
 
Lupeikiene A., Matulevičius R., Vasilecas O. (eds.):  
Baltic DB&IS 2018 Joint Proceedings of the Conference Forum and Doctoral Consortium. 
Copyright © 2018 for this paper by the papers' authors. Copying permitted for private and academic purposes. 

Metamodel Based Framework for Informative  
System Development - ISTechnology 

Jānis Iljins and Ģirts Karnītis 

University of Latvia, Raina 19, Riga, Latvia 
janis.iljins@di.lv 

Abstract. The paper describes methodology and framework for model based in-
formative system development and maintenance ISTechnology (IST). The 
methodology and implementation of the IST, as well as the domain specific 
business process modelling language created for IST and its implementation 
within the framework is discussed. Using IST several financial informative sys-
tems are developed for different banks in Latvia. Analysis of the time spent for 
the development and maintenance of informative systems used in real exploita-
tion shows: usage of the metamodel based framework minimizes effort needed 
for the development and maintenance of informative systems. 
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1 Introduction 

The paper deals with the problem of how to effectively implement and maintain an 
informative system in a financial institution (for example, a bank or an investment 
fund) characterized by a changing business environment and complex business pro-
cesses. We created a system design, development and maintenance method, in which 
developer creates a model for implementation and maintenance, characterized by the 
fact that high level system design is stored in the system repository. Based on the 
method we developed the Information Technology Development and Maintenance 
methodology and framework ISTechnology (IST). On the basis of IST we have creat-
ed a number of systems which are introduced in several financial institutions.  

The following chapters provide a more detailed description of the IST and its as-
sessment. The first chapter describes the similar solutions and their similarity and 
differences with IST. The second chapter describes the IST metamodel. The third and 
fourth chapters contains IST implementation details - the IST framework description 
and the IST domain specific business process description language.  The fifth chapter 
describes the evaluation of the use of IST by analyzing the amount of time spent on 



maintenance and the number of changes that have been received for systems that are 
actually developed using IST. 

2 The Current Situation 

IST ideas have been tested in a series of systems [1] and have proven their liveli-
hoods. This chapter describes similar model based solutions and their differences 
from IST.  

Most widely known solution is Model Driven Architecture (MDA). MDA is based 
on models and their transformations [2]. The MDA consists of Platform Independent 
Model (PIM), Platform Specific Model (PSM) and Code and defines how they will be 
derived from each other. In the MDA approach, code generation has become an inevi-
table step [3]. One of the major shortcomings of MDA is the failure to provide non-
functional requirements (such as performance or usability requirements) [4].  

Compared to MDA, IST offers a different approach, which can be termed a "bro-
ken" approach to modeling systems. An MDA-like method describes the system's 
main structure, the main user interface, and system specific modules that are not mod-
eled, but are developed using traditional programming methods. System specific 
modules are called from IST framework. 

The "broken" approach to the modeling and the systems created by it eliminates the 
main disadvantages of the classic MDA: 

• The system is modular - it consists of many small items, which are controlled by 
one central item - the functional shell. In its turn, the functional shell operates ac-
cording to the system model - its functionality is modeled. 

• The metamodel used for modeling is small enough and simple to be clear and un-
derstandable. 

• Usability is at the same level as it is in traditional systems. 

The next class of similar systems is the workflow systems. A lot of different work-
flow management systems exists, such as YAWL [5], ADEPT2 [6], BPEL [7], JIRA 
[8], and KiSSFLOW [9]. 

Virtually all workflow management systems offer the ability to define configurable 
workflow scenarios and operate in accordance with defined scenarios, which is to 
interpret the defined scenarios. Workflow management is also one of several IST 
functions. Consequently, IST can be considered to some extent as a workflow man-
agement system. 

Document management systems have to be mentioned as another similar type of 
system. Document management systems offer configurable access to business docu-
ments, provide communication between employees. Wide comparison of document 
management systems is in [10]. Document management systems share common fea-
tures with IST, such as business process configuration and user interface configura-
tion. However, there is also a significant difference between IST and document man-
agement systems. Document management systems have predefined business objects, 
from which the central is "Document". Systems are primarily intended for storing 
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documents and controlling their versions. At the same time, IST provides business 
processes for arbitrary processing of business objects in a database defined by the 
system's developers.  

The BPEL [11] language is created for configurable business process management. 
An interpreter for BPEL scripts is maintained [12]. An essential prerequisite for using 
BPEL is the provision of system functionality with the help of web services. There are 
several tools that provide execution of the process according to the BPEL. The most 
significant differences between IST and BPEL: 

• BPEL does not include user interface modeling, which is a major component of the 
IST model. 

• IST is designed for the development of one organization's information system and 
its business processes, but typical BPEL solutions are designed for the integration 
of several information systems - the business process for the exchange of infor-
mation between informational systems. 

Most similar to IST are those methods in which the metamodel based system model is 
an integral part of the developed information system and the model determines the 
functionality of the system. Such solutions are very rare, for example [13]. 

Similarity with IST also exists with systems based on the domain-specific business 
process description language BiLingva [14]. In these systems, the business process 
description in the BiLingva language is defined and the system executes it - the model 
is interpreted. At the same time, there are differences between IST and BiLingva sys-
tems: 

• If BiLingva's business process description is at the heart of system functionality, 
IST offers to configure not only the business process but also the user interface - 
the availability of business data and the availability of operations with data. 

• BiLingva focuses on state-of-the-art decision making and transition of an object 
from one status to another. Both of these factors are of little importance in the de-
scription of the business process in the IST. At the same time, the language of the 
IST business process offers complex transitions of the status of objects. 

• The IST system is modular. This is not true for BiLingva systems, which consists 
of one large module - the interpreter of the business process. 

3 The IST Metamodel 

The IST metamodel is shown in the Fig. 1. For each class, only the essential attributes 
and methods that are most important to understand the IST work are given. 

Class “Task” describes the tasks. Classes "Organization", "Department" and "Em-
ployee" allow you to store information about an organization (for example, a bank) 
and its departments. Information about the employees of the organization is used both 
as a contact database and as a database of system users who have the right to connect 
to the system. Classes "Object class", "Event" and "Event details" ensures the opera-
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tion of the system as well as logging of database data changes.  Log fails contain in-
formation about opened screen forms as well as changed data values before changes. 

 

 

 

Fig. 1. UML class diagram of IST metamodel 

Core of IST and main user interface is described in classes “Work place”, “View”, 
“Operation” and “Message”. Those classes contain information necessary to run sys-
tem functional shell – system design interpreter, which interprets system design en-
coded in metamodel. Class "Work Place" defines a "workplace" that consists of ob-
jects that a user can see at the particular workplace and the activities that can be per-
formed on those objects. Class "View" defines business objects available to the user at 
the specific workplace. Views can be defined as hierarchical structure for each level 
defining filters and sorting facilities available. Class "Operation" describes the mod-
ules that created outside IST and are invoked from IST and perform business func-
tions with selected objects. Class "Message" describes system alerts and reminders for 
changes in database data and for user actions. 

The reports required in the informational system are defined in the classes "Re-
port", "Info set", "Info unit" and "Text style". Class “Report” contains main definition 
of report, class “Info set” contains tables that are used in report, Class “Text Style” 
contains report visual look. 
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4 Domain Specific Business Process Language 

It was decided not to use the classic BPMN [15] in the definition and automation of 
IST business processes, as IST requires a much narrower and more specific process 
description that can be understood not only by IST, but also by end-users of the sys-
tems as well. Therefore, a special IST business process modeling language was de-
veloped.  

The business process model depicts the status of business objects as well as busi-
ness processes that change the status of business objects. State transitions are defined, 
indicating the processes that make this transition. 

Fig. 2 shows example of business process – one of the simplest but typical of the 
Securities Recording System (VUS) business processes - the process of processing 
securities transactions on behalf of the client. The business process starts with enter-
ing the transaction application and executing the transaction on the market.  Thereaf-
ter, a registration is made of the transaction application, which is approved for settle-
ment. 

 
Fig. 2. An example of a domain specific business process for an IST 

5 Implementation 

The metamodel described in the previous chapter is used by the main program of IST 
framework – IST functional shell, which interprets the system design description 
(model). The functional shell controls user access to the database. The functional shell 
also provides access of a specific workplace available to a specific user. The windows 
display a views tree – views, objects underneath the views, which may have sub-
views under them. Selecting a particular object or view displays the operations that 
can handle the selected object or view. After a certain time interval, messages in the 
message window are renewed. The main window of the IST functional shell, as seen 
by the system user, is shown in Fig. 3. 

IST views form a hierarchy. Each view creates a new level of hierarchy in which 
the information is selected from the DB. Query for view: 
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Fig. 3. Main window of IST framework functional program 

SELECT DISTINCT C.CURR_ID, V.CURR_NAME 
FROM VOP_CURR C, VP_TRANS T 
WHERE C.CURR_ID = T.CURR_ID_TRANS 
ORDER BY 2 

Query returns the list of transaction currency shown in the picture Fig. 3. It has a 
subview that contains transactions for each currency. Query for subview: 

SELECT TRANS_ID, TRANS_NAME 
FROM VP_TRANS 
WHERE CURR_ID_TRANS = :id[1] 

In query, parameter: id[<level>] contains an identifier in the upper level view for 
the user-selected value. 

Operations are attached to the view (for example, to add a new item) or object (for 
example, edit, delete, print). Operation is carried out by calling the functions from 
particular system-specific module created especially for that system. Operation defini-
tion contains a reference to the DLL file and the name of the function that is called. 
The call is technically implemented as a call to the DLL function. 

The operation may also be a creation of a report. IST framework includes the 
DIREPO tool, which, based on the reporting module's report definition, is able to 
create a report in popular document formats such as Microsoft Word (docx format), 
Microsoft Excel (xlsx format), PFD. 

Business process models are developed with the tool Grade 2 developed by LUMII 
[16]. 

The business process description contains too little information for IST con-
figuration automatically created from model to include all the configuration options 
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possible. There is a lack of information about the hierarchy of views, which is widely 
used in IST workplace configurations. Consequently, the automatic IST configuration 
can be used to: 

• Create a DEMO version of the system immediately after business processes analy-
sis, 

• Create initial configuration according the original business process in cases when 
users can not define configuration requirements. 

The basic idea behind generating IST configuration is the transformation of models 
from business process diagrams to IST configurations according the configuration 
metamodel. A transformation tool has been developed that can convert defined dia-
grams to database queries (SQL scripts) that make up the IST configuration. 

6 Evaluation of Effectiveness of Methodology and Framework 

Based on IST, 4 large information systems have been developed, each of which is 
implemented in a number of institutions: 

• Currency operations information system – implemented in 2 institutions; 
• Securities accounting system – implemented in 6 institutions; 
• Fund management system – implemented in 4 institutions; 
• Pension fund system – implemented in 2 institutions.  

The experience of using IST has enabled experts to develop guidelines for the as-
sessment of labor productivity based on the ideas of [17]. The expert assessment sug-
gests that the creation of new functions requiring just configuring the IST model re-
quires about 3 times less workload than the new functions for which a new applica-
tion needs to be developed. 

Architecture of IST framework made it easier to migrate to another environment 
(The first version of the IST was created in Centura environment and was later mi-
grated to .NET): 

• IST is common to several systems that require migration. When migrating multiple 
systems, the IST code had to be re-written only once. 

• IST based systems have a modular structure. The system consists of many small 
applications. Consequently, the migration of the system could be done gradually in 
parts. During the transition period, both platforms can be used in parallel. Some 
apps work in a new environment, some still in the old one. 

• Because IST components are reused in different contexts, by overriding one com-
ponent, several business functions are transferred to the new platform. For exam-
ple, when overwriting 15% of applications in the VOIS system, the new platform 
already operates 43% of the system functions. 

• The IST metamodel is a platform-independent description of system functionality. 
By moving to a different platform platform-specific metamodel interpreters, the 
metamodel and the system functionality description did not have to be changed. 
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Since September 2003, database of requests for changes has been carried out in the 
change request system for the systems developed and put into operation using the 
IST.  During this period, 9429 changes requests were processed and completed. The 
study [18] analyzed their content and the time devoted to them. The listed change 
requests were analyzed based on what was changed in the system due to the request: 

• IST applications - Improved or enhanced IST functional shell or other IST applica-
tions that support its operation, as well as business model input or system configu-
ration. 

• Configurable components - reconfigured multi use components or added a new 
operation that uses an existing component. In other words, the request for change 
has been implemented by introducing changes to the business model. 

• Reports - reconfigured existing reports or added new ones.  
• Specific applications - specific applications developed for a specific system - mod-

ified algorithm or application program code. 
• Changes to the data - the change request did not require any changes to the system. 

Instead, the database data has been corrected or only end user consultation was 
needed. 

Fig. 4 shows the percentage of requests for change requests and the percentage 
breakdown of time by these categories. The left diagram shows the distribution of the 
number of requests, but the right diagram shows time spent. 

 
Fig. 4. The number of requests for change and the time distribution 

The diagrams show that implementation of business model changes in the business 
model requires about two times less time than the implementation of changes in spe-
cific requirements. 

7 Conclusions 

The "broken" approach used by IST allows you to combine both the flexibility of 
model-based applications with the benefits of traditional apps - usability, security, and 
more. The IST method provides the following benefits: 
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• IST has its own metamodel, which allows you to define a system model or config-
uration that defines the functionality of the system being developed. Consequently, 
part of the system functionality described as data that is stored in the database and 
can be easily changed even without the change of system software. This feature al-
lows you to adapt the system to a changing business environment and changing us-
er requirements. 

• IST is a model interpreter. IST fully runs without generating code. 
• The so called "Broken" approach to business functionality development. The "bro-

ken" approach does not fully model the functionality of the whole system to the 
executable code, but only the superstructure of the system. Modeling does not in-
clude specific and precise low level requirements for business functionality. It is 
developed using traditional programming methods (such as Microsoft .NET envi-
ronment, C # programming language) and embedded in business specific system 
items that the system calls according to the model. Consequently, the IST 
metamodel and functionality description is simple and transparent. At the same 
time, non-functional requirements for complex business specific features, such as 
usability, are analogous to traditionally developed systems. 

• IST systems are modular. They are made up of IST framework and a series of in-
dependent business functionality modules. The IST framework consists of an IST 
functional shell and IST service modules. The IST framework calls business func-
tionality modules and IST service modules. Business functionality modules are in-
dependent of each other, they rarely call each other. Only they all use one shared 
database. Such a system design considerably facilitates changes to the system and 
regress testing, because changes in the new version is made only in some modules 
whose replacement does not affect the functionality of other modules. 

The informative system developed with the aforementioned features requires less 
development and maintenance time than traditional systems or systems without these 
features. The results of these studies show that using IST saves system design and 
maintenance time. 
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