branch can 

contain a different state of the project, which allows easy separation of production phase code 

from development phase code. 

 Kanboard 

Kanboard (Frédéric Guillot, 2017) is an online Kanban board (Ohno, 1988). Kanboard helps in 

project and task management with a web interface in which tasks are visual and allow 

interaction.  

 Microsoft Word 

Microsoft Word (Microsoft, 2016b) is a text processor with a graphical user interface. 

Microsoft Word has different tools that allow spellchecking, or text formatting among other 

utilities. Microsoft Word has been used to write this document. 

 ObjectAid UML Explorer for Eclipse 

ObjectAid (ObjectAid LLC, 2016) is an Eclipse plugin for the creation of class and sequence 

diagrams. ObjectAid also generates class diagrams using reverse engineering from provided 

Java code. 

 yEd Graph Editor 

yEd (yWorks, 2016) is a diagramming tool that allows different nodes, shapes and connectors 

following different standards like UML, entity relationship, flowchart, BPMN or even custom 
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ones. This graph editor has been used for most of the diagrams and graphs in this project. 

 Zotero 

Zotero (Roy Rosenzweig Center for History and New Media, 2016) is a reference management 

software. Zotero manages the bibliography in this project integrating with the word processor 

and the web browser. 

 Software development tools 

These are the tools for the development of the software in this project. Software development is 

made possible with the programming language, the development environment and other tools 

such as IBM WebSphere that allow the integration of the modules. 

 Apache Log4j 2 

Log4j 2 (The Apache Software Foundation, 2017) is a framework for logging and debugging 

messages. Log4j 2 provides asynchronous logging with support for different levels. Different 

sources, levels or event types can have different formats. Log4j 2 also allows writing to 

different places such as standard output or specified files. The configuration through xml files 

allows enabling, disabling or modifying the logging without changes in the application binaries. 

 Eclipse 

Eclipse (Eclipse Foundation, 2016) is an Integrated Development Environment (IDE). Eclipse 

is multiplatform and widely used. Extensibility via the usage of plugins is one of the key 

features of Eclipse. Many of the other tools used in this project will be used from their Eclipse 

integration. Examples of these extensions are GIT, Maven or PMD. 

 F3270 connector 

F3270 (Maia, 2017) is a framework that allows automating the interaction with a mainframe 

from a terminal. This framework provides an API to interact with the fields in the screens 

reading the output and issuing input commands. 

 IBM WebSphere 

IBM WebSphere (IBM, 2017b) is an application and integration middleware. Its main purpose 

is to integrate applications with other applications. WebSphere is a suite formed by different 

products to support communication utilities such as message brokers, message queues, events, 

or application servers.  
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The flagship product of the IBM WebSphere suite is the WebSphere Application Server 

(WAS) (IBM, 2016c). WAS is a framework and middleware to host Java web applications. 

WAS uses open standards and is supported on many different platforms such as Windows, 

Linux or z/OS. WAS allows the deployment and integration of web servers and services.  

 Oracle Java SE JDK 8 

Oracle Java SE Development Kit (JDK) 8 (Oracle, 2016b) is a software development 

environment. Java will be the main programming language for this project to maintain 

coherence with the other modules in HistAuskunft.  

 Database tools 

Data is a crucial aspect in this project. These tools make operating with the databases possible. 

This section contains the IBM Db2 engine and the clients used to interact with the remote 

databases. 

 CLPPlus 

Command Line Processor Plus (IBM, 2017c) is a command line user interface that allows 

connection to databases and run statements or other commands. 

 Dell Toad for Db2 freeware 6.1 

Dell Toad for Db2 freeware 6.1 (Dell Software Inc., 2016) is a database management toolset. 

Toad provides a graphical user interface to interact with databases. Toad manages different 

connections and shows the schemas, tables, data and other elements of the database in a quick 

and visual interface. 

 IBM Db2 

IBM Db2 (IBM, 2016a) is a relational database engine. Db2 is used for the persistence of the 

new system and to store the extracted data from the LIS to replace. The use of Db2 was 

requested by the customer. The motivation is to integrate the new system in their already setup 

IBM Db2 database server instances. 

 Quality assurance tools 

The quality of the final product is very important for the customer. As with other aspects of the 

project, there are tools that can aid the team measure and improve the quality of the product. 

There are a couple things to keep in mind when using quality assurance tools. First, the reports 
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from these tools should be subjected to judgement, especially when using automated or generic 

tools. Second, the lack of reports does not mean that there are no issues as quality assurance 

tools do not detect everything and sometimes detect false positives.  

All things considered, the reports from these tools can be very valuable and usually their 

suggestions are worth considering. These tools also help detecting bad smell (hints that suggest 

quality issues) in the code. 

 ConQAT 

ConQAT (CQSE GmbH) is an open source dashboard toolkit. ConQAT allows static code 

analysis and gives a quick overview of the quality status. Among its features, ConQAT has 

support for different programming languages, detection of clones or duplicated code and 

architecture conformance analysis. The results can be visualized with a web browser opening 

the html files that ConQAT gives as output.  

 FindBugs 

FindBugs (University of Maryland, 2016) is a static code analysis tool for Java programs. 

FindBugs analyses the bytecode and looks for potential bugs without executing the program. 

 Metrics 

Metrics (Sauer, 2016) calculates metrics for projects every time the code is compiled if it is 

enabled. This Eclipse plugin shows the depth of inheritance trees, nested block depth, 

McCabe’s cyclomatic complexity and dependency analysis.  

 PMD 

PMD (PMD, 2016) is a source code analyser. PMD reports possible bugs, dead code, 

suboptimal code that can be optimized, overcomplicated expressions and duplicated code. This 

helps improving readability, efficiency and maintainability.  

PMD uses default or custom rules that can be defined in rule-sets. PMD supports different 

languages such as C, FORTRAN, MATLAB or Python. In this project, PMD will be used for 

Java via its Eclipse plugin. 





 
 

5 Results: Modernization of a legacy loan system in an insurance company 

61 

 

5. RESULTS: MODERNIZATION OF A LEGACY LOAN SYSTEM IN AN 

INSURANCE COMPANY 

This chapter shows the results obtained from the application of the iterative process presented 

in chapter 4. The chapter covers every task showing the most relevant results and artefacts such 

as models, diagrams or decisions. The chapter ends with a summary of the challenges faced 

during the project. The following sections are in accordance with the iterations presented in 

Table 4.1. 

 Iteration 0: Initial task definition 

Iteration 0 produces the initial task definition and the project plan. Those artefacts are the result 

of these three phases: 

 Define and prioritize the specific goals that satisfy the project goal. Identify the 

relationships and dependencies between them. 

 Define the tasks that satisfy the specific goals. Estimate their effort and identify 

deadlines depending on the specific goals. 

 Define the iterations and assign the specific goals with their tasks. 

The resulting project plan and the initial task definition are presented in section 4.2 Project 

planning. That section defines the following iterations with their initial specific goals and tasks 

assigned.  

 Iteration 1: Analysis of the LIS 

Table 5.1 lists the tasks assigned for this iteration. The table also shows the specific goal 

satisfied, their task identifier, the description and the estimated effort in person days. The tasks 

performed in this iteration are listed in Table 5.1. 
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1 SG1 

T1 Install and set up the environment and tools. 1 

T2 Manually use and understand the LIS. 1 

T3 Analyse the relevant features and navigation model of the LIS. 5 

Table 5.1: Task list for iteration 1 in descending order of priority 



 
 

5 Results: Modernization of a legacy loan system in an insurance company 

62 

 

 T1 – Install and set up the environment and tools 

The complete list of tools required for the development of the project can be found in section 

4.3. This task covers the installation and configuration of all those required tools.  

Setting up the environment requires coordination with the customer. The complete 

environment makes use of terminal emulators and a mainframe system. These terminals need 

authorization rights and access to the customer’s VPN. The development tools also require 

installation of the different dependencies and drivers such as Db2 and configuration for the 

customer’s system. 

 T2 – Manually use and understand the LIS 

The IBM 3270 terminal allowed access to the LIS. As the IBM3270 terminal is no longer 

manufactured, IBM Personal Communications emulates that terminal to connect to the 

mainframe. This terminal grants access to the mainframe’s information after providing the 

adequate credentials. The connection to the mainframe uses the Telnet3270 protocol under 

TCP/IP with a LAN interface, specifying that the type of host is the IBM zSeries mainframe. 

Figure 5.1 shows the result after configuring the IBM 3270 terminal. The screen shown in 

Figure 5.1 is the first contact with the mainframe, the access control. The screen has different 

input fields represented with an underscore like Userid and passwort (password in German). 

Selecting the appropriate IMS (IBM, 2017d; IBM, 2017e) session and issuing the D30 

command brings the login screen from Figure 5.2, as the Darlehen system has a separate login 

in the mainframe system. The new system will integrate the different logins using different 

permission levels for each user. The correct credentials let the user reach the first Darlehen 

screen. 

For further reference, Figure 5.3 shows an example of screen that contains anonymized 

relevant business information. This figure also highlights five relevant elements in the screen. 

First, the dialog title; all Darlehen screens show the dialog title in that position, easing the 

identification of the screen content type. Second, the available commands, this enumeration 

shows the user which commands can be written on the command input field which is the third 

element in the figure. The fourth element is the error message field; this field contains further 

information for user, typically technical information or messages indicating invalid input. 

Finally, the fifth element on the screen is the dialog content, which varies depending on the type 

of dialog accessed. 
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Figure 5.1: Login to the mainframe from the 3270 terminal 

 

Figure 5.2: Darlehen login 
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Figure 5.3: Darlehensanzeige screen as example identifying relevant fields 

 T3 – Analyse the relevant features and navigation model of the LIS 

One of the most relevant results of this task is identifying how the LIS shows the information. 

This is important because the automatic extraction needs to know how to navigate the system to 

access every piece of information contained in the LIS. Allowing the navigation and thus the 

extraction enables the accomplishment of the different specific goals identified in section 2.2. 

The LIS contains a certain number of contracts with a structure shown in Figure 5.4. 

Each contract in the LIS has information in different dialogs. The LIS contains thirteen 

relevant dialog types for Darlehen. Out of those thirteen, six contain the information that should 

be extracted and incorporated to the new system. Nevertheless, the extractor needs to know 

about all thirteen to navigate to the six information dialogs. These remaining dialogs provide 

functionality to navigate the system and access the information. The six dialogs that show 

relevant information are:  

 Darlehensanzeige (overview): this dialog shows the overview of the loan contract. 
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 Konto mit Buchungen (account with entries): this dialog lists the specific entries of the 

customer account for that contract. 

 Konto mit Buchungen mit Zinsen und Kosten (account with entries with interests and 

costs): this dialog includes the interests and costs related to each entry for that contract. 

 Konto Sumarisch (account summary): this dialog provides a summary for each entry in 

that contract. 

 Anzeige Buchung (entry details): this dialog contains the complete details of each loan 

entry in that contract. 

 Historie (history): this dialog provides a side to side comparison of the overview for the 

current state of the contract with states from previous years. 

Each contract has a certain number of screens and each screen has a dialog type. Screen 

refers to the content shown on the screen after navigating to specific content of the LIS. 

Some of these dialogs have different screens showing different information depending on 

the year. For example, Konto Sumarisch has the summary for different years, so there would be 

at least one screen of dialog type Konto Sumarisch for each year for that contract. Each dialog 

can have one or several pages.  

The most common scenario would be one contract with approximately 250 screens. These 

screens would be divided (not evenly) between the eight different dialogs. Each screen would 

belong to a specific year and a page tied to that dialog. The screens have a variable number of 

fields defined by the dialog type of the screen. 

 

Figure 5.4: Data model for any contract in the system 

The LIS supports many different commands. Some commands allow access to the 

information contained in the system. Those commands are especially important as they provide 

the means for the navigation and extraction of all the relevant information contained in the LIS. 
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This task requires an exhaustive analysis of the features and navigation possibilities from 

the LIS. Meeting the customer provided very valuable information. Scheduling a live demo 

helped to identify many of the relevant commands and their effects on the LIS. 

Figure 5.5 shows the shapes used in the graphs of this document and the meaning of those 

shapes. Figure 5.6 shows the relevant commands available from the Darlehen specific Login 

screen and their effect on helping reach the Darlehensliste dialog. The Darlehensliste dialog is 

especially relevant as it is the first dialog that shows critical information that should be 

transferred to the new system.  

 

Figure 5.5: Meaning of the shapes used in the graphs of this document 

This navigation is possible through the Listauswahl dialog. The Listauswahl dialog is the 

main gate to specify a contract entity and reach all its dialogs. Figure 5.7 highlights specific 

commands that allow direct navigation from the Listauswahl dialog to the dialogs with the 

information. Listauswahl would lead to Darlehensliste (see Figure 5.6) if the contract entity 

was not specified or if there were multiple matches. 

In the case of multiple matches, the result would be Figure 5.8. Adding a number to the 

input (e.g.: KB01 would select the first row) specifies a certain screen for the selected dialog. In 

the example, KB points to Konto mit Buchunge. Figure 5.8 also covers the navigation between 

the information dialogs, this covers visiting all the relevant information from the LIS. 

Lastly, Figure 5.9 shows the RET and N commands which are available for any dialog. 

These are used to go back to the previous dialog. Going back to the previous dialog allows 

backtracking pivoting to the different dialogs for any contract. 



 
 

5 Results: Modernization of a legacy loan system in an insurance company 

67 

 

 

Figure 5.6: Navigation from Login to Darlehensliste 

 

Figure 5.7: Navigation from Listauswahl to other dialogs when direct access is possible 
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Figure 5.8: Navigation from Darlehensliste to the dialogs that contain relevant information 

 

Figure 5.9: Navigation from any dialog 
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 End of iteration 1 

The end of the first iteration comes after closing T1, T2 and T3. The conclusion of these tasks 

achieves the first specific goal. This iteration provided knowledge after analysing the LIS. The 

numerous artefacts obtained during this iteration are part of the recovered documentation and 

specification of the LIS. This documentation provides the information necessary to perform the 

complete navigation and extraction of the information in the Darlehen system. 

 Iteration 2: Preliminary extraction of information from the LIS 

The knowledge from the previous iteration allows the ContentExtractor to parse and extract the 

screens in the LIS. This iteration covers the first steps in the automatic navigation of the LIS 

with a ContentExtractor. The ContentExtractor uses a Screen Scraping strategy to obtain and 

store for future use all the information contained in the LIS. Table 5.2 provides an overview of 

the tasks performed in this iteration. 
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2 SG2 

T4 Automatically parse one screen from the LIS. 4 

T5 Store the information from the extracted screen. 1 

T6 Elaborate a list with the contract keys from the binaries of the LIS. 3 

T7 Extract one screen for every contract in a given set of contracts. 1 

Table 5.2: Task list for iteration 2 in descending order of priority 

 T4 – Automatically parse one screen from the LIS 

Parsing screens of a certain dialog type for the extraction requires defining the dialog structure. 

The selected screen for this task is the first screen reached for one specific contract, called 

Darlehensanzeige. 

Defining the structure of the dialog involves specifying the fields, the position of the fields 

on the screen and the data type of each field. Every field has a name depending on their label or 

perceived business role.  

This structure is modelled using a template with the characters that appear in every screen 

of that dialog. The template is complemented with a definition of the format and length of the 

fields with variable content. 
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Figure 5.10 shows the classes used to connect to the LIS from the ContentExtractor. Each 

ExtractionTask makes use of a ContentProvider that implements the specific ways to log in and 

send commands to the customer system. This structure allows reuse to adapt the system to the 

specifics of the different applications contained in the LIS. 

The implementation of this model considers a virtual user representing a regular user that 

uses the 3270 terminal to input commands and receive content to allow the extraction of content 

from the content provider. 

 

Figure 5.10: Connection to the 3270 terminal from the extractor 

 T5 – Store the information from the extracted screen 

Figure 5.11 shows the entity-relationship diagram that represents the storage of fields and 

screens in a relational database. The same diagram is valid for all systems in HistAuskunft 

motivated by homogeneity and reuse of models and tools. The screens entity has screenid as 

key and contains information about the entityid, dialog, subid, page and vondatum (date of 

extraction). The fields entity contains the screenid of the screen that contains that field, the 

index on the screen for that field and the value of the field. The index in fields refers to the 

position on the visual screen depending on the row and column of the field.  
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Figure 5.11: Entity-relationship diagram for storing screens and fields 

 T6 – Elaborate a list with the contract keys from the binaries of the LIS 

This task is one example of white-box modernization, which was explained in section 3.3 from 

chapter 3. The LIS contains the data encoded in binary files with the EBCDIC encoding 

targeted for Germany and Austria (IBM, 2016b). This data was exported from the system and 

analysed to obtain the contract keys. These contract keys identify a contract and are used as 

input in the LIS to access the different contracts. 

The result of this task is the complete list of all contracts that have to be included in the 

new system. The list contains 7,201 keys and each key identifies a contract. With 250 screens 

as a rough average for each contract, that would make an estimate of 1,800,250 screens that 

should be visited and extracted. 

 T7 – Extract one screen for every contract in a given set of contracts 

This task extends the extractor from extracting only one screen for one contract to visit different 

contracts. The first requirement is the contract list, so this task needs the results from T6.  

With the contract list from T6, this task covers the design and implementation of the 

mechanism that allows the extractor to iterate the different contracts. This process is 

represented in Figure 5.12 and explained in the following paragraph. 

The extractor navigates a real system as if it was a regular user. For that reason, after 

finishing with one contract, the extractor has to go back to an initial state. This initial state is the 

contract selection screen. From that screen, the extractor selects the next contract and visits and 

extracts it. The complete extraction process begins in the start screen, visits the screens to 

extract for that contract and then goes back to the start screen to extract the next contract. 
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Figure 5.12: Extracting several contracts 

 End of iteration 2 

This second iteration sets the basis for the extraction of content. The iteration stablished the 

necessary architecture to support logging in to the system and basic navigation to one screen. 

This navigation and extraction supports the whole navigate-parse-store process for one screen.  

The results from this iteration satisfy the second specific goal SG2. After this iteration, the 

ContentExtractor proved that the LIS can be navigated and it is possible to extract the 

information into a given database. Proving this to the customer proves the feasibility of the 

project, achieving trust and setting the guidelines for the future tasks. 

 Iteration 3: Complete extraction of information from the LIS 

This iteration covers the specific mechanisms that allow implementing all the knowledge from 

the first iteration into the ContentExtractor. Iteration 3 begins with a design of an optimal 

extraction strategy for the automatic extraction of information. Incorporating the strategy into 

the ContentExtractor allows the complete extraction. The iteration finishes with the productive 

extraction of the information contained in the LIS. Table 5.3 gives an overview of the tasks 

assigned to this iteration. 
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3 SG3 

T8 
Design an optimal extraction graph for the automatic extraction of 

information. 
2 

T9 
Navigate to, parse and persist the first page of the first year for all 

dialogs. 
3 

T10 
Include the first page for every year for each contract in the 

navigation, parsing and persistence process. 
2 

T11 
Include every page for every year for each contract in the 

navigation, parsing and persistence process. 
2 

T12 Include edge cases and exceptions in the extraction process. 3 

T13 Record every interaction with the LIS during the extraction. 1 

T14 Deploy the extractor and run the productive extraction. 2 

Table 5.3: Task list for iteration 3 in descending order of priority 

 T8 – Design an optimal extraction graph for the automatic extraction of 
information 

More than 90% of the time spent during the extraction corresponds to the input, output and 

communication operations of the LIS. These operations cover processing the input in the 

display terminal, the communication between the terminal and the mainframe through the VPN, 

the processing time in the mainframe and showing the output in the terminal. The rest of the 

time is spent in information processing tasks such as parsing the screens. 

With such unbalanced cost of time, the optimal extraction strategy focuses on reducing the 

calls to the mainframe and the screen navigation. Reducing the calls leads to reducing the time 

spent in the communication between the terminal and the mainframe. 

Figure 5.13 shows the optimal extraction graph devised for the automatic extraction of 

information from the LIS. This extraction graph is specially designed to reduce the interaction 

with the LIS. Some screens need to be visited twice due to the functionality of the LIS as not all 

screens are accessible from everywhere. For that reason, some screens appear in the path 

several times in order to reach unvisited screens. 

The implementation of this extraction graph allows the ContentExtractor to navigate the 

complete LIS extracting all the information in a timely manner. 

The customer reviewed the extraction graph and the graph was modified to include the 

customer’s feedback on what should be extracted and what should be left out. 
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Figure 5.13: Extraction graph 
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 T9 – Navigate to, parse and persist the first page of the first year for all 
dialogs 

The result of this task is a ContentExtractor able to reach the first page of each dialog for every 

contract. Future tasks involve further navigation details such as page or year iteration.  

Figure 5.14 shows the class diagram for the classes that support the extraction. Here the 

ExtractionTask makes use of a Data Access Object to store the extracted content. The Extractor 

runs ExtractionTask to recover the data from the LIS. This Extractor can use different 

strategies, allowing the extraction of different LIS. The diagram also shows the composition of 

different ExtractionStrategy. The ExtractionStrategy is supported by components such as 

ScreenProcessingCommands, DarlehenDialogs and HistAppDarlehen; these classes provide the 

model and structure of the system to extract.  

 

Figure 5.14: Class diagram covering the Darlehen extraction process 

 T10 – Include the first page for every year for each contract in the 
navigation, parsing and persistence process 

The dialogs that allow navigation between different years with the VJ command are three: 

Konto mit Buchunge, Konto Sumarisch and Konto mit Buchunge (Zinsen und Kosten). 

A crucial aspect of this extraction is identifying if the screen corresponds to the last year of 

the contract. The extractor needs to identify the last year to continue with the next extraction 
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steps. Each contract is different and could contain any year. For example, one contract could 

have Konto Sumarisch for years from 1990 to 1995 while a different contract could have years 

1999, 2003 and 2005. Failure to identify the last year of the visited contract results in the 

ContentExtractor stuck trying to get the next year for the most recent year of the visited 

contract. 

The main challenge is that not all dialogs show that the screen is the last year in the same 

way. And even for the same dialog, there are many exceptions. The model had to include these 

attributes. As an additional requirement, the new system should unify these characteristics 

providing the users with a more consistent way of showing information. 

 T11 – Include every page for every year for each contract in the navigation, 
parsing and persistence process 

Figure 5.15 shows the navigation graph for extracting all years and pages in Konto mit 

Buchunge. The entry dialog is Darlehensanzeige. Issuing the KB command leads to the most 

recent year in Konto mit Buchunge. The navigation uses the VJ command to show the previous 

year and NS to show the next page. The NS command is repeated until reaching the last page. 

When the last page is reached, the extractor uses VJ to navigate to the previous year and repeat 

the process. The extraction of the Konto mit Buchunge dialog finishes when the extractor 

reaches the last page of the oldest year.  

As consideration, some years could be skipped as not all years have contract changes. The 

extracted dialog is stored with a subid and page according to its position in KB. As an example: 

entityId: 500000000; subId: 01J1994 dialog: DKB and page: 1 would be the identifiers for the 

hypothetical first page of dialog Konto mit Buchunge for contract 500000000.01 from year 

1994. 

There are five dialogs that support having multiple pages and have to be visited for the 

extraction. Year navigation is applicable for three of them. 

As with visiting the years, identifying the last page is important. The extractor needs to 

identify the last page to stop issuing NS commands and to switch to the next extraction step. 

The identification of the last page depends on the dialog type and contains many exceptions as 

was the case with the last year. The new system will identify the last page for the user 

consistently across the different dialogs. 
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Figure 5.15: Navigating through years and pages in Konto mit Buchunge 

 T12 – Include edge cases and exceptions in the extraction process 

The extractor needs the definition of the dialogs to parse them correctly. On the other hand, 

there is no formal definition of the dialogs, so the definition was rebuilt from analysing the 

content in the screens. 

The different screens have similar structure but many dialogs have unused fields or fields 

that only have a value in some of the screens for that dialog. Those fields are hidden until they 

are discovered in a specific contract that has a value for them. After those fields are discovered, 

they are included in the dialog definition to allow extraction by the ContentExtractor.  

Other exceptions are not in content, but in functionality. For example, only one contract 

had more than one page in the Darlehensliste. The only way the extractor could include the 

navigation is manually going to that dialog and analyse how the LIS navigates through those 

pages. Locating the special cases is the first step in analysing and learning how to implement 

and extract those contracts.  

 T13 – Record every interaction with the LIS during the extraction 

Every command used by the extractor has to be logged to keep track of the interaction with the 

original system. This kind of record is defined by ISO/IEC 27000:2014 as “evidence of the 

results achieved” (ISO/IEC, 2014). These records are evidence of the activities and part of the 

documentation. These records can also be necessary to prove that the process complies with the 

regulatory requirements and laws. Records are also helpful to keep track of what is done and 

what is yet to be done.  
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Proper management of records is crucial to manage information and sharing the 

information and the status. Records are an important asset that brings evidence and traceability. 

For that reason, records are not only relevant for security; records also prove compliance with 

customer requirements and demonstrate the efficacy of the quality management in the company 

(ISO/IEC, 2015). 

This task covers reviewing the extractor to ensure that all commands and obtained results 

in the extraction are logged. Among other details, the record contains information about the 

connection status with the mainframe, the commands used, the effect on the mainframe, what is 

extracted, the database insertion results and information about the extraction progress. The 

record also contains how many screens have been extracted for which dialogs and contracts and 

the identifiers of those screens. 

 T14 – Deploy the extractor and run the productive extraction 

This task involves the deployment of the ContentExtractor and the execution of a productive 

extraction on the LIS to recover the real data. The productive extraction ran in parallel with the 

tasks from iteration 4 because the extraction was an automatic process that did not require 

human effort. 

The Darlehen system contained an unusually large number of screens per contract. The 

7,289 contracts contained 1,377,949 screens. The Darlehen system had 189 screens per contract 

on average which is much higher than the 74; 41 and 52 screens per contract contained in other 

systems extracted from the LIS. The extractor gathered a total of 85,267,186 fields, accounting 

for 62 fields per screen. 

The extraction time was close to 313 hours, which implied a performance of 23.2 contracts 

per hour or 4,390.2 screens per hour. Nevertheless, the extraction could not run during all day. 

Extraction was possible only during working hours: 6:15 to 19:30, Monday to Friday. For that 

reason, the extraction took six weeks despite requiring two weeks of actual extraction time.  

As expected with LIS, some contracts presented a slightly different structure. As an 

example, specific fields were present in less than ten screens out of a total of 1,377,949 screens. 

These exceptions where addressed in a case by case approach adapting the ContentExtractor to 

handle the new cases. 

The finalization of the extraction and the results prove that this extraction approach can 

recover a large volume of data from a LIS in a manageable time and cost. 
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 End of iteration 3 

The tasks performed in this iteration satisfied the specific goal SG3. These tasks were crucial 

for the complete extraction of information from the LIS. The application of the designed 

extraction strategy allows further progress in the project as this extracted information will be 

accessible by the new system built during iteration 4. 

Figure 5.16 shows a snapshot of the Kanban board used in this project illustrating the 

“done” state of some tasks related to iteration 3. The figure also highlights tasks related to 

iteration 4 that have a different status such as “waiting for input” or “work in progress”. 

 

Figure 5.16: Snapshot of the Kanban board after iteration 3 

 Iteration 4: Building the new system to access the recovered data 

This iteration covers the design and implementation of the new system that uses the data 

extracted from the LIS. The tasks aim to build the system, facilitate user interaction and 

integrate this new system with the existing systems in the infrastructure. Table 5.4 shows the 

tasks for this iteration. 
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4 SG4 

T15 
Implement all dialogs and navigation features in the new 

system. 
7 

T16 
Implement behaviour in response to forbidden interaction in the 

new system. 
3 

T17 
Integrate and allow navigation from and to the other systems in 

HistViewer. 
4 

Table 5.4: Task list for iteration 4 in descending order of priority 

 T15 – Implement all dialogs and navigation features in the new system 

Figure 5.17 shows the Darlehensanzeige dialog in the LIS (top) and the new system (bottom). 

Fields that could show personal data have been blurred. Notably, both systems have a very 

similar look to ease the transition from one system to the other for the users. There are a couple 

exceptions though, for example, the available commands hint is different. That is because along 

with the changes in the environment of the LIS through the years, some features are no longer 

relevant for the business of the customer. Those features were not included in the new system. 

This task reuses the structure of dialogs defined in previous tasks and includes the reads 

from the database. This task also covers the logic behind the filtering and navigation through 

the system.  

Examples of this navigation are the usage of commands like next/previous year, 

next/previous page, navigating from Darlehensanzeige to Kontosumarisch or showing a 

specific Anzeigebuchung screen. Appendix A: Simplified HistViewer Darlehen user manual 

contains further information about the navigation in the new system. 
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Figure 5.17: LIS (top) compared to the new system (bottom) 
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 T16 – Implement behaviour in response to forbidden interaction in the new 
system 

The system has to provide feedback to the user’s interaction, even when the actions are not 

supported by the system. Any field that contains invalid input is marked in red to provide the 

user with visual feedback. The cursor is also automatically placed on that field to help the user 

amend the field value. The following list shows some sample error messages and the situations 

that trigger them: 

 Ungüeltige Eingabe <input>. Literally means “invalid input” in German. This is the 

default error message for invalid input. The message is accompanied by the user input to 

indicate which input raised the error. 

 Letztes Buchungsjahr: Last year. This error is raised after reaching the last year and 

trying to go further in the past.  

 Keine Daten für Nummer: No data for number. The system shows this message when 

the Nummer field contains a contract number for which there is no data. 

As a difference with the LIS, the errors shown by the new system have been homogenised. 

The LIS had different messages for the same situation in different dialogs. Equivalent situations 

now show the same error message. For example, trying to reach the next page after reaching the 

last page shows the same message in all dialogs. 

 T17 – Integrate and allow navigation from and to the other systems in 
HistViewer 

The Darlehen system has to coexist in an application that provides access to four (more 

currently in development) additional systems. The LIS has Darlehen as a different system with 

its own access control instead. However, the users preferred if the new system did not include 

this nuisance and helped them switch between systems more easily. After all, the different 

systems show different, but related information about the different contracts.  

The new technologies used in this replacement project, (e.g.: WebSphere Liberty 

integration, a common relational database or the spring framework), allow global access to the 

users that was not possible in the LIS. The user access to the different parts is managed by 

providing different user roles, allowing for a unified login that also avoids repetitive or 

redundant actions for the users.  

Integrating all systems in the same application makes the user interaction easier and 
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reduces time and overhead from the different logins and intermediate screens to access the 

contents of each system.  

 End of iteration 4 

The result from this iteration is a new system that can replace the LIS. This new system can 

access the content extracted from the LIS and provides the same functionality. By the end of 

this iteration, the new system can access the information previously contained in the LIS. The 

LIS is no longer necessary, so the retirement will be possible after the validation of results 

performed in the next and final iteration. 

 Final iteration: Validation of results 

This final iteration involves validating the results obtained in the previous iterations. The tasks 

in this iteration are related to quality assurance and polish of the end product. The success of 

this iteration finally leads to the success of the whole project.  

This success enables the retirement of the LIS in favour of a new system. The new system 

provides the customer with a more effective solution that avoids the higher costs of the LIS. 

Table 5.5 presents the tasks assigned to this final iteration. 
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Final SG5 

T18 Analyse and improve code quality. 2 

T19 Validation of results with acceptance tests. 4 

T20 Close all remaining issues from the user test reports. 4 

Table 5.5: Task list for the final iteration in descending order of priority 

 T18 – Analyse and improve code quality 

Table 5.6 compares the sizes of the whole HistAuskunft codebase and the specific code for 

Darlehen. The table shows the number of lines of code, statements and modules and provides 

the percentage of Darlehen in HistAuskunft.  

The numbers in Table 5.6 show that the code specific to Darlehen is small compared to 

HistAuskunft’s codebase. This proves that there is much code that can be reused between 

systems with this approach. Thus, allowing the project team to focus on analysis and 

information extraction tasks instead. 
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The development of this project provided insight to HistAuskunft as a whole, allowing 

better parametrization to enable more flexible approaches for additional systems. 

 LoC Statements Modules 

HistAuskunft 58,179 32,320 601 

Darlehen 2,564 1,478 23 

% 4.41% 4.57% 3.83% 

Table 5.6: Size of Darlehen specific code compared to HistAuskunft's whole codebase 

After analysing for clones and actively getting rid of them, the number of clones was 

drastically reduced. Figure 5.18 shows an image from the ConQAT tool used to identify clones 

and measure redundancy-free code. The tool identifies a 6.56% of clones, which is in an 

acceptable range. Furthermore, the necessary architecture to reduce the clones to zero would 

increase the cost of the project and probably include additional complexity. 

 

Figure 5.18: Redundancy free code in Darlehen (93.44%) 

Figure 5.19, provided by the ConQAT tool, shows the relative size of the modules 

compared with each other and the clones in each module. All modules are completely clone free 

except for two modules that contain two and three clone units respectively. 
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Figure 5.19: Relative module sizes and clone analysis 

Following the analysis and active action taken to enhance the code quality, the code 

compiles without errors or warnings. Additionally, the FindBugs tool (University of Maryland, 

2016) does not find any potential bug in the code. The source code analysis PMD (PMD, 2016) 

tool provided insight during the development of the project and this analysis. All blocker or 

critical violations identified in the source code were solved. 

 T19 – Validation of results with acceptance tests 

In this project the acceptance tests are led by the person with the most knowledge about the 

vision of the project from the client side (the Product Owner in Agile terms). This person is 

supported by experts among the end users of the system. In these acceptance tests, the new 

system had to prove its suitability for the satisfaction of user needs, requirements and the 

related business processes. 

These experts have been working for many years with the LIS and they have the 

knowledge about what to expect from this new system. Many of these experts also have 

technical knowledge and use different criteria to decide whether the project is apt for the 

business needs of the company. In these tests, the experts judge the operation, qualities and 

behaviour of the end system. 
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The acceptance tests included the usage of the new system for the daily operations of the 

end users and comparison side by side against the LIS. The experts also valuated the 

performance of the new system during the work day supporting several users at the same time. 

The result was satisfactory and the new system passed the acceptance tests. These tests 

highlighted the suitability of the new system and the integration with the existing systems. All 

complementary requests were registered in user test reports to be closed in the next task. 

As conclusion from this task, the frequent meetings with the customer facilitated the 

convergence of the end result with the business needs of the client. 

 T20 – Close all remaining items from the user test reports 

This task involves closing all issues discovered from the user tests. The resulting software 

product evolved according to the end users reports. User feedback allowed changes and 

solutions that proved to be more usable. Non-technical users also helped find defects because 

their background allows them to focus more on the business aspects of the application.  

User tests on the new system validate the replacement. The users are a crucial part on 

deciding whether the new system can really take the place of the LIS. The LIS can be retired 

after the users confirm that the new system covers the required features.  

These user test reports also helped the customer and the team discover new requirements 

not considered at the beginning. If the application did not include functionality that the users 

expected, the users would create a new report. Examples of these reports are:  

 After an error related to invalid input, place the cursor in the field that raised the error. 

This helps the user locate the error and automatizes the action of moving to the 

conflicting field. 

 Loading the Darlehensliste dialog without filtering by contract number took too long. A 

possible solution was the optimization of the queries used to build the dialog. 

Nevertheless, the customer asserted that this feature for the Darlehensliste dialog was not 

relevant and should not be included in the new system. 

The closure of all user test reports led to a polished product that was ready for the usage in 

a productive environment. The users helped building a system that satisfies the business needs 

of the company and supports them in their daily work. 
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 End of the final iteration 

The result achieved in this final iteration is a new system that satisfies all the specific goals. The 

end of this final iteration is marked by the final acceptance of the new system by the customer. 

 Challenges 

This section explains the most relevant challenges faced during this replacement project. Most 

of these challenges are expected in the replacement of LIS. Such challenges are strongly related 

to the long lives of LIS, their obsolete technology and the increased difficulty for maintenance 

tasks or extraction of knowledge. 

 Ch1. Obscuration 

Commands and acronyms shown by the LIS are not intuitive on what they do. Furthermore, 

there is no useful documentation about the system and the source code was lost. The 

limitations of the technology, like the size of the terminal screen, further complicate the 

usage of the LIS. For that reason, many features are obscure or hidden. Additionally, there 

are many edge cases and exceptions in the dialog structure or for specific contracts. 

The available commands list provided by the LIS does not show all commands. The 

behaviour of those commands is also undefined as they are not documented. Furthermore, 

some functionality was unknown by the users, usually because such functionality became 

irrelevant or was lost during the decades of life of the LIS. 

The same command can have different results depending on where it was used. Different 

dialogs respond in different way to the same input commands. As an example, the error 

messages shown by the system depend on the dialog that shows them. Error messages are 

not homogeneous and equivalent error messages can appear with different wording or letter 

case. The ContentExtractor needs to recognize these different situations and apply 

consistent actions.  

 Ch2. Obsolescence 

The LIS has parallelization issues and information is not always available. The extraction 

needs a mechanism to recognize such errors and learn how to treat them to avoid 

inconsistent content as result of the extraction. Related to this, response times from the 

mainframe are a very significant bottleneck in the extraction.  

These response times and the network communication account for more than 90 % of the 
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extraction time. This challenge dictates that avoiding unnecessary interaction with the 

mainframe is a high priority. The goal is to visit every relevant screen only once, avoiding 

unnecessary visits. Nevertheless, some repeated visits are required, reducing the 

performance of the extraction compared to the ideal. As an example, the LIS only identifies 

a page as last page with a further attempt to navigate to the next page. When the 

ContentExtractor is in the last page, another NS command is needed to reveal that the 

current page was the last one. This requires two calls for only one screen which is visited 

twice.  

 Ch3. Heterogeneity 

The other systems in HistViewer have their own business rules and formats. For this 

reason, the integration and navigation between different systems requires special care. In 

the new system, the database uses the same structure for the different systems. This 

requires additional thought so that the particularities of each system fit in the database 

structure. Still, the same structure simplifies the overall architecture of the systems. 

Integrating with other systems also presents a challenge as the other systems use different 

rules, elements or formats for the identifiers. 

 Ch4. Unavailability 

The extraction of content from the LIS is not always possible. The LIS is available for 

interaction only in work days during office hours. This limits the effective extraction time 

and requires the extraction to be robust and recover from errors. Another element to 

consider is to not interfere in other tasks of the system. Examples of those tasks are batch 

jobs crucial for the business of the organization. Additionally, the LIS is still used by the 

users and the extraction should not interfere with the performance of the system during the 

usage for business processes. 

 Ch5. Internationalization 

Language is an additional challenge. The whole customer infrastructure and the new 

system are in German as the users are native German speakers. Communication with the 

customer was also mostly in German. 
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6. CONCLUSIONS AND PROPOSALS 

This chapter begins with the goal achievement analysis in the project closure. The second 

section presents the conclusions obtained from the project. The chapter continues with 

possibilities for future work. The end of the chapter comes with the personal opinion about the 

project. 

 Goal achievement 

The goal of this project is, as identified in chapter 2, to define and implement a systematic 

technique to extract screen information from a legacy mainframe system and recreate the 

screens and their information with modern technologies in a new system. 

The project goal was divided in specific goals. Satisfying those specific goals grants the 

achievement of the project goal. The specific goals were satisfied after closing their assigned 

tasks identified in the project plan. The satisfaction of the specific goals and the project goal 

provided tangible results with business value for the customer. Table 6.1 provides the 

justification for the achievement of the specific goals. 

SG id Achievement justification 

SG1 

The recovery of the lost documentation and the discovery of information about the 

LIS provide the required knowledge about the relevant functionality and 

navigation possibilities in the LIS. This documentation also provides the customer 

with additional information about their LIS. 

SG2 

The resulting proof of concept after designing the architecture and implementing 

the basic extraction mechanisms can process a screen and persist the obtained 

information for a set of insurance contracts. Additionally, this proof of concept 

increases the customer trust. The base structure of the system proves that the 

project is feasible and supports the following tasks.  

SG3 

The design of an optimal extraction strategy and its implementation cover the 

complete recovery of information from the LIS. Obtaining a database with current 

technologies and all the information extracted from the LIS completes the 

satisfaction of this specific goal. This way, the LIS is no longer indispensable to 

access the business information. 
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SG4 

The design and implementation of this new system provides the customer with the 

mechanisms that enable access to the extracted information from the LIS. The new 

system allows the user access to the business information in a simple way. The 

user can interact with the new system in a similar way they did with the LIS, 

reducing the effort required for training and adaptation. 

SG5 

This specific goal is satisfied after achieving the last step stablishing trust in the 

new system. The validation of the results proves that the new system can 

successfully replace the LIS. Hence, the retirement of the LIS is possible, 

providing large economical savings to the customer, simplifying and modernizing 

their technical infrastructure. 

Table 6.1: Goal achievement and justification 

 Project conclusions 

This project presents the application of a Screen Scraping strategy aiming for the migration of a 

legacy mainframe system. In the case of this project, the Darlehen / loan system was replaced 

successfully by a new system with equivalent functionality. 

The modernization or migration of LIS is increasingly more desirable as the maintenance 

of legacy systems is more difficult as the system grows older. 

The black-box approach used in the migration of LIS in this project provided several 

advantages. The following are the most relevant: 

 There is no need to manage or rewrite exiting code, COBOL in this case. This reduces 

greatly the risks and the high costs associated to finding staff qualified in these 

technologies. Nevertheless, staff able to operate a mainframe and hierarchical databases 

was still needed to identify the existing data structure. 

 The black-box approach requires much less business knowledge. A white-box approach 

would require more knowledge of the internal structure of the system and the business 

transactions and interactions. The black-box approach avoids risks related to the lack of 

people with knowledge about the business logic. It is relevant to consider this risk 

because very few people in a given organization have a broad knowledge of systems 

with several decades of age. 

Furthermore, the automated extraction process presented in this project provides a reliable 

approach that is traceable and auditable to ensure that personal data is properly managed. The 
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resulting logs and records document the operations on the data. 

The project satisfies the needs of the customer related to accessing the information 

contained in the system the customer wants to retire. The project also satisfies a legal 

requirement, as the law also requires keeping the information of the contracts for a certain 

amount of time (Bundesministerium der Finanzen, 2014). 

Apart from continuous communication with the customer during the project, there were 

five main meetings in the customer headquarters. These meetings were especially useful to keep 

the course of the project on the right track. 

A general pattern of these meetings was presenting the most recent results, identifying the 

next targets and the necessary details. The meetings also served to obtain new information from 

the customer, especially from the users, who shared their points of view several times. These 

contributions from the customer provided great value to enable that the final product really 

satisfies the business needs. 

 Further work 

This project is in the context of a bigger ongoing project. As such, there is future work in the 

integration with other modules that are still in development. These are the most remarkable 

future lines of work: 

 To integrate the access control system that allows access to different contents of the 

Darlehen system depending on certain parameters about the users and contracts. 

 To integrate with the rest of currently developed and still in development systems in the 

HistAuskunft project. Ensure that the system remains in valid states when the user 

accesses common areas and navigates from one system to another. 

 Extract additional contracts depending on different criteria. The extracted contracts from 

the LIS during this project were those described as necessary by the customer. The 

definition of additional criteria will make necessary the extraction of additional 

contracts. These new contracts will most probably present new irregularities or 

exceptions. Support of those exceptions requires adaptation of the extraction tool and 

the functionality of the new system. 

 It is very important that the information contained in the new system is exactly the same 

as in the original system. This need will be satisfied with the inclusion of the Darlehen 
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system in a tool that allows the verification of the migration (Flores-Ruiz, 2016). Such 

tool works comparing the information from one system with another screen to screen. 

 Contribute to the maintenance of this solution to make it more generic, enabling its 

application to different systems in other environments and customers. 

 Personal opinion 

The performance of a TFM in an industrial context allows the observation of aspects more 

focused to the customer. The main strength of this TFM is that it provides value to a real 

customer, willing to spend resources to obtain a benefit in their business. At the same time, the 

author can learn how to tackle a project from a practical point of view with the goal of 

convergence with the business needs. 

This project is a proof of the importance of information because an organization is willing 

to invest resources to not lose decades-old information. The project also highlights how 

regulations related to the protection of data affect the infrastructure and strategic decisions in an 

organization. 

Another relevant aspect in this project is the importance of decision making regarding 

critical systems. A good or bad system can stay in a given organization for several decades. The 

quality of this system affects the manoeuvrability of the organization in the future. The 

acquisition of these critical systems has strong effects in the very long term, in the order of 

decades. For that reason, this acquisition is a very important strategic decision. 

It is necessary to find a balance between the maintainability of the system, the cost, how 

long it will be useful for the organization and the implications of its future retirement and 

probable replacement. The acquisition of a very expensive system with a view to the future 

might be unmanageable in time and cost, so it is important to find a compromise focusing on 

what is really important. 

Lastly, this project was useful for the acquisition of competences by the master’s degree 

student. Mainly, the student worked in contact with a real customer, training communication 

skills to build trust. At the same time, identifying the relevant aspects in a sizeable project was 

relevant to communicate the status and directions of the project. 

This continuous contact with a real customer also showed the main concerns of a customer 

for a software product and the effect of the retirement or expectations in the very long term. 
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6. CONCLUSIONES Y PROPUESTAS 

Este capítulo comienza con el análisis de consecución de objetivos en la finalización del 

proyecto. La segunda sección presenta las conclusiones del proyecto. El capítulo continúa 

planteando propuestas de mejora y posibles líneas de trabajo futuro. El final del capítulo 

concluye con la valoración y opinión personal sobre el proyecto. 

 Consecución de objetivos 

El objetivo del proyecto es definir e implementar una técnica sistemática para extraer 

información mostrada en las pantallas de un sistema mainframe heredado y recrear las 

pantallas y su información en un nuevo sistema con tecnologías actuales.  

El objetivo del proyecto fue dividido en objetivos específicos. Satisfacer los objetivos 

específicos satisface el objetivo del proyecto. Los objetivos específicos quedaron satisfechos 

tras cerrar sus tareas asignadas identificadas en el plan de proyecto. La consecución de los 

objetivos específicos y el objetivo del proyecto proporcionó resultados tangibles con valor de 

negocio para el cliente. La Tabla 6.1 justifica la consecución de los objetivos específicos. 

SG id Justificación de su consecución 

SG1 

La reconstrucción de la documentación perdida y el descubrimiento de información 

sobre el SIH proporcionan el conocimiento necesario sobre la funcionalidad y las 

posibilidades de navegación del SIH. Esta documentación también proporciona al 

cliente conocimiento adicional sobre su SIH. 

SG2 

La prueba de concepto resultante tras diseñar la arquitectura e implementar los 

mecanismos básicos de extracción puede procesar una pantalla y persistir la 

información obtenida de un conjunto de contratos. Además, esta prueba de concepto 

incrementa la confianza del cliente. La estructura base del sistema demuestra que el 

proyecto es conseguible y sirve de guía para las posteriores tareas identificadas. 

SG3 

El diseño de la estrategia óptima de extracción de información y su implementación 

cubren la recuperación completa de la información del SIH. La consecución de este 

objetivo culmina con la obtención de una base de datos con tecnologías actuales que 

contiene toda la información recuperada del SIH. De esta forma, el SIH deja de ser 

imprescindible para acceder a la información de negocio. 
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SG4 

El diseño y la implementación del nuevo sistema proporcionan al cliente mecanismos 

adecuados de acceso a la información rescatada del SIH. El nuevo sistema a los 

usuarios acceder a la información de negocio de forma sencilla. Los usuarios pueden 

interactuar con el nuevo sistema como hacían con el SIH, esto reduce el esfuerzo 

necesario para formación y adaptación. 

SG5 

Este objetivo específico queda satisfecho tras superar el último paso en la construcción 

de confianza en el nuevo sistema. La validación de los resultados demuestra que el 

nuevo sistema es capaz de reemplazar con éxito al SIH. Por lo tanto, la retirada del SIH 

es posible, consiguiendo un gran ahorro económico para el cliente, simplificando y 

modernizando su infraestructura tecnológica. 

Tabla 6.1: Consecución de objetivos y justificación 

 Conclusiones del proyecto 

Este proyecto presenta la aplicación de una estrategia de Screen Scraping con el objetivo de 

migrar un sistema mainframe heredado. En el caso de este proyecto, el sistema heredado 

Darlehen (empréstitos) ha sido reemplazado con éxito por un nuevo sistema con funcionalidad 

equivalente. 

La modernización o migración de SIH es cada vez más deseable pues el mantenimiento de 

sistemas heredados es incrementalmente más difícil con el envejecimiento del sistema. 

El enfoque de caja negra utilizado en la migración de SIH de este proyecto proporcionó 

diferentes ventajas. Entre esas ventajas destacan las siguientes: 

 No hay necesidad de gestionar o reescribir código existente, COBOL en este caso. Esto 

reduce enormemente el riesgo y los altos costes de encontrar personal cualificado en 

estas tecnologías. No obstante, sí que es necesario personal capaz de operar un 

mainframe y bases de datos jerárquicas para identificar la estructura de los datos. 

 El enfoque de caja negra requiere mucho menor conocimiento del negocio. Un enfoque 

de caja blanca necesita mayor conocimiento de la estructura interna del sistema y sus 

transacciones de negocio e interacciones. El enfoque de caja negra evita los riesgos 

relacionados con la ausencia de personas con conocimiento de la lógica de negocio. Es 

importante considerar este riesgo, pues muy pocas personas en una organización tienen 

conocimiento extenso de sistemas con varias décadas de antigüedad. 

El proyecto satisface la necesidad del cliente de acceder a la información de los sistemas 
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que desea retirar. No obstante, también satisface una exigencia legal, pues la ley obliga a 

mantener la información de este tipo de contratos (Bundesministerium der Finanzen, 2014). 

Además de la comunicación continua con el cliente durante el desarrollo del proyecto, 

hubo cinco reuniones principales en la sede del cliente. Estas reuniones fueron especialmente 

útiles para mantener el curso del proyecto en el buen camino.  

Un patrón general de estas reuniones era la presentación de los últimos resultados 

obtenidos, la identificación de los próximos objetivos y las aclaraciones necesarias. Las 

reuniones también servían para adquirir nueva información del cliente y especialmente a través 

de los usuarios, quienes manifestaron sus puntos de vista en varias ocasiones. Estas 

aportaciones del cliente tuvieron gran utilidad facilitando que el producto final realmente 

cumpliera las necesidades del negocio. 

 Líneas futuras 

Este proyecto forma parte del contexto de un proyecto mayor actualmente en desarrollo. Como 

tal, las líneas futuras están influenciadas por otros módulos del proyecto mayor que todavía 

están en desarrollo. Las líneas futuras más destacables son: 

 Integrar el sistema de control de acceso que permite el acceso a diferentes contenidos 

del sistema Darlehen dependiendo de ciertos parámetros de los usuarios y los contratos. 

 Integrar el sistema con el resto de sistemas desarrollados o aún en desarrollo del 

proyecto HistAuskunft. Asegurar que el sistema permanece en estados válidos durante el 

acceso y navegación a áreas comunes o de un sistema a otro. 

 Extraer contratos adicionales en función de diferentes criterios. Los contratos extraídos 

del SIH durante este proyecto eran aquellos que el cliente describió como necesarios 

actualmente. Tras la definición de otros criterios, será necesario extraer contratos 

adicionales. Estos nuevos contratos pueden presentar nuevas irregularidades o 

excepciones. El soporte de tales excepciones requiere la adaptación de la herramienta de 

extracción y del funcionamiento del nuevo sistema. 

 Es muy importante que la información contenida en el nuevo sistema sea exactamente la 

misma que contenía el sistema anterior. Esta necesidad quedará cubierta con el soporte 

al sistema Darlehen de una herramienta que permite la verificación de la migración 

(Flores-Ruiz, 2016). Tal herramienta funciona comparando la información de un sistema 

respecto a otro sistema pantalla a pantalla. 
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 Contribuir al mantenimiento de esta solución haciéndola más genérica, potenciando su 

aplicación a sistemas diferentes en otros entornos y clientes.  

 Valoración y opinión personal 

Realizar el TFM en un entorno industrial permite observar aspectos más enfocados al cliente. El 

principal fuerte de este TFM es que aporta valor a un cliente real, dispuesto a invertir recursos 

para obtener un beneficio en su negocio. Al mismo tiempo, el autor puede experimentar la 

acometida a un proyecto desde el punto de vista práctico con el objetivo de converger con 

necesidades de negocio. 

Este proyecto es una prueba de la importancia de la información, pues una organización 

está dispuesta a invertir recursos para no perder información con décadas de antigüedad. 

También pone de manifiesto el efecto de leyes relacionadas con la protección de datos en la 

infraestructura y las decisiones estratégicas de una organización. 

Otro de los aspectos más relevantes de este proyecto es la importancia de la toma de 

decisiones respecto a sistemas críticos. Un buen o mal sistema puede permanecer en una 

organización por varias décadas. Lo bueno que sea ese sistema afectará a la capacidad de 

maniobra de la organización en el futuro. La adquisición de estos sistemas críticos suele tener 

efectos a muy largo plazo, en el orden de las décadas, por lo que es una decisión estratégica 

muy importante. Un paso en falso puede hipotecar el futuro de una organización.  

Es muy importante buscar un equilibrio que tenga en cuenta la mantenibilidad del sistema, 

su coste, cuánto tiempo podrá ser útil a la organización y las implicaciones de su futura retirada 

y quizá reemplazo. La adquisición de un sistema muy caro con vistas a futuro puede ser 

inafrontable en tiempo y coste, por lo que es importante encontrar un compromiso centrándose 

en lo realmente importante. 

Por último, este proyecto ha sido de utilidad para la adquisición de competencias por parte 

del estudiante de máster. Principalmente, el estudiante de máster ha podido trabajar en contacto 

con un cliente real, entrenando sus capacidades comunicativas para construir confianza. Al 

mismo tiempo, identificar los aspectos importantes en un gran proyecto ha sido relevante para 

poder transmitir y comunicar la situación y el curso del proyecto. 

Este contacto continuo con un cliente real ha enseñado las principales preocupaciones de 

un cliente por un producto software y el efecto que tiene la retirada o adquisición de sistemas de 

información con expectativas a muy largo plazo.  
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APPENDIX A: SIMPLIFIED HISTVIEWER DARLEHEN USER MANUAL 

This appendix presents a simplified Darlehen user manual identifying the dialogs, the most 

relevant input commands available and their effect on the system. 

Any dialog: 

 TC <tc> | <tc> in darlehen input → go to that TC (e.g.: H00, L02...). 

Any input that is not allowed will underline the offending field, color it in red, place the 

cursor there and show the error message "UNGÜLTIGE EINGABE <input>" in Fehlermeldung. 

H00: 

 D30 → Darlehen ListAuswahl. 

ListAuswahl: 

 NR → DarlehensListe. 

 NR + Nummer:<VTNR|VSNR> → DarlehensAnzeige for that VTNR or VSNR. 

 If VTNR|VSNR has several entries (several DarlSuffix for that VTNR|VSNR), HV will 

show all entries in a filtered DarlehensListe. 

   

 NR + Nummer:<VTNR|VSNR> + UD:<UD> → DarlehensAnzeige for that VTNR or 

VSNR with that UD suffix. 

 NRKB|NRKC|NRKS + Nummer:<VTNR|VSNR> → Konto mit Buchunge|Konto mit 

Buchunge (C)|Konto Sumarisch for that VTNR or VSNR. 

 If VTNR|VSNR has several entries (several DarlSuffix for that VTNR|VSNR), HV will 

show all of them in a filtered DarlehensListe. 

   

 NRKB|NRKC|NRKS + Nummer:<VTNR|VSNR> + UD:<UD> → Konto mit 

Buchunge|Konto mit Buchunge (C)|Konto Sumarisch for that VTNR or VSNR with that 

UD suffix. 

 RET → H00. 

DarlehensListe: 

 RET → ListAuswahl. 

 F7|VS, F8|NS → previous page, next page: Fehlermeldung "E R S T E Seite"/"L E T Z 

T E   Seite" if applicable. 
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 AXX → DarlehensAnzeige for that row (A01 would give DarlehensAnzeige for the first 

entry in the screen). 

 KBXX, KCXX, KSXX → Konto mit Buchunge, Konto mit Buchunge(C) and Konto 

Sumarisch for that row (KS02 would give Konto Sumarisch for the second entry in the 

screen). 

 RET → Last DarlehensListe visited. 

DarlehensAnzeige: 

 NA,VA → next/previous Anzeige. e.g.: from 502769272.01, NA would show 

502769272.02. As a difference with the original system, NA, VA iterate within the same 

VTNR. 

 KB, KC, KS → Konto mit Buchunge, Konto mit Buchunge (C), Konto Sumarisch for 

that VTNR and darlSuffix. 

 HST → Historie. 

 RET → Last DarlehensListe visited. 

Historie: 

 F7|VS, F8|NS → previous page, next page: Fehlermeldung "E R S T E Seite"/"L E T Z 

T E   Seite" if applicable. 

 A → DarlehensAnzeige for that VTNR and darlSuffix. 

 KB, KC, KS → Konto mit Buchunge, Konto mit Buchunge (C), Konto Sumarisch for 

that VTNR and darlSuffix. 

 RET → Last DarlehensListe visited. 

Konto mit Buchunge: 

 NA|VA → next/previous Anzeige. e.g.: from 502769272.01, NA would show 

502769272.02. As a difference with the original system, NA, VA iterate within the same 

VTNR. 

 F7|VS, F8|NS → previous page, next page: Fehlermeldung "E R S T E Seite"/"L E T Z 

T E   Seite" if applicable. 

 NJ|VJ → next year, previous year: Fehlermeldung "ältestes Buchungsjahr"/"letztes 
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Buchungsjahr" if applicable. 

 A, DA → DarlehensAnzeige for that VTNR and darlSuffix. 

 KC, KS → Konto mit Buchunge (C), Konto Sumarisch for that VTNR, darlSuffix and 

year. 

 RET → Last DarlehensListe visited. 

Konto mit Buchunge (C): 

 NA|VA → next/previous Anzeige. e.g.: from 502769272.01, NA would show 

502769272.02. As a difference with the original system, NA, VA iterate within the same 

VTNR. 

 F7|VS, F8|NS → previous page, next page: Fehlermeldung "E R S T E Seite"/"L E T Z 

T E   Seite" if applicable. 

 NJ|VJ → next year, previous year: Fehlermeldung "ältestes Buchungsjahr"/"letztes 

Buchungsjahr" if applicable. 

 BAXXX → BuchungsAnzeige for that VTNR, darlSuffix, year and K-BuNr. 

 A, DA → DarlehensAnzeige for that VTNR and darlSuffix. 

 KB, KS → Konto mit Buchunge, Konto Sumarisch for that VTNR, darlSuffix and year. 

 RET → Last DarlehensListe visited. 

Konto Sumarisch: 

 NA|VA → next/previous Anzeige. e.g.: from 502769272.01, NA would show 

502769272.02. As a difference with the original system, NA, VA iterate within the same 

VTNR. 

 F7|VS, F8|NS → previous page, next page: Fehlermeldung "E R S T E Seite"/"L E T Z 

T E   Seite" if applicable. 

 NJ|VJ → next year, previous year: Fehlermeldung "ältestes Buchungsjahr"/"letztes 

Buchungsjahr" if applicable. 

 A, DA → DarlehensAnzeige for that VTNR and darlSuffix. 

 KB, KC → Konto mit Buchunge, Konto mit Buchunge (C) for that VTNR, darlSuffix 

and year. 
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 RET → Last DarlehensListe visited. 

BuchungsAnzeige: 

 A, DA → DarlehensAnzeige for that VTNR and darlSuffix. 

 KB, KC, KS → Konto mit Buchunge, Konto mit Buchunge (C), Konto Sumarisch for 

that VTNR and darlSuffix. 

 RET → Konto mit Buchunge (C). 
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APPENDIX B: GERMAN REGULATION AFFECTING THIS PROJECT 

The Grundsätze zur ordnungsmäßigen Führung und Aufbewahrung von Büchern, 

Aufzeichnungen und Unterlagen in elektronischer Form sowie zum Datenzugriff (GoBD) 

(Bundesministerium der Finanzen, 2014) contains the principles for properly maintaining and 

storing books, records and documents in electronic form and for data access. 

These principles, issued by the German Federal Ministry of Finance define data protection 

regulations. The new system that replaces the LIS must comply with the data protection 

regulations defined in the GoBD. This appendix highlights the content of the sections that are 

most relevant for this work. 

Section 129 specifies that the transformation or moving of information from one place to 

another cannot lead to the reduction of the information stored. Format change is possible only if 

the evaluation and content of that information is not modified. 

Section 142 covers the replacement of a system in situations such as the retirement of a 

legacy system or data migration. This section also covers the modification or update of a system. 

The evaluation and storage duty of the data, metadata, master data, transaction data and the 

relationships must be observable by the law enforcement agency. This also applies to new 

systems, new databases, file systems or other systems. 

After a data migration, the format of the data can be modified. Nevertheless, no 

modification of the data content is allowed. Any modification has to be documented. 

In case of having a new system, the new system must be quantitative and qualitative the 

same. The evaluation and storage duty of the records is the same as if the data was still in the 

productive system. 

Section 150 details that a meaningful and current documentation of the process is needed. 

The documentation also must contain all changes made to the information system. 

Section 151 indicates that there must be clearly structured process documentation for each 

system. The results of the process must be evident for the content, structure and procedure.  

The scope of the documentation required in each individual case depends on what is 

necessary to understand the process, the record and the documents contained in the system. 

 This process documentation must be understandable and verifiable for experts. The 
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specific arrangement of the process documentation depends on the complexity, diversity of the 

business activity, organization structure and use of the system. 

Section 152 also covers the documentation of the process. This documentation should 

describe the whole process with the organizational and technical details. As an example, the 

documentation should include the generation of the information, the storage, how to access the 

data and the protection measures against data loss, modification or unauthorized access. 

Section 153 further specifies that the process documentation should be a general 

description, user documentation, and technical documentation of the system while also serving 

as business documentation. 
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