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Abstract. Many existing medical systems are good candidates for improvement via incremental migration. The incremental software improvement is much more difficult if the system consists of independent functional modules built with different technologies. The goal of this paper is to present architecture migration aspects of contemporary telemedical systems. The paper discusses two approaches: Software Architecture Analysis Method, and Architecture Tradeoff Analysis Method in context of migration of the medical teleconsultation system Konsul. The system, designed and implemented under KCT activity, is in very successful every day exploitation in John Paul 2nd Hospital in Krakow despite many existing drawbacks in its internal architecture.

Paper presents SAAM method of analysis of the legacy system. Two architectures are proposed as a result of the analysis – one based on the migration of the existing architecture, the other built according to the state-of-the-art Service Oriented Architecture.

Konsul II, implementing migration approach, has been already developed whereas Konsul III is in the project phase. The paper concludes with remarks about migration of telemedical systems.

Introduction

Software architectures and styles of programming of computer systems continuously change. Important questions arise: how to modernize existing systems to keep up with new trends? How to assure cooperation between new and legacy components?

Medical systems are good candidates for discussion about architectural migrations. They are usually mission-critical applications with high requirements regarding, among others, security and availability. Therefore, they demand efficient software architectures.

The goal of this paper is to present architectural migration aspects of contemporary telemedical systems. The migration should be preceded by a detailed analysis of existing and designed systems. A good way to assess the existing software is to use a software architecture evaluation process. Software Architecture Analysis Method (SAAM) [1], [3] and Architecture Tradeoff Analysis Method (ATAM) [2], [3] were designed specifically for this purpose.

The software analysis process has been illustrated in the paper by an example of the cardiology teleconsultation system Konsul. The system, designed and implemented under Krakow Center for Telemedicine and Preventive Medicine activity, is in a very successful everyday exploitation in John Paul 2nd Hospital in Krakow despite many existing drawbacks in its internal architecture. As a result of the assessment according to SAAM method, two versions of the Konsul system have been proposed – one incrementally increasing its functionality and the other a complete rebuild of the system onto a new state-of-the-art Service-Oriented Architecture.

The scope of the paper is as follows. First, in section 2, SOA as the most advanced software paradigm for software architectures has been introduced. Section 3 discusses software analysis methods and a migration process of software architectures. In section 4 a general classification of Internet-based telemedical systems is summarized. Section 5 is devoted to SAAM practical usage where migration process of Konsul system is described. The paper ends with conclusions.

1. Service-Oriented Architecture

The modern design approach recommends building systems according to a service-oriented architecture (SOA). In this style, the main functional components of the software are packaged as separate service implementations providing simple and well-known interfaces for use by other architectural components. Isolating the specifics of a service implementation behind a well-known interface is the key to achieving an incremental migration strategy. SOA is an architectural style that formally separates services into two categories: services which are the functionality that a system can provide, and service consumers which need that functionality. This separation is accomplished by a mechanism known as a service contract, which is coupled with a mechanism allowing providers to publish contracts and consumers to locate the contracts that provide the service they desire.

The functional components being developed should be supported by special, already existing, so called infrastructure components which provide a set of common services needed by the service implementations of functional components. The reusable entities can among other things supply programmer with remote communication between components (e.g. CORBA, J2EE, Web Services, COM/DCOM, JMX), data and event logging, security mechanisms, thread management and user interfaces. The exploitation of the rich services available guaranties considerable speed-up in the system development and increases code reusability [7].

Characteristics of SOA can be summarized in the following items:

· services have well-defined interfaces (contract) and policies,

· services usually represent a business function or domain,

· services have a modular design,

· services are loosely coupled,

· services are discoverable and support introspection,

· location of services is transparent to the client,

· services are transport and platform independent.

It should be emphasized that SOA should not be equated with Web services which are only a specialization of SOA to fit the Internet implementation.

2. Software Analysis Methods and Migration Process

Architectures of nontrivial systems are complex and involve many design tradeoffs. A proper architecture is the key ingredient in a business or technological success.

There exists a few formal methods for analyzing software architectures which allow determining if the goal is achievable before the great effort is put into development and implementation of the system and when discovered problems can be solved at relatively low cost and seamless.

Analysis methods should be also applied to analyze legacy systems. This frequently occurs when the legacy system needs major modifications or porting, is expected to integrate with other systems, or requires other significant upgrades. The result of the software architecture assessment is decision about how or even if to implement a migration or functional enhancement of the architecture. In this context the crucial issue is what is the difference between migrating the existing software and its enhancing. The basic distinction consists in that migration involves proactively moving toward a new software architecture and enhancements are typically made within the constraints of the existing legacy software architecture.

The incremental migration strategy is designed to reduce engineering investment. It requires a mapping from the legacy software components to the new set of components. It is rarely the case that the mapping will be one-to-one. Typically some existing components must be split and/or combined. In addition, the migration usually involves a move to new software infrastructure technologies.

Architecture Tradeoff Analysis Method (ATAM) is a technique of evaluating software architectures developed and refined in Software Engineering Institute of Carnegie Mellon University. The purpose of the ATAM is to assess the consequences of architectural decisions in light of quality attribute requirements such as performance, availability, security, and modifiability [2]. Attributes are understood in a very general way; ATAM does not need to either produce detailed analysis of any measurable quality attribute of a system (e.g. latency, mean time to failure, etc.) or attempt to precisely predict quality attribute behavior – what is impossible at an early stage of a design. Instead, ATAM focuses on recording risks, sensitivity points and tradeoff points found during the analysis. These important terms will be described in a more detailed way [2].

· Risks are architecturally important decisions:

· that have not been made – e.g. the architecture team has not decided what scheduling discipline they will use, or has not decided whether they will use a relational or object oriented database, or

· that have been made but whose consequences are not fully understood – e.g. the architecture team has decided to include an operating system portability layer, but are not sure what functions need to go into this layer.

· Sensitivity points are parameters in the architecture to which some measurable quality attribute response is highly correlated. For example, it might be determined that overall throughput in the system is highly correlated to the throughput of one particular communication channel, and availability in the system is highly correlated to the reliability of that same communication channel.

· A tradeoff point is found in the architecture when a parameter of an architectural construct is host to more than one sensitivity point where the measurable quality attributes are affected differently by changing that parameter. For example, if increasing the speed of the communication channel mentioned above improves throughput but reduces its reliability, then the speed of that channel is a tradeoff point.

The other method, also developed in Carnegie Mellon University is Software Architecture Analysis Method (SAAM) – a predecessor of ATAM approach. ATAM focuses mainly on evaluating new architectures being just designed, while SAAM technique is usually used to assess a current software architecture – whether it is feasible to perform desired modifications and at what cost. The SAAM approach concentrates among others on extensibility, subsetability and portability of the software. The evaluation process in short consists of the following steps [3], [4]:

· identifying stakeholders i.e. persons or institutions which use, develop or maintain the system,

· developing scenarios which represent possible future changes to the system; enumerated scenarios are then prioritized,

· describing candidate architecture(s) which would allow realizing mentioned scenarios,

· evaluating scenarios i.e. identifying components, data connections, control connections and interfaces which should be added, modified or deleted,

· revealing interactions i.e. summarizing interactions between evaluated scenarios and components and then estimating costs of migration.

When to apply SAAM and when ATAM if the existing system is going to be changed? SAAM, although less comprehensive than ATAM, is simpler and generally easier to learn how to efficiently conduct an analysis. Furthermore, the analysis itself costs less in terms of time and the budget. The final decision should depend mainly on the scale of the system – bigger systems could require more sophisticated assessment methods.

3. Software Architectures of Medical Systems

Medicine, similarly to other domains of our lives benefits from the electronic exchange of information. This can support better organization of medical data and improve health care especially when distance separates participants – e.g. doctors and patients or doctors themselves. Generally, Internet health industry can be divided into three segments [6]:

1. Content, services, and community. In this category health portals should be rated. They are organized medical sites that contain information connected with functioning of medical centers as well as provide expert information to wide range of recipients. Medical portals can act in a number of ways. They can improve the health care service level for patients allowing them e.g. to make appointments in hospitals or outpatient clinics [9]. More advanced systems can provide users with personalized information and services facilitating access to their medical documents or interaction with medical personnel or equipment tracking their health condition.

2. Connectivity and communications. The second application of the Internet in medicine is a rationalization of the health care operation. Internet-capable applications are able to electronically deliver medical records, claims submissions, referrals, eligibility verification, lab reports, prescriptions and other clinical and administrative data. Online teleconsultations between medical centers either in well-known WWW-based style or with the ability to offer collaborative interactive work on shared medical data [8] can not only considerably decrease costs but also be of great educational importance.

3. E-commerce. The e-commerce segment of the Internet health industry is generating the greatest opportunity of revenue. Pharmaceutical companies have recognized the value of this alternative marketing and distribution channel. Health related e-commerce encompasses other products, including health insurance and business-to-business services.

The Konsul (also referred as Konsul I) system according to the above classification belongs to ‘Connectivity and communication’ category. The system has been developed as a simple tool for radiology teleconsultations. Several hospitals from the area of south Poland occasionally directed more difficult patients’ cases to Krakow John Paul 2nd Hospital in order to consult the cases by their specialists. Previously, it was done by burning and sending CDs with patient examinations or by transferring data via computer network using general purpose tools. As the solution was cumbersome, error-prone and consuming a lot of time and money, hospital technical staff decided to deploy a simple consultation environment making such a process easier.

The architectural model of Konsul system is very simple and consists of three main components running according a client-server schema. Each component has been shortly described below and their coupling is presented in figure 1.
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Figure 1. The Architecture of Konsul I System

· Acquisition station runs FPImage tool, one of many existing DICOM viewers, which can among others convert DICOM images to various common data formats. The main advantage of FPImage, comparing to other similar tools, is the built-in simple proprietary script language which allows users to customize the application behavior by writing their own programs. The language facilitates processing of loaded DICOM images, invoking operating system scripts and also contains an embedded FTP client. One of scripts supplied with FPImage distribution performs converting DICOM files to AVI or JPEG format, links converted files to generated HTML pages and sends everything to desirable FTP server. Making few cosmetic changes to the script allowed using it for data acquisition.

· Konsul system server consists of FTP server and HTTP server. Patient examinations sent via FTP are stored in the filesystem which is the interface used by HTTP server. Finally, HTTP server allows users to access data using web browsers. As a security mechanism an ordinary login/password method is used.

· Consultant station of Konsul I system is just a web browser. Doctors consulting delivered cases use it to download the files to their personal computers. Occasionally phone calls with ordering hospital are established to provide the consulting specialists with additional information regarding the discussed case. The computer used for consultations is expected to have only graphical web browser and AVI player installed what is common equipment of ordinary PC computer system.

FPImage application was installed in peripheral hospitals and the FTP/HTTP server runs in John Paul 2nd hospital. The consultations soon became very popular taking place even several times a day. It turned out that the system which was treated rather as a pilot implementation without paying attention to security, efficiency, ease of use, or user interface requires modifications and improvements. Below there is presented an analysis performed according to SAAM approach. ATAM method seems to be too sophisticated for such a small system and thus has not been used.

4. SAAM Analysis of Konsul I System

The following sections provide a detailed analysis of the architecture of Konsul system according to SAAM technique. As a result of the analysis new architectures have been proposed.

4.1. SAAM Step 1 – Identify and Assemble Stakeholders

As stakeholders are chosen people responsible for using, maintaining and developing the system. They participate in the following steps of architecture analysis and evaluation. In case of Konsul system stakeholders are acquisition station users, doctors consulting the examinations, hospital personnel maintaining the system and developers.

4.2. SAAM Step 2 – Develop and Prioritize Scenarios

In step 2 of the evaluation process a detailed analysis of the system drawbacks has been performed. The most important points (referred as scenarios) are depicted and commented below in order of decreasing importance.

[S1]
No DICOM support. Despite FPImage handles DICOM files, the application is used to convert the images into general purpose formats. This is due to two main reasons. First, DICOMs are usually greater in size than compressed AVI/JPEG files what may be burdensome in case of slow network connections. Second, web browsers originally do not support DICOM format and require a plug-in to do that.

[S2]
No security. Neither FTP nor HTTP are secure. To provide sufficient level of security of medical information it is necessary to apply VPN or other security mechanisms. The scenario has been raised by all stakeholders.

[S3]
No additional information. Lack of additional information describing patient case is becoming more and more inconvenient as the number of consulted cases grows.

[S4]
No possibility for storing diagnosis. Access to the examinations is available only through static web pages what does not allow the consulting doctor to store any results of diagnosis. The scenario has been raised by the consultation specialists.

[S5]
Difficult concurrent access. Web pages are generated entirely on the acquisition station and it is the client application which decides on the directory in which the data are stored. Consequently, the state of the system is hold at the client side what makes very difficult to enable users to run FPImage on more than one computer in hospital. The scenario has been raised by the acquisition station users.

[S6]
Difficult system updates. Sometimes it is necessary to make single corrections in HTML pages appearance or functionality. This requires not only sending modified scripts to all acquisition stations but also making changes in already stored examinations. The scenario has been raised by the system developers.

[S7]
Unstable work of FPImage. There have been observed a few situations when FPImage crashes. This scenario has been raised by the acquisition station users.

[S8]
No server-side features. Examinations to be consulted are stored on the server in static directories and there is no easy way to indicate actions triggered off by e.g. coming a new piece of data. It is also not possible to prioritize the cases e.g. by an emergency state.

[S9]
No support for interaction. The only possibility to exchange data during the consultation is using external tools like phone calls.

[S10]
No efficient search mechanism. When number of examinations stored on the server increases it becomes more and more difficult to cope with the volume of data since the structure of directories is flat and examinations are available by a list. There is also no possibility to easily archive some older examinations and retrieve them if necessary.

[S11]
No support for various user interfaces. It could be sometimes necessary to use the application on systems different than ordinary PCs – e.g. tablets or handhelds with variety of display sizes. WWW pages appearance and presented images (in particular DICOMs or lossy compressed images) should be suited to such needs.

4.3. SAAM Step 3 – Describe Candidate Architecture(s)

During the analysis concerning the architecture of the system two following approaches were proposed:

[A1]
preserving the existing architecture of Konsul system with all its advantages and disadvantages described above,

[A2]
proposing a new architecture which best fits to the scenarios described in step 2.

Preserving the existing architecture would lead to change of particular modules in order to fit to the presented requirements. Unfortunately, it is not possible to fulfill all of them easily e.g. providing multi-user access entails changing interface between FTP server, acquisition client station and requires some minor changes in the web server. Similarly, conformance of user interface to different end-user devices could be implemented using e.g. XML technology but this would imply different preprocessing of medical documentation in the acquisition station as well as exchanging ordinary web server to some kind of application server supporting XML technology.

On the other side the new architecture may benefit of using n-tier application architecture as in J2EE or similar technologies which propose some well known frameworks and design patterns for creation modern web systems according to SOA paradigm. Figure 2 depicts, the most common, 3-tier architecture of the server side.


Figure 2. General Architecture of Konsul III System

Advantages of architecture [A2] can be summarized as follows:

· an application is managed in centralized way what makes it easier to maintain current and implement new versions of the application,

· the centralized management of data makes it easier to maintain its integration,

· the client side of n-tier architecture is ‘thin’ i.e. it requires merely a web browser,

· thin client architecture may easily support multi-user access to the system, different kind of terminal devices as well as customization of user interface what makes it very attractive for an end-user,

· the architecture provides well known mechanisms to support security (e.g. through SSL and HTTPS protocols) in access to the web server,

· this approach allows client reading, updating, and removing data on the server immediately what greatly improves data integration and facilitates communication process between clients.

It is worth to notice that changing the architecture of the system changes contents of data transferred between acquisition stations and the server. The advantage of Konsul I system is conversion of DICOM images to one of general purpose formats performed by the acquisition stations just before they are sent to the server. This operation reduces the size of the data being sent what diminishes costs of transfer. It is most important for small peripheral medical centers with low budget and low bandwidth connection to the Internet. Of course the change of the format just at the acquisition station implies that every user accessing the image has no chance to get the original DICOM image no matter their connection’s bandwidth is high or low. Conversely, the new architecture, according to scenario [S11], requires an acquisition station sending greater in size original DICOM images but then allows consultant stations to access them in any available format supported by the server.

4.4. SAAM Step 4 – Classify Scenarios as Direct and Indirect

SAAM approach proposes dividing scenarios specified in step 2 into two categories: direct and indirect. Direct scenarios, as they don’t require modifications in the existing system are usually easy to implement and indirect ones need much more thorough changes.

Although it is, in principle, possible to implement almost all scenarios specified above by improving the existing architecture, such solution seems to be burdensome and making the resulting system extremely error-prone and hard to maintain.

Only scenario [S7] has been classified as a direct but because of no organizational abilities must be left unimplemented. All the other scenarios are classified as indirect and are evaluated according to SAAM analysis process in the following section.

4.5. SAAM Step 5 – Perform Scenario Evaluation

This step identifies changes and estimates effort to modify system in order to realize each scenario developed in step 2. The process of evaluation depends on chosen architecture, hence for each particular scenario two descriptions will be presented in table 1.

Table 1. Evaluation of scenarios [S1]–[S11]

	
	[A1] - Legacy architecture
	[A2] – New architecture

	[S1] – No DICOM support
	Affected components:
	· acquisition station: modifying FPImage scripts for DICOM transfer support,

· web server: web control displaying DICOM images
	· presentation layer: components processing/converting DICOM images,

· presentation layer: web control displaying DICOM images

	
	Estimated effort:
	· unstable work of FPImage makes hard to estimate effort of modification of the scripts,

· using LEAD Tools
 library for DICOM images processing – 1-2 person-months
	· using LEAD Tools library for DICOM images processing for building application server components: 3-4 person-months

· web control: the same as in [A1]

	[S2] – No security
	Affected components:
	· acquisition station: modifying FPImage scripts to support change of FTP server part of Konsul system,

· web server: protecting access to the server using HTTPS protocol, supplying appropriate certificates for each consultant station
	· supplying security subsystem throughout all components and layers of the server

	
	Estimated effort:
	· a common way of ensuring security between web server and web browser – below 1 person-month
	· all layers should be aware of security subsystem hence a lot of effort is needed to realize


	
	[A1] - Legacy architecture
	[A2] – New architecture


	[S3] – No additional information
	Affected components:
	· acquisition station: modifying FPImage scripts for uploading additional information,

· tool for gathering patient data
	· application and presentation layer: data access components.

	
	Estimated effort:
	· about 1 person-month
	· it is a part of main functionality hence it requires a lot of effort to develop.

	
	Remarks:
	
	read/write access to the system is its main functionality and includes: storing and retrieving diagnosis, DICOM files and other documentation.

	[S4] – No possibility for storing diagnosis
	Affected components:
	· web server: providing interface through CGI, PHP or servlets.


	the same as [S3]

	
	Estimated effort:
	· about 1-2 person-month
	the same as [S3]

	
	Remarks:
	investing in development using outdated technologies seems to be unpractical
	

	[S5] – Difficult concurrent access
	Affected components:
	· all excluding consultant clients
	· application layer: components responsible for maintenance of session between server and client

	
	Estimated effort:
	· complete rebuilding of the system
	· not much effort: below 1 person month

	
	Remarks:
	this is one of the main drawbacks of the architecture –providing concurrent access of users from one peripheral center implies total redesign of the system due to interface between FTP and HTTP server
	it is a paradigm of ‘thin client’ architecture

	[S6] – Difficult system updates
	Affected components:
	· tool for automatic resending updated versions of the application to acquisition stations
	· none

	
	Estimated effort:
	· about 1-2 person-months
	· not applicable

	
	Remarks:
	this is one of the main drawbacks of the architecture – every modification in the system functionality requires resending improved version to all acquisition stations
	immanent feature of ‘thin client’ architecture is easy system update and modification; there is no need for any special component or tool

	 [S7] – Unstable work of FPImage – Direct scenario

	[S8] – No server-side features
	Affected components:
	· [option] FTP server: components providing event notification on data upload,

· [option] web server: CGI or PHP scripts or servlets providing event notification on data upload
	· application layer: event notification service,

· presentation layer: components providing access to the information about data modifications

	
	Estimated effort:
	· below 1 person-month
	· moderate: effort 2-3 person-months

	
	Remarks:
	one of above is needed to provide server-side notification on data upload; both of them seem to be inconvenient to develop
	

	[S9] – No support for interaction
	Affected components:
	· additional tool for interactive communication loosely coupled to Konsul
	· system for interactive communication tightly coupled to the server

	
	Estimated effort:
	· not applicable
	· a lot of effort due to sophisticated requirements, see [8]

	
	Remarks:
	the most natural way to support interaction between consulting clients is to provide an additional tool such as Microsoft NetMeeting, Robust Audio Tool or any other
	as in [8] providing interactive communication between consulting clients can be a convenient way for performing medical teleconsultations. Additionally, supporting it with data access system like Konsul may be very valuable.


	
	[A1] - Legacy architecture
	[A2] – New architecture

	[S10] – No efficient search mechanism
	Affected components:
	· web server: CGI or PHP scripts or servlets providing search mechanisms
	· application layer: searching engine components,

· presentation layer: components for presentation and filtering search results

	
	Estimated effort:
	· low effort: below 1 person-month
	· low effort: 1 person-month

	
	Remarks:
	there exit tools providing searching through web site but investing in development using outdated technologies seems to be unpractical
	there exist components providing searching through web site

	[S11] – No support for various user interfaces
	Affected components:
	· none


	· presentation layer: components for defining user and display profiles

	
	Estimated effort:
	· not applicable


	· moderate effort 2-3 person-months

	
	Remarks:
	it is almost impossible to provide support for various user interfaces due to improper architecture; look at [S6]
	common way making use of XML technology


4.6. SAAM Step 6 – Reveal Scenario Interactions

The goal of this step is to reveal relations between scenarios and components. If a scenario affects a number of components it could indicate high coupling between components and may point out negative attribute of the architecture. Whereas, if a component is affected by many scenarios it could indicate a need to redesign the component [4]. As the presented system is small in size, it is good gauge if a component is referred only by one or two scenarios and scenario refers to not more than two components.

The evaluation of scenario interactions concerns to different architectures [A1] and [A2] and therefore is presented in two following tables:


Table 2. Scenario Interactions for
Table 3. Scenario Interations for


Architecture [A1]
Architecture [A2]

	[A1] – Legacy architecture
	
	[A2] – New architecture

	Component
	Changes
	
	Component
	Changes

	Acquisition station
	[S1], [S2], [S3], [S4]
	
	DICOM processing components
	[S1]

	Web server
	[S2], [S4], [S5], [S8], [S10]
	
	Web control for DICOM processing
	[S1]

	Web control for DICOM processing
	[S1]
	
	Security subsystem
	[S2]

	Tool for gathering patient data
	[S3]
	
	Data access components
	[S3], [S4]

	Resending tool
	[S6]
	
	Session maintenance components
	[S5]

	FTP server
	[S8]
	
	Event notification service
	[S8]

	Tool for interactive communication
	[S9]
	
	Interactive communication system
	[S9]

	
	
	
	Searching engine components
	[S10]

	
	
	
	User interface profiling
	[S11]


Results of analysis confirm earlier remarks about architecture [A1]. The main components: acquisition station and web server require redesign as they are subject of change indicated by many scenarios: 4 and 5 respectively. The other components should be modified according to the step 5. Moreover, scenarios [S1], [S2], [S3] and [S8] refer to more than one component. This excessive coupling of the components triggers cascade of changes if any of the components will conform to the scenario.

On the other hand, architecture [A2] is properly divided on many loosely coupled components. In this case, data access components are the subject of change by two scenarios but this is good indication as scenario [S3] is a variant of scenario [S4]. Similarly, scenario [S1] affects components DICOM processing and Web control for DICOM processing but it is justified as the components are at the same – presentation – layer and are variants of the same functionality.

4.7. SAAM step 7 – Generate Overall Evaluation

The SAAM analysis resulted in two different architectures: the legacy one [A1] and the new one [A2]. Preserving the legacy architecture requires clearly the need to redesign acquisition station and web server components. Unfortunately, the redesign implies the complete rebuilding of the whole system what would take about 6–9 person-months. Moreover, the rebuilt system would resemble architecture [A2] but would be developed using outdated technologies. The other solution, architecture [A2], has proper structure and passes SAAM analysis very well but requires a lot of effort to implement (about 1.5 person-year).

Thus, to fulfill stakeholders’ expectations as well as hard time constraints, the tradeoff is proposed which assumes rapid implementation of Konsul II on the basis of the legacy architecture and at the same time development of Konsul III system based on architecture [A2]. This approach is shown in figure 3 as the new + enhance old migration strategy [5]. The figure shows schematically the relation of the cumulative effort in time depending on various migration strategies. As may be seen, overall costs of the tradeoff in short-term horizon would be greater than merely migration to Konsul II i.e. slow migration or building new Konsul III system solely – fast migration but are justified by achieving the most important goals (scenarios [S1], [S2] and [S3]) quickly and will pay off in longer horizon.


Figure 3. Relation between cumulative effort in time depending on the strategy of migration

Obviously, such general estimation as shown in the figure should be treated very carefully due to different sizes of systems, needs of stakeholders or quality of legacy systems. Nevertheless, it shows a tendencies and clarifies relations between the strategies.

The best strategy in long-term horizon – new + maintain old has not been chosen due to transient nature of pilot version of implemented Konsul I system. In such case costs of maintenance and further data conversion grow rapidly.

5. Conclusions

Thanks to SAAM analysis the effort required to modernize the Konsul system has been estimated what allowed developers to consciously take up very intensive but limited works to develop and implement Konsul II system treated as a transient application. Concurrently, Konsul III is being developed with little time constraints since the most critical expectations have been already satisfied. Thanks to such approach Konsul III as a quite large project can be developed in a long-term horizon and built according to state-of-the-art architecture easily extensible in the future. Konsul III is going to be a data storing subsystem of TeleDICOM environment designed for collaborative and interactive work on shared medical documents as described in [8].

The analyzed Konsul system is the telemedical application so particular attention has been paid to its security and providing diagnostic quality of images. While designing Konsul III – due to expected growth of the system up to middle-scale – scalability aspects has been taken into special consideration.

Despite the paper concentrates on one specific application, it can be helpful for people involved in software architectures migration in other areas, too.
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� LEAD Tools Medical Toolkit is a commercial library for processing DICOM file format.





