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Software Process Self-Assessment Methodology 
 

Solza Grceva 1 
1FON University, Skopje, Macedonia 

 

  
Abstract – Controlling and improving the process used 
to develop and maintain a software product has been 
widely proposed as a primary answer to the poor 
quality and non-conforming software products. The 
ultimate goal of those efforts is to create a continuous 
SPI (Software Process Improvement) space. Once the 
organization is committed to begin the SPI effort, the 
first step is an assessment of the current process and 
the current capability of the organization to develop 
and maintain quality software.  In this paper, the 
author presents a methodology for continuous software 
process self-assessment, developed, tested and 
successfully applied in several companies in 
Macedonia. The methodology, using the SW-CMM 
(Software Capability Maturity Model) as a referent 
model, is unique in: 
      Development of a suitably structured Database of 
Documents covering nearly every practice used by the 
actual software process. The documents are grouped 
according to aspects of development, quality assurance, 
configuration management and project management. 
The database provides software input to the referent 
model.  
      Formalization of the complex structure of the 
referent model SW-CMM, enabling statistical 
evaluation of the practices used versus baselines of the 
model, starting from the bottom up to the Levels of 
Maturity. For that purpose a software tool has been 
created and applied. 
There are very few methodologies and techniques, 
which include processes, modeling and documentation 
in a single package (Curtis et al. 1992). The main 
finding of this study is that an efficient, easy to use, 
sustainable and objective self-assessment and 
consequently self-improvement process should involve 
significant, well-designed initial efforts. This paper 
presents the methodology itself and reports our 
experiences in developing and conducting a self-
assessment process that follows such a systematic 
approach. 

  
Keywords– Process Assessment, CMM, Software  

Process Documentation, Self-Assessment 
Software Tool. 

 
 
1. Introduction 

 
      The company where the methodology has been 
developed and tested, is a chemicals industry in 
Skopje. It is a large industry complex, with 3000 
employees, comprised of nine plants with different 

technologies and common services. The IT 
department, employing 40 people and providing 
services for the company and for other vendors is 
considered as one of the most vital common services. 
In the process of transformation of the ownership, 
this company with relatively old technologies, with 
centrally organized management structure, 
experienced large number of changes and 
transformations that happened recently in the whole 
region. Frequent changes of the legislative, tax 
policy, customs regime, transformation of the capital, 
switching from the traditional markets are only a part 
of the problems faced by the company. In such 
unstable conditions it is very difficult to define 
standard working processes, to apply a quality 
system, even to set the strategic goals of the business. 
The organization is oriented to solving the problems 
on a daily basis, rather than to build up a longer- term 
strategy.  
      The IT department is with a long tradition of 
professional work in the country. It develops and 
maintains the application software for the company 
and provides services for other clients within the 
sector. Despite the experience and evident capacities, 
the IT department has been facing severe problems in 
the SW development and maintenance for many 
years. Before starting the process of SPI, it worked 
with a very few formal working procedures, 
inconsistent plans, estimations, measurements and 
other practices that define a mature SW process. 
Beside the fact that the management and the working 
teams put a lot of effort and knowledge into the 
process, there were many inconsistencies in the SW 
products. Not solving the problems or even not being 
aware of them sometimes led to serious defects in 
installation and maintenance.  
     Probably the most critical factor was the large 
quantity of "rework" (app. 40%) as a result of errors 
and defects. Because of the weaknesses of the SW 
process, the defects were not discovered in the early 
stages of the life cycle of the product. That 
significantly decreased the productivity. Periodical 
changes in technology or SW methodology didn't 
target the problem itself: to deliver a SW product that 
satisfies certain criteria of functionality and quality 
within the budget and schedule. In the last years, the 
company has located the problem into the SW 
process deficiency. An independent assessment, 
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although very rough from this perspective, 
demonstrated that the SW process was often chaotic, 
badly planned and managed. Development of a 
defined, documented, standard SW process and 
application of subset from its practices for each 
project which will enable repeatable successes and 
predictable results became a central strategy for the 
way out. 
 
 
2. Focus on the Software Process Self-

Assessment 
 
    The overall concept for continuous SPI follows the 
generic SPI model defined by ISPI (ESSI, 1994), 
with objectives similar of those in the IDEAL model 
from the SEI (Software Engineering Institute, 
Carnrgie Mellon University, USA), (McFeely, 1996). 
It is four-staged model (see Figure 1.): 
 

 
 

Figure 1. Generic Software Process Improvement model 
 
     Once the company demonstrates a strong 
commitment towards SPI efforts, the assessment 
becomes the central issue. The author, during her 
research into the software process assessment, 
developed a model for SPI with a focal point on an 
efficient, document-based methodology for self-
assessment.  
      The basis of the methodology strongly relays on 
the capability of the organization to carry out a 
competent self-assessment of its own software 
process. Some concerns have been expressed that the 
cognitive perceptions of the participants might be 
influenced by individual and not only by the 
organizational factors (Stevenson, 1989). However, 
we believe that most software process assessments 
(and improvements) efforts limit their focus and 
concern to the technical and engineering aspects of 
the process and do not consider the relationship 
between these factors and the organizational and 
market variables (Cattaneo et al., 2001). There are 

many reports where independent assessment is under 
criticism. Considering this and having a certain 
previous own experience, the following factors have 
been recognized in favor of adoption of self-
assessment approach: 
 

• Self-assessment process should be on-line 
available. 

• Related to the company’s business goals 
• Give maximum value for the money. 
• Relays on the company's documentation. 
• Participants are familiar with the deficiencies 

of the SWP. 
• SPI program could be executed 

incrementally in small steps, rather than 
revolutionary.  

• Software process could be refined, almost 
on-line. 
 

      Once this doctrine has been adopted, the main 
goal of this research was, through implementation of 
a properly selected, complex and formalized referent 
model for SW process, to develop a relatively simple 
and efficient methodology for SW Process Capability 
and Maturity Self-Assessment. The statistic analysis 
of the results with consideration of the specific 
context and environment should identify the most 
critical factors, strengths and weaknesses of the SW 
process. The determined problems will provide a 
basis for incremental process improvement. 
 
 
3. Methodology for Document Based Self-

Assessment 
 

       The framework for this research has certainly 
been searched among the existing standards, models 
and concepts for SW process management. Based on 
the many arguments provided in a comparative 
analysis, which has been carried out, SW-CMM 
(Capability Maturity Model for Software), (Paulk 
MC et al. 1993), developed by SEI has been chosen 
as a referent model. It is a conceptual framework in 
which the scientific elements of an efficient SW 
process are defined and covers large network of 
organizational, management and engineering 
practices. Which is more important for this concept, 
the model focuses on continuous improvement of the 
SW process and sets priorities in solving the 
numerous problems in the process, quantifies them 
and provides a formal basis for realistic evaluation.  
In this research and implementation project, the SW-
CMM structure has been used: 
 

• To design the concept of the document 
database for the SW process. 
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• As a referent model in the evaluation of the 
findings of the assessment. 

• To define the feedback into the software 
process refinement. 

• As a roadmap for the process improvement. 
  

The Initial Hypothesis of this research were: 
 

• The complex, informal and descriptive 
architecture of the referent model SW-CMM 
could be formalized starting from the 
smallest practices of the SW process to the 
highest Levels of Maturity. For that purpose 
a SW product called SWP-Evaluator has 
been developed. Grouping and cross-
referencing the various practices from the 
model structure will provide a solid ground 
for SW process analysis and evaluation. 

• The objectivity of the results will be 
increased and the whole process of 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

          Figure 2. Methodology concept, logical model. 

assessment will be more efficient, if a 
Database of Documents (or Experience 
Database) for the SW process is organized, 
the documents referencing to the various 
points of the structure of the referent model.  

• After all, standards rely on written 
documents and documented procedures. 
What is even more important, the database's 
structure profiles the "Standard SW process 
for the Organization". To achieve this, a 
business process model for the organization 
from the SW process standpoint, should be 
also developed. The initial database design 
effort is considerable, but crucial for the 
successful implementation of the 
methodology. 

• Implementation of the methodology will 
shape the profile of the Key Process Areas 
for the SW process. It will be a map of 
strengths and weaknesses of the process and 
will provide a ground for planning and 
initiation of process improvements. 
 

The schema bellow represents the logical model of 
the methodology (Figure 2). 
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Figure 3. Methodology implementation steps 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 4.  SWP-Evaluator logic 
 
 
 
4. Software Tools for Methodology 

Implementation 
 
SWP-Evaluator 
 
     The SW product consistently follows the structure 
of SW-CMM. The key tables or lists are those which 
refer to Projects, Levels, Key Process Areas and 
Common Features like: Commitments, Abilities, 
Activities, Measurements and Verification.  

The system of evaluation starts from the bottom to 
the top of the structure and is presented on the Figure 
bellow. The dependencies of the Goals of the Key  
 
Process Areas and the Common Features practices 
are predefined and provided in the process of 
evaluation.  
 
      In the SWP-Evaluator database, 18 Key 
Processes, 52 Goals and 350 Practices grouped into 
Common Features, have been processed. Also, in 
order to make a refinement of the Organization's 
software process, a possibility for additional structure 
elements has been provided. This leads to more 
accurate results and higher flexibility in the analysis. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Document database   
 
      The reason for the design of such a base is to 
create and maintain documents that are generated by 
and from the SW process, and make them available 
for evaluation to the Referent Model. Each document 
references to one or more practices in the Referent 
Model. Moreover, the design reflects the business 
processes of the organization. The continuous 
refinement of the practices used by the process 
shapes the profile of the standard one.  
      The Figure bellow represents the logical structure 
of the Document Database (Figure 5). 
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Figure 5. Structure of the Document Database 
 
     The Software Process and consequently the 
document logical model structure follow the 
guidelines of ISO/IEC12207 standard for software 
lifecycle, (ISO/IEC 12207, 1995), (ISO/IEC, 1998).  
Documents in the database fall into four categories, 
with several different types of documents. 
 

• The first category "Business concepts" 
describes the working processes, the 
relations between them, the context, as well 
as the SW projects matched to the processes. 

• In the second category "Procedures and 
instructions" the documents describe the 
working and organizational policies and 
procedures. 

• The third category "System design" is the 
most important for the SW process analysis. 
The documents represent the engineering 
practices. 

• The fourth category “Technical support" 
consists of maintenance documents for the 
installed software as well as of working 
procedures for the technical support 
department.  

 
      The documents are related to the phases of the 
life cycle of the SW products: requirements, 
planning, design, code, different tests, verification 
and validation, configuration modules, installation, 
maintenance, as well as the management practices 
and working procedures in all stages. 
      This specific design fits to a specific SW process 
placed in the broader working context of the business 
process of one company. A company that is to apply 
such a methodology could tailor the documents 
database to match its own software engineering 
process and business needs and priorities.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Methodology verification 
 
     The analysis has been carried out through 
comparison and statistical evaluation of the practices 
used by two (or more) different and complex 
software projects. The documents for the projects 
placed in different tables of the database, refer to 
different structural elements of the CMM model. The 
level of satisfaction for each structure has been 
measured and determined. 
      The detailed structure of the SWP-Evaluator, 
with possibilities for grouping and cross-referencing 
the practices, enabled the SW process to be analyzed 
by: 

• Level of Maturity, which is exactly, defined 
stage with its attributes, areas, characteristics 
and especially best business practices in the 
development and maintenance of the SW. 
The Level of Maturity is not a subjective 
category, but rather an objective one. 

• Key Process Areas (KPA) identify a cluster 
of related activities that, when performed 
collectively, achieve a set of goals 
considered important for enhancing the 
process capability. The path of achieving the 
goals may differ across projects based on 
differences in application domains and 
environments. 

• Common Features. The practices that 
describe the Key Process Areas are divided 
in common features. They are attributes that 
indicate whether the implementation and 
institutionalization of a key process area is 
effective, repeatable and lasting. 
Commitment to Perform - typically involves 
establishing of organizational policies and 
leadership.  
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Ability to Perform - involves resources, 
organizational structures and training.  
Activities Performed - typically involves 
establishing plans and procedures, 
performing the work, tracking it and taking 
corrective actions. 
Measurement and Analysis - includes 
examples of measurements to determine the 
status of the SW process.  
Verifying Implementation - typically 
encompasses reviews and audits by 
management and software quality assurance. 

 
• Groupings of the practices, defining different 

process categories like management, 
organizational and engineering practices etc. 

• Analysis of individual Key Practices. 
 
      The purpose of this paper is not to present the 
whole spectrum of results obtained but rather to 
demonstrate the possibilities of an efficient 
methodology for self assessment of a SW process. 
Therefore we present just an example of the Key 
Process Area analysis. 

 
Figure 6. Goals achieved (in %) for Level 2 and 

Level 3, for Project 1 and Project 2 

      From the analysis of the Levels of Maturity in 
this particular case has been concluded that the 
present status of maturity of the SW process this 
company is in a transition from the Initial Level, to 
the Repeatable Level, or it converegates to the Level 
2 referently to the SW-CMM model. Besides the fact 
that the goals of Level 2 for the recent projects are 
achieved, still the existence of certain number of 
older projects and lower performances of some key 
processes ("SW quality assurance" and "SW 
configuration management") lead to the conclusion 
that the SW process is not stabilized on Level 2. It 
means that some policies and procedures for SW 
project management are established. Implementing a 
fundamental discipline in project management 
increases the capability of the SW process. The 
projects implement processes that are, to a certain 
extent, defined, documented, measured and 
controlled. But, it doesn't represent the standard 
organizational process whose subset of practices 
could be implemented by the new projects. 
 
       Further on, the SW process has been analyzed by 
process categories, key process areas, common 
features, even by individual practices. 
      The applied methodology for SW process 
assessment based on the referent model SW-CMM 
and the derived profile of key process areas were 
basis for identification of key weaknesses of the 
organizational SW process. Those prioritized critical 
points are goals in the SPI. 
      The main goal in the strategy for the 
improvement of the company’s SW process was to 
apply practices that would stabilize the process on a 
"Repeatable level" or Level 2 of the model.  
       From the general directions for process 
improvement (Humphrey W. 1989) and from the 
analysis of the results, four areas for the SW process 
improvement have been assessed and defined: 
 

• Management system  
• Process of planning  
• SW quality assurance 
• SW configuration management 

 
 
6. Conclusion 
 
       In this paper, a methodology for relatively fast 
and efficient self-assessment and evaluation of a SW 
process was presented. The Referent Model used was 
the Capability Maturity Model for SW, developed by 
SEI group at the Carnegie Mellon University. 
       The methodology was developed and tested on 
the SW process in a large industry company in 
Skopje and implemented in several others. 
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The methodology is unique in:  
 
      Formalization of the whole structure of the 
complex model SW-CMM which enables statistical 
evaluation of the goals achievement on different 
layers of the model, starting from the bottom 
practices to the Levels of Maturity. This provides 
flexible and detailed analysis of the SW process. 
      The objectivity of the input data and the 
objectivity of the results interpretation, which is often 
a problem, were increased by organizing a Document 
Database as an input in the various structures of the 
referent model. This considerably speeds up the 
appraisal method. What is more important, the 
database as designed shapes the Standard SW 
process for the Organization.  
 
      The flexibility and modularity of the logical 
model of the methodology enables very deep analysis 
of the process aspects.  
 
      For each of these aspects, areas strategies and 
action plans for improvements were developed. New 
organizational structures, working procedures, 
documents, measurement methods, and estimation 
methods in some sub-processes were defined. In the 
implementation phase of the plan for improvement, 
these areas should be treated as a network of related 
activities. 
       It is very important to point out that the SW 
process is a complex process and involves many 
different activities. The areas of improvement 
determined with the methodology don't necessarily 
cover all the important aspects of the process, but 
certainly are of highest priority for this specific SW 
process. In the broader business context, the initiative 
for SW process improvement should be coupled with 
the strategic goals of the organization. Without this 
the improvements are not sustainable. The 
application of certain practices is highly dependent 
on the specific domain and working environment and 
no problem has unique solution. CMM is a 
necessary, but not sufficient technology (Sakamoto et 
al. 1996). The model doesn't solve the specific 
problems related to a specific project or situation, but 
revealing the weaknesses and critical points in the 
SW process, increases the ability for continuous 
improvement, step by step. Therefore, the presented 

methodology where over 350 practices of the SW 
process have been evaluated is a powerful tool for 
SW process assessment and improvement. 
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Abstract – There are three possible behavioral 

patterns for the WHILE loop: it does not terminate, it 
potentially terminates and its termination is 
guaranteed. Based on that, to describe the behavior of 
the WHILE loop we introduce appropriate formulas of 
the first-order predicate logic defined on the abstract 
state space (briefly S-formulas). This paper presents 
our approach to analyzing the WHILE loop semantics 
that is solely based on the first order predicate logic. 

Keywords – Theory of programming, loop semantics. 
 
 
1. Introduction 

 
Semantics reveals the meaning of syntactically 

valid strings in a language. For natural languages, 
this means correlating sentences and phrases with the 
objects, thoughts, and feelings of our experiences. 
For programming languages, semantics describes the 
behavior that a computer follows when executing a 
program in the language. We might disclose this 
behavior by describing the relationship between the 
input and output of a program or by a step-by-step 
explanation of how a program will execute on a real 
or an abstract machine [1]. 

In giving a formal semantics to a programming 
language we are concerned with building a 
mathematical model. Its purpose is to serve as a basis 
for understanding and reasoning about how programs 
behave. Not only is a mathematical model useful for 
various kinds of analysis and verification, but also, at 
a more fundamental level, because simply the 
activity of trying to define the meaning of program 
constructions precisely can reveal all kinds of 
subtleties of which it is important to be aware. The 
techniques used in semantics lean heavily on 
mathematical logic. They are not always easily 
accessible to a programmer, without a good 
background in logic [2]. 

The relevance of conditions in reasoning about 
programs was known to von Neumann and Turing 
[3]. Floyd suggested that the assertions encapsulate 
the meaning of a program [4]. Hoare introduced an 
axiomatic approach, well known as Hoare logic, 
where the laws of reasoning with assertions were 
accepted as an axiomatic definition of the meaning of 
the whole programming language [5]. The axiomatic 
approach was adopted also by Dijkstra [6,7]. After 
that, Hoare and Jifeng in Unifying Theories of 
Programming introduced an approach that is not 
axiomatic [8]. They proved the necessary laws as 

theorems based on an independent mathematical 
definition of the meaning of a program as a relation. 
The axioms postulated in Hoare logic are proved as 
the theorems of the more basic theory, such as the 
first-order predicate logic. 

In this paper, we consider WHILE loop semantics 
by using so-called S-formulas, that are actually 
formulas of the first-order predicate logic defined on 
the abstract state space. That actually was the reason 
for naming them”S-formulas”, after the word ”state”. 
Thus, our approach is based on the idea that 
programs may be treated as predicates [8,9,10,11,12] 
and clearly separates the interpretation domain from 
the abstract state domain [13]. Using a set of abstract 
states provides an advantage to our approach. This 
means that we do not need an exact description of 
every abstract state, thus avoiding the use of the 
program state vector (vector of all program 
variables). It is known that the use of state vector 
introduces certain difficulties [7]. 

The paper is structured as follows. The Section 2 
considers behavioral patterns for the WHILE loop. In 
the Section 3, we introduce appropriate S-formulas 
used for analyzing WHILE loop semantics. Based on 
that, we will analyze concrete examples in the 
Section 4. The paper ends with conclusions and 
directions for further research. 
 
 
2. Behavioral patterns of the WHILE loop 
 

In programming languages, a WHILE loop is a 
statement that means the cyclic execution of the loop 
body based on a given Boolean condition. In every 
cycle, the condition is checked before the execution 
of the loop body. If the condition is true, the loop 
body will be executed and this is repeated until the 
condition becomes false. If the condition becomes 
false after the finite number of cycles, we say that the 
given WHILE loop terminates.  

Let us consider the following WHILE loop written 
in pseudo code: 
 
WHILE a>0 DO 
BEGIN 
 IF a>5 THEN 
  a:=a+1; 
 a:=a-1; 
END; 
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Obviously, for a>5 the WHILE loop does not 
terminate. The WHILE loop terminates for a≤5, but 
we note three cases: 
• for a≤0, the loop body is never executed, 
• for a=1, the loop body is executed only once, 
• for 2≤a≤5, the loop body is executed several 

times. 
Now, let us consider the second example: 
 
WHILE a>0 DO 
BEGIN 
 IF a>5 THEN 
  a:=a+1; 
  a:=a-1 ∨ a+1; 
END; 
 
Again, the WHILE loop terminates for a≤0 since its 
body is never executed. But, for 1≤a≤5 the WHILE 
loop may or may not terminate, i.e. it terminates 
potentially, since 
 

a:=a-1∨a+1; 
 
is a non-deterministic statement. Let us note that for 
1≤a≤5 the previous WHILE loop surely terminates, 
i.e. the termination is guaranteed. Based on that, we 
observe three behavioral patterns of the WHILE loop: 
• non-termination, 
• potential termination, 
• guaranteed termination.  
 
 
3. S-formulas 
 

Formulas of the first-order predicate logic defined 
on the abstract state space we call briefly S-formulas. 
In this paper we use the following concepts and 
notation: 

 
• The set of abstract states A, 
• State variables (S-variables) x, y, z, … , 
• State constants (S-constants) s1, s2, s3, … , 
• Unary S-formulas or S-predicates P, Q, B, … , 
• Binary S-formulas or S-relations S1, S2, S3, … , 
• Program variables a, b, c, … , 
• Program constants c1, c2, c3, … . 
 

Let {a1, a2, ... , an} be a set of program variables, 
which take values from sets D1, D2, ... , Dn 
respectively. Interpretation of the set A with respect 
to the set {a1, a2, ... , an} is a bijection that maps any 
S-constant from A to the appropriate vector of 
program constants from D1, D2, ... , Dn (usually 
called state vector). S-relation S(x,y) contains ordered 
pairs (x,y), where x∈A is the initial state and y∈A is 
the final state. Interpreted S-relation on the set A is 

called syntactic unit on program variables {a1, a2, ... 
, an}. A syntactic unit may be written in many 
different ways (program code is just one of them), 
and it can refer to a statement, block, subprogram or 
program. This means that we observe two domains: 
the abstract state domain with S-constants, S-
variables, S-predicates and S-relations and the 
interpretation domain with vectors of program 
constants, program variables, predicates and 
syntactic units. To simplify, S-constant is interpreted 
as a vector of program constants from the set D1, D2, 
... , Dn, S-predicate is interpreted as a Boolean 
expression, and S-relation as a syntactic unit with 
program variables {a1, a2, ... , an}. Interpretation is 
denoted by “:”. For example, x: a>0∧b=5 means that 
S-variable x represents all states in which program 
variables a and b satisfy a>0 and b=5. 

 
 
Let us consider the following WHILE loop: 
 
WHILE condition DO 
 loop_body; 
 
Let 
B: condition, 
S: loop_body, 
x, y, y1, y2, ... , yn∈A. 
 
S-formulas SP and SG are defined in the following 
way: 
 
DEFINITION 3.1. 
∀x∀y SP(x,y) ⇔ [¬B(x) ∧ x=y] ∨ [B(x) ∧ S(x,y) ∧ 
¬B(y)] ∨ [∃y1∃y2 ... ∃yn B(x) ∧ S(x,y1) ∧ B(y1) ∧ 
S(y1,y2) ∧ B(y2) ∧ S(y2,y3) ∧ ... ∧ B(yn) ∧ S(yn,y) ∧ 
¬B(y)], 
 
DEFINITION 3.2. 
∀x∀y SG(x,y) ⇔ [¬B(x) ∧ x=y] ∨ [B(x) ∧ S(x,y) ∧ 
¬B(y)] ∨ [∀y1∀y2 ... ∀yn B(x) ∧ S(x,y1) ∧ B(y1) ∧ 
S(y1,y2) ∧ B(y2) ∧ S(y2,y3) ∧ ... ∧ B(yn) ∧ S(yn,y) ∧ 
¬B(y)]. 
 
If we analyze the given WHILE loop using both 
formulas we arrive to the more complete insight in its 
behavior: 
1.) If the initial state x satisfies ∀y, (x,y)∉SP then the 
loop does not terminate from the state x. 
2.) If the initial state x satisfies ∀y, (x,y)∈SP ∧ (x,y)
∉SG then the loop potentially terminates from the 
state x. 
3.) If the initial state x satisfies ∀y, (x,y)∈SG then the 
loop inevitably terminates from the state x. 
 

S-formulas SP and SG consist of three disjunctive 
parts. The first ∀x∀y ¬B(x) ∧ x=y covers the case 
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when the loop body is not executed at all. The second 
∀x∀y B(x) ∧ S(x,y) ∧ ¬B(y) refers to the case when 
the body is executed exactly once. The third part is 
an (n+2)-ary S-formula where n is a number of 
intermediate states y1, y2, ... , yn traced by the loop. 
The difference between S-formulas SP and SG is in 
the third part, in which SP contains existential 
quantifiers (i.e. ∃y1∃y2 ... ∃yn) while in SG the 
quantifiers are universal (i.e. ∀y1∀y2 ... ∀yn). 
Apparently, the S-formula SG is stronger than SP, i.e. 
SG ⊆ SP, or ∀x∀y SG(x,y) ⇒ SP(x,y). In other words, 
if (x,y)∈SG, then (x,y)∈SP, while the opposite is not 
true. The S-formula SG eliminates all initial states 
from which the loop (only) potentially terminates 
thus leading to the guaranteed termination. 

Potential termination and non-termination are more 
of a theoretical value, while for the programming 
practice the most important case is guaranteed 
termination. Moreover, loops must terminate in the 
acceptable time interval [14,15]. In the Example 4.1 
we will show that an infinite cycle conforms to the 
empty set. In the Example 4.4 we will consider a 
potential termination, where the difference between 
the S-formulas SP and SG is apparent. 
 
 
4. Examples 
 
4.1. Let us prove ∀x∀y SP(x,y) ≡ ⊥ for the infinite 
loop 
 
WHILE true DO 
  loop_body; 
 
Let 
B: true 
S: loop_body 
x, y, y1, y2, ... , yk-1, yk, yk+1∈A 
 
Clearly, 
∀x B(x) ≡ ⊤. 
 
Let 
∀x∀y1 S(x,y1) 
∀y1∀y2 S(y1,y2) 
. . . 
∀yk−1∀yk S(yk−1,yk) 
∀yk∀yk+1 S(yk,yk+1) 
. . . 
 
We will prove by induction that the program does not 
terminate from the initial state x. After the first pass 
B(y1) is true, so apparently the program does not 
terminate. If we suppose that the program did not 
terminate after the k-th pass and B(yk) is true, then 
after the k+1-th pass B(yk+1) holds. Consequently, the 

program does not terminate after the k+1-th pass. 
From the Definition 3.1 we conclude that S-formula 
SP does not contain the ordered pair (x,y) with x and 
y being respectively the initial and the final state. 
This proves that for any initial state x a final state 
does not exist, i.e. that SP is an empty set or ∀x∀y 
SP(x,y) ≡ ⊥. 
 
4.2. Let us prove ∀x∀y SG(x,y) ≡ x: a≤0 ∧ y=x for 
 
WHILE a>0 DO 
  a:=a+1; 
 
Let 
B: a>0 
S: a:=a+1; 
x, y, y1, y2, ... , yk-1, yk, yk+1∈A 
 
Apparently, 
∀x, x: a>0, B(x) ≡ ⊤, 
∀x, x: a≤0, ¬B(x) ≡ ⊤. 
 
From the Definition 3.2, we obtain: 
∀x, x: a≤0, ∀y SG(x,y) ⇔ ¬B(x) ∧ x=y ⇔ ⊤ ∧ x=y 
⇔ x=y, 
i.e. 
∀x∀y SG(x,y) ⇔ x: a≤0 ∧ y=x. 
 
By a′, a′′, ... , a(k) we denote the value of the program 
variable a after the first, second, ... , k-th pass. S-
relation S is the assignment, so we obtain: 
 
∀x∀y1 S(x,y1) ⇔ x: a>0 ∧ y1: a′=a+1 
∀y1∀y2 S(y1,y2) ⇔ y1: a′>0 ∧ y2: a′′=a′+1 
. . . 
∀yk-1∀yk S(yk-1,yk) ⇔ yk-1: a(k-1)>0 ∧ yk: a(k)=a(k-1)+1 
∀yk∀yk+1 S(yk,yk+1) ⇔ yk: a(k)>0 ∧ yk+1: a(k+1)=a(k)+1 
. . . 
 
The proof that the program does not terminate from 
the initial state x: a>0 is by induction. Since B(y1) is 
true, the program does not terminate after the first 
pass. If we suppose that the program did not 
terminate after the k-th pass and B(yk) is true, then 
after the k+1-th pass B(yk+1) holds, so the program 
does not terminate after the k+1-th pass. From the 
Definition 3.1 (similarly to the Example 4.1) we 
obtain 
 
∀x, x: a>0, ∀y SP(x,y) ≡ ⊥. 
 
Since SG ⊆SP, we conclude 
∀x, x: a>0, ∀y SG(x,y) ≡ ⊥. 
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So far we have proven that starting from the state x: 
a≤0 the cycle is guaranteed to terminate, while from 
the state x: a>0 it does not terminate. Finally, we 
obtain 
∀x∀y SG(x,y) ≡ [x: a≤0 ∧ y=x] ∨ ⊥,  
i.e. 
∀x∀y SG(x,y) ≡ x: a≤0 ∧ y=x. 
 
4.3. In this example we will prove ∀x∀y SG(x,y) ⇔ 
[x: a=0 ∧ y: a=1] ∨ [x: a≠0 ∧ y=x] for 
 
WHILE a=0 DO 
  a:=a+1; 
 

Let 
B: a=0 
S: a:=a+1; 
x, y∈A 
 
Clearly, 
∀x, x: a=0, B(x) ≡ ⊤, 
∀x, x: a≠0, ¬B(x) ≡ ⊤. 
 
S-relation is the assignment and we obtain: 
∀x, x: a=0, ∀y S(x,y) ⇔ x: a=0 ∧ y: a=1. 
 
Definition 3.2 leads to 
∀x, x: a=0, ∀y SG(x,y) ⇔ ¬B(x) ∧ ¬B(y) ∧ S(x,y) ⇔ 
⊤ ∧ ⊤ ∧ [x: a=0 ∧ y: a=1], 
i.e. 
∀x∀y SG(x,y) ⇔ x: a=0 ∧ y: a=1. 
 
On the other hand 
∀x, x: a≠0, ∀y SG(x,y) ⇔ ¬B(x) ∧ x=y ⇔ ⊤ ∧ [x: 
a≠0 ∧ y=x], 
i.e. 
∀x∀y SG(x,y) ⇔ x: a≠0 ∧ y=x. 
 
We have proven that starting from any state x∈A the 
cycle is guaranteed to terminate. Finally, 
∀x∀y SG(x,y) ⇔ [x: a=0 ∧ y: a=1] ∨ [x: a≠0 ∧ y=x]. 
 
4.4. Prove that ∀x∀y SG(x,y) ⇔ x: a≤0 ∧ y=x for 
 
WHILE a>0 DO 
  a:=a-1∨a+1; 
 
Let 
B: a>0 
S: a:=a-1∨a+1; 
x, y, y1, y2, ... , yk-1, yk, yk+1∈A 
 
Obviously, 
∀x, x: a>0, B(x) ≡ ⊤, 

∀x, x: a≤0, ¬B(x) ≡ ⊤. 
 
From the Definition 3.2 we obtain: 
∀x, x: a≤0, ∀y SG(x,y) ⇔ ¬B(x) ∧ x=y ⇔ ⊤ ∧ x=y 
⇔ x=y, 
i.e. 
∀x∀y SG(x,y) ⇔ x: a≤0 ∧ y=x. 
 
S-relation S is a non-deterministic syntactic unit, so 
we obtain: 
∀x, x: a>0, ∀y S(x,y) ⇔ x: a>0 ∧ y: a′=a−1∨a′=a+1. 
 
Based on that, we obtain the following S-formulas: 
 
∀x∀y1 S(x,y1) ⇔ x: a>0 ∧ y1: a′=a−1∨a′=a+1 
∀ y1∀y2 S(y1,y2) ⇔ y1: a′>0 ∧ y2: a′′=a′−1∨a′′=a′+1 
. . . 
∀yk-1∀yk S(yk-1,yk) ⇔ yk-1: a(k-1)>0 ∧ yk: a(k)=a(k-1)−1∨ 
a(k)=a(k-1)+1 
∀yk∀yk+1 S(yk,yk+1) ⇔ yk: a(k)>0 ∧ yk+1: a(k+1)=a(k)−1∨ 
a(k+1)=a(k)+1 
. . . 
 
     We will prove by induction that the program 
potentially terminates from the initial state x: a>0. 
After the first pass B(y1) may or may not hold so the 
program may or may not terminate. If we suppose 
that the program did not terminate after the k-th pass, 
then after the k+1-th pass B(yk+1) may or may not 
hold. Apparently, the program may or may not 
terminate, so we conclude that starting from the state 
x: a>0 program potentially terminates. In other 
words, based on the Definition 3.1 we obtain: 
∀x, x: a>0, ∀y SP(x,y) ≡ ⊤. 
 
However, from the Definition 3.2 follows: 
∀x, x: a>0, ∀y SG(x,y) ≡ ⊥. 
 
Finally, we obtain: 
∀x∀y SG(x,y) ⇔ [x: a≤0 ∧ y=x] ∨ ⊥, 
i.e. 
∀x∀y SG(x,y) ⇔ x: a≤0 ∧ y=x. 
 
 
4.5. We will prove ∀x∀y SG(x,y) ⇔ [x: a≤0 ∧ y=x] ∨ 
[x: a>0 ∧ y: a=0] for 
 
WHILE a>0 DO 
BEGIN 
  a:=a−1; 
  b:=b−1∨b+1; 
END; 
 
Let 
B: a>0 
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S: a:=a−1; b:=b−1∨b+1; 
x, y, y1, y2, ... , yk-1, yk, yk+1∈A 
 
As in the Example 4.4, based on the Definition 3.2 
we obtain: 
∀x, x: a≤0, ∀y SG(x,y) ⇔ ¬B(x) ∧ x=y ⇔ ⊤ ∧ x=y 
⇔ x=y, 
i.e. 
∀x∀y SG(x,y) ⇔ x: a≤0 ∧ y=x. 
 
In addition, we obtain the following S-formulas: 
 
∀x∀y1 S(x,y1) ⇔ x: a>0 ∧ y1: 
a′=a−1∧(b′=b−1∨b′=b+1) 
∀y1∀y2 S(y1,y2) ⇔ y1: a′>0 ∧ y2: 
a′′=a′−1∧(b′′=b′−1∨ b′′=b′+1) 
. . . 
∀yk-1∀yk S(yk-1,yk) ⇔ yk-1: a(k-1)>0 ∧ yk: a(k)=a(k-

1)−1∧(b(k)= b(k-1)−1∨b(k)=b(k-1)+1) 
∀yk∀yk+1 S(yk,yk+1) ⇔ yk: a(k)>0 ∧ yk+1: a(k+1)=a(k)−1∧ 
(b(k+1)=b(k)−1∨b(k+1)=b(k)+1) 
. . . 
 
From the Definition 3.2 follows: 
∀x, x: a>0, ∀y, y: a=0, SG(x,y), 
i.e. 
∀x∀y SG(x,y) ⇔ x: a>0 ∧ y: a=0. 
 
We have proven that starting from any state x∈A 
cycle must terminate. Finally, we obtain 
∀x∀y SG(x,y) ⇔ [x: a≤0 ∧ y=x] ∨ [x: a>0 ∧ y: a=0]. 
 
 
 
5. Conclusion 
 
      In this paper we have introduced appropriate S-
formulas that describe three possible behavioral 
patterns for the WHILE loop: it does not terminate, it 
potentially terminates and its termination is 
guaranteed. Based on that, we have developed an 
approach to the analysis of loop semantics and 
considered several examples. The future work will be 
aimed towards investigating algorithms for automated 
loop semantics proofs, thus providing a practical 
aspect to this research. 
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Abstract-The recent availability of inexpensive 
hardware, such as CMOS and CCD cameras, has 
enabled the new research field of wireless multimedia 
sensor networks. This is a network of interconnected 
devices, capable of retrieving multimedia content from 
the environment. In this type of network, the nodes 
usually have very limited resources, in terms of 
processing power, bandwidth and energy. Efficient 
coding of the multimedia content is therefore 
important. A new image compression codec, suitable 
for this type of network was developed, a very high 
compression ratio can be achieved, the compression 
rate varies depending on the content but it is usually 
between 90% and 99% compared to the previous 
camera network. 
 
Keywords-wireless sensor network, Fleck, image 
compression, packet format, entropy coding 
 
1. Introduction 

 
      Wireless Sensor Networks (WSN), are a new tool 
to capture data from the natural or built environment 
at a scale previously not possible. Typical WSN have 
the capability for sensing, processing and wireless 
communication, all built into a tiny embedded 
device. The increasing availability of low-cost 
CMOS or CCD cameras and digital signal processors 
(DSP), means that more capable multimedia nodes 
are now starting to emerge in WSN applications. 
This has lead to recent research field of Wireless 
Multimedia Sensor Networks (WMSN) that will not 
only enhance existing WSN applications, but also 
enable several new application areas [1]. One of the 
applications areas for the WSN is smart farming, 
where a sensor network can be used for monitoring 
the environment, to make better use of the land and 
water resources, which is even the application area 
for this work.  
 
2. Problem description 

 
     Systems have previously been developed to 
capture and send images back to a base station over a 
WSN, as shown in figure 1. The cameras are static 
and periodically capture an image that is transmitted 
back to the base station. The base station then inserts 
the images in a database that can be accessed over 
the Internet. The camera nodes, have limited 
resources in terms of processing power, bandwidth 
and energy. The energy consumption is a very 

important issue, since the nodes are battery powered 
and are supposed to run for a long time without the 
need of service from a user. To save power, the 
camera nodes, power down as much hardware as 
possible between images that are taken. It is also 
important to use efficient image compression 
algorithms, to reduce the time needed to transmit an 
image. This is also important, because the bandwidth 
for the wireless communication is only about 30-40 
kbps between the nodes. The existing systems did not 
use any compression of images at the camera node. 

 
Figure 1. An overview of the camera wireless sensor 

network system 

An uncompressed QVGA (320x240 pixels) image in 
the format used for transmission in the previous 
system, has a size of 153 600 bytes. This will take 
more than 40 seconds to transmit using 30 kbps 
radio. This is clearly a waste of energy and 
bandwidth, two very limited resources in the system. 
The aim of this  paper, is to develop an efficient 
image compression scheme and integrate it into the 
current system. This project did not include any 
hardware work, since the existing FleckTM platform, 
could be used. 
 
3. Related research 

 
     It is important for the agricultural industry to 
make optimal use of the resources. The modern 
farming is highly mechanized and involves very 
large areas per farmer. This makes it much more 
difficult for the modern farmer, to have good control 
of the land utilization.  
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        Sensor networks have been developed to 
provide information about the farm. Recently there 
have been several studies in wireless multimedia 
sensor networks. Compared to other projects in 
WSN, this project focuses more on low-bit rate 
image transmission over long-range outdoor sensor  
networks. There are two general approaches for low-
bit rate video coding. One is waveform-based coding 
and the other is model-based coding [2]. In the 
model-based coding technique, a model of the three-
dimensional scene is created, and then the 2-D 
images are analyzed and synthesized. This technique 
can achieve very low bit rate. It is however a very 
complicated technique and for this reason it is not 
interesting for this paper. Instead the waveform-
based approach is used where the compression is 
done on the 2-D image plane without considering the 
underlying 3-D scene. This approach is also used by 
all image and video coding standards today. 
     The most commonly used video encoding 
standards today, such as MPEG-4 [3] and H.264 [4], 
are based on the block-based hybrid coding. Here the 
encoder has much higher complexity compared to the 
decoder, usually 5-10 times higher [5]. For sensor 
networks the reversed relation is desired since the 
encoder usually runs on a battery powered device 
having very limited resources, whereas the decoder 
usually runs on a powerful computer. It is known 
from theoretical bounds established by Sleipian and 
Wolf for lossless coding [6] and by Wyner and Ziv 
[7] for lossy coding that efficient encoding can be 
achieved with the reverse complexity between 
encoder and decoder. 
      These techniques are usually referred to as 
distributed source coding. Recently there has been 
research to make use of this coding for sensor 
networks [8]. Although this is an interesting 
approach for image coding in sensor networks it is 
still much research left to do in this area before it 
really becomes useful in practical implementations. 
For this reason the distributed source coding 
approach was not considered. 
 
 
4. Hardware Platform 

 
4.1 Fleck3 

 
     The wireless sensor network hardware platform 
used in this project was the FleckTM[9].For software 
developing the TinyOS[10] operating system can be 
used on this platform. FleckTM has been especially 
designed for use in outdoor sensor networks for 
environmental monitoring and for applications in 
agriculture. Some of the features that make this 
platform suitable for outdoor deployments are long-
range radio and integrated solar-charging circuitry.  

For wireless sensors network the energy is a very 
important topic. To make use of all energy from the 
energy source a DC-DC converter is used. This 
enabled the FleckTM to work down to very low 
supply voltage. On the supply side a good source of 
energy are solar panels, especially in a sunny 
environment like Albania. The FleckTM has 
integrated solar-charging circuitry making it possible 
to connect a solar cell directly to one pair of 
terminals and the rechargeable battery to another 
pair.  The latest version, Fleck-3, is based on the 
Fleck-1c. The main improvement in Fleck-3 is a new 
radio, NRF905, capable of operating in all ISM 
bands (433MHz, 868MHz and 915MHz). This radio 
transceiver takes care of all framing for both sent and 
received packets, so the load on the microcontroller 
is therefore reduced. It also has a more sensitive 
radio compared to the Fleck-1c enabling a range of 
about 1km. The Fleck-3 platform is also designed for 
easy expansion via add-on daughterboards which 
communicate via digital I/O pins and the SPI bus.  
The two key daughterboards used in this project are 
described below. 
 

4.2 DSP Board 
 

      To be able to handle high-bandwidth data, like 
audio and video, a board having a second processor 
was designed. Communications with the Fleck-3 
baseboard is attained by SPI bus. Here the DSP board 
is the slave and the FleckTM is the master. This 
works fine if the processing time on the DSP is fixed, 
for instance when capturing and transferring an 
uncompressed image from the camera. In this 
configuration there is no way for the DSP board to 
inform the FleckTM when it has finished 
compressing an image. Instead the FleckTM must 
poll the DSP board to get information about the 
processing of an image is completed. 
Communication with the camera is controlled by a 
FPGA. The DSP board sets parameters on the camera 
using the IIC bus. The transmission of an image from 
the camera to the SRAM on the DSP board is done 
by DMA. 
The smallest size data accessible in memory on this 
DSP is 16-bit but the pixel values from the camera 
are sampled in 8-bit. To avoid using shifting and 
masking when accessing the stored pixel values, each 
8-bit value is stored as a 16-bit value. This means 
that the usable memory is basically reduced to half 
that is 512kB. 
 

4.3 Camera Board 
 

     The camera board has an Omnivision VGA 
640x480 colour CCD sensor (OV7640). The sensor 
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is progressive scan and supports windowed and sub-
sampled images. The camera parameters can be set 
by the DSP over the local IIC bus. An FPGA on the 
DSP board is used to move the image into external 
SRAM. 
     Combining a FleckTM with the DSP board and a 
camera board creates a highly functional network 
camera node. To save power, the DSP and the 
camera have to be turned off most of the time 
[12].When the camera is powered on, must be 
initiated using the IIC bus, this includes setting 
parameters for auto white balance and image format.  
The entire initiation process currently takes a few 
seconds, since the camera needs time to settle before 
the first image can be taken after initiation. This can 
be a. problem in applications where an image must 
be captured frequently. To take an image after the 
camera has been powered up and initiated the DSP 
toggles a GPIO pin. The FPGA will then get an 
image from the camera and DMA it into the SRAM. 
 
 
5. Image Compression 

 
5.1 Overview 

 
     The compression of an image at the sensor node 
includes several steps. The image is first captured 
from the camera. It is then transformed into a format 
suitable for image compression. Each component of 
the image is then split into 8x8 blocks and each block 
is compared to the corresponding block in the 
previous captured image, which iscalled the reference 
image. The next step of encoding a block involves 
transformation of the block into the frequency plane. 
This is done by using a forward discrete cosine 
transform (FDCT). The reason for using this 
transform is to exploit spatial correlation between 
pixels. After the transform most of information is 
concentrated to a few low-frequency components. To 
reduce the number of bits needed to represent the 
image, these components are then quantized. This 
step will lower the quality of the image by reducing 
the precision of the components. The trade off 
between quality and produced bits can be controlled 
by the quantization matrix, which will define the step 
size for each of the frequency component. The 
components will also be ZigZag scanned to put the 
most likely non-zero components first and the most 
likely zero components last in the bit-stream. The 
next step is entropy coding. We use a combination of 
variable length coding (VLC) and Huffman 
encoding. Finally data packets are created suitable 
for transmission over the wireless sensor network. 
And overview of the encoding process is shown in 
Figure 2. 
 

 

 
Figure 2. Overview of the encoding process for an image 

block 
 

5.2 Pre-processing 
 

      Processing of the image is done on blocks of 8x8 
pixels. To generate these blocks the image is first 
divided into macro-blocks having 16x16 pixels. The 
first macro-block is located in the upper left corner 
and the following blocks are ordered from left to 
right and each row of macro-blocks is ordered from 
top to bottom. Each macro-block is then further 
divided into blocks of 8x8 pixels. For each macro-
block of a YUV 4:2:0 image there will be four blocks 
for the Y component and one block for each of the U 
and V component. The order of the blocks within a 
macro-block is shown in Figure 3. A QVGA image 
in the format YUV 4:2:0 will have 20 macro-blocks 
in horizontal direction and 15 macro-blocks in 
vertical direction, a total of 300 macro-blocks. Each 
of the macro-block contains six blocks. The image 
will therefore have a total of 1 800 blocks.  
 

5.3 Prediction 
 

       Since the camera is static, in this application it is 
possible to make use of the correlation between 
pixels in the temporal domain, between the current 
image and the reference image. The previous 
encoded and decoded frame is stored and used as 
reference frame. 

 
Figure 3. The order of blocks within a macro-block 

 
      Three approaches are taken in the way blocks are 
dealt with at the encoder (camera node) side: Skip 
block: If this block and the corresponding reference 
block are very similar then the block is not encoded. 
Instead only information that the block has been 
skipped and should be copied from the reference  
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image at the decoder side is transmitted. Intra-block 
encode: Encoding is performed by encoding the 
block without using any reference. Inter-block 
encode: Encoding is performed by encoding the 
difference between the current block and the 
corresponding block in the reference frame. 
First the mean-square error (MSE) between this 
block and corresponding block in the reference frame 
is calculated. 
If the current block is denoted by 1 and the reference 
block by 2 the MSE is given by: 

 
(1)

  
 

where  N is the total number of pixels in either block. 
If the MSE is below some threshold the block is 
encoded as a skip-block and no further processing of 
the block is performed. For non-skip blocks both 
intra and inter-block encoding is performed where 
the type producing the least bits is selected for 
transmission. For the inter-block encoding a new 
block containing the difference between the current 
block and the corresponding reference block is first 
created. For the difference block the notation 3 is 
used. This block is given by: 

(2) 
 
 

      For inter-block encoding, this is the block used 
for further processing. For the intra-block encoding 
the current block is used for further processing 
without any prediction to reference blocks. A header 
is added to each block that will inform the decoder 
about the type of block. The header for a skip block 
is one bit and for non-skip blocks two bits. Since 
both the encoder and the decoder must use the same 
reference for prediction. The encoder must also 
include a decoder. In the case of a skip-block the 
reference block is not updated. For both intra-
encoded and inter-encoded blocks, the block is 
decoded after encoding and the reference image is 
updated. 

5.4 Discrete Cosine Transform 
       In this step each block is transformed from the 
spatial domain to the frequency domain. This will 
generate a matrix of 8x8 frequency coefficients. 
After this transformation, most information in the 
block will be concentrated to a few low-frequency 
components. The forward DCT transform is given in 
Eq.(3) and the inverse DCT transform is given in 
Eq.(4). 

 
(3) 
 
(4) 

where: 
1 , 0

( ) 2
1,

for

otherwise

ξ
ξ

 → = Λ =  
 →   

       
     Since energy consumption is of high priority on 
battery powered sensor nodes, an efficient algorithm 
for the DCT transform is desired. This is an 
important problem in the video and image coding 
community, therefore fast DCT algorithms have been 
studied extensively.  In this project a DCT transform 
presented in a paper by Loeffler,[11] was used. To 
make it run efficiently on a DSP, the implementation 
was done by only using integer multiplications. To 
do a DCT transform of a block the total number of 8-
point transforms used was 16. 

5.5 Quantization 
 

      The information for the chrominance coefficients 
is also reduced more compared to the luminance 
coefficients. The matrices for the step-size used for 
different coefficients are shown in Table 1. The 
quantizer step-size for each frequency coefficient, 
Suv, is the corresponding value in Quv. The uniform 
quantization is given in:    

   
  

 (5) 
 

whereSquvis the quantized frequency coefficient. To 
enable the efficient entropy coding of the quantized 
frequency coefficients, the order of which they are 
stored is changed.  

 
Table 1. Quantization matrix for the luminance and 

chrominance coefficients. 
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12 12 14 19 26 58 60 55 
14 13 16 24 40 57 69 56 
14 17 22 29 51 87 80 62 
18 22 37 56 68 109 103 77 
24 35 55 64 81 104 113 92 
49 64 78 87 103 121 120 101 
72 92 95 98 112 100 103 99 
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The purpose of this is to move the coefficients that 
are more likely to be zero towards the end, known as 
zigzag scan. 

5.6 Entropy Coding 
      To reduce the number of bits needed to represent 
the quantized coefficients, the code words are 
encoded using a combination of run-length encoding 
(RLE) and Huffman encoding. For the DC 
coefficient, it is first predicted from the DC 
coefficient in the previous block. To make the 
encoding less sensitive for losses, the DC coefficient 
in the first block in each row of blocks is not 
predicted. The coefficient is divided into two parts. 
One part is a symbol for the category and the other 
part is additional bits to describe the value within a 
category. The symbol for the category is encoded 
using a Huffman codeword. The AC coefficients are 
encoded using a combination of RLE and Huffman 
encoding. The quantized coefficients usually contain 
many zero values. To encode these efficiently each 
Huffman symbol has two parts. The first part is the 
run-length. This is the number of zero coefficients in 
front of the first non-zero coefficient. The next part is 
the category for the non-zero coefficient. These two 
parts are labelled and sized respectively in the 
Huffman table. The symbol is encoded using 
Huffman a codeword. This is followed by a number 
of bits to describe the value of the coefficient within 
a category. The maximum run-length is 15 and if the 
number of consecutive zero coefficients is more than 
this number, a special codeword is used. This is the 
ZRL code and it represents 16 consecutive zero 
coefficients. If all remaining coefficients have the 
value zero a special codeword is used. This is the end 
of block (EOB) codeword. 

5.7 Huffman table 
      Currently a fixed and pre-shared Huffman table is 
used for encoding and decoding the DC and AC 
coefficients. Different tables are used for AC and DC 
components and different tables are also used for 
luminance and chrominance coefficients, a total of 
four tables. These are the typical Huffman tables 
given in the Jpeg [13] standard and they are 
calculated based on the statistical properties from a 
large amount of images. To prepare for the feature of 
sending custom Huffman tables from the encoder to 
the decoder, the tables are compressed at the encoder 
side. A compressed table contains two lists. One list 
is for the number of code words of each length and 
the other list is a list of symbols. When the Huffman 
table is decoded a binary tree is built. To assign code 
words to symbols, the tree is traversed using depth 
first. When a vertex is visited, it will be assigned a 
symbol, if all symbols of the given level (code 
length) have not already been assigned. A  

 vertex that has an assigned symbol will become a 
leaf in the tree. The code for each symbol, is built up 
from the path, beginning from the root of the tree to 
the vertex. The first path visited from a vertex will be 
assigned the bit “0” and the second path visited will 
be assigned the bit “1”. 
       The uncompressed Huffman tables are stored as 
a list of code words, containing both the actual 
codeword and the length of the codeword. For 
encoding this is a good data structure since the 
encoding process involves assigning a codeword to a 
symbol and this can be directly looked up in the list. 
For decoding a tree would be a much better data 
structure. However since the decoding is done on a 
node where computational resources and energy 
consumption is not an issue, a list is also used at the 
decoder side. 
 
6. Wireless communication 
      A protocol was developed to transport 
compressed images from the camera node back to the 
base station. This protocol must be able to fragment 
the image to small packets on the sender side and 
reassemble the packets at the receiver side. The 
FleckTM nodes used for wireless communication 
have a maximum packet size of 27 bytes. The 
Huffman encoding used in the image compression 
requires that the decoding starts from the beginning 
of a block. To make it possible, restart the decoding. 
If some data is lost in the transmission 
resynchronization, markers can be used. This will 
however add extra data and the encoding efficiency 
will be reduced. In this work no resynchronization 
markers are added to the bit stream. Instead an 
integer number of blocks is put into each packet 
transmitted over the wireless channel. By using this 
method it is possible to decode each packet even if 
previous packets have been lost. 
 
Table 2.Categories for the predicted value for DC 
coefficients 

Symbol Predicated value 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

0 
-1,1 

-3,-2,2,3 
-7..-4,4...7 

-15..-8,8..15 
-31..-16,16..31 
-63..-32,32..63 

-127..-64,64..127 
-255..-128,128..255 
-511..-256,256..511 

-1 023..-512,512..1023 
-2 047..-1024,1 024..2 047 
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Table 3. Categories for the AC coefficients 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Packet format 
 
      Since packets can be lost each packet must 
contain information about which part of the image 
data that is included in the packet. For this an offset 
to the first block in the packet is stored. This is the 
offset from the first block in the images. The number 
of blocks in the packet is also stored in the packet 
header. Since the base station should be able to 
handle images from several camera nodes, a field 
informing the receiver about the sending node is 
needed. Each node can have several sensor sending 
data. For instance one node can have both a camera 
and a temperature sensor. For this reason there must 
also be a field informing the receiver about the type 
of data, that is included in the packet.  
The total packet header is 8 bytes. Since the 
maximum packet size is 27 bytes, this is a relatively 
high packet overhead. 
 

7. Error Control 
 

      Another error control method used in this project 
at the encoder side is to periodically force each block 
to be encoded as an intra block. Because of the 
predicatively coding technique used, a lost block will 
not only cause error in the current image, but the 
error will also continue to propagate into the 
following frames. By sending an intra block, that is 
not predicatively coded, the error propagation will 
stop. The maximum number of non-intra blocks to be 
encoded before a block is forced to intra mode, can 
be set. The maximum amount of forced intra blocks 
per frame can also be set, to avoid the size of the 
encoded images varies too much. 
 
 
 
 
 

8. Implementation 
 

      A system that sends uncompressed images from a 
camera node to a base station had been developed. 
The existing source code for the DSP to grab an 
image could be reused. On the DSP the major part 
was to implement the compression of an image. For 
wireless communication the protocol to schedule 
cameras and other functionalities, could also be 
reused. The packet format had to be changed to 
handle the variable length data that followed from the 
compression of images. This was also true for the 
communication between the DSP daughterboard and 
the FleckTM node. At the base station the decoding 
of images, has to be added. The encoder was 
implemented in C on the DSP and the decoder was 
implemented in JAVA at the base station. To 
simplify the development process, the encoder and 
decoder was first implemented in a Linux program 
using C. This made testing of new algorithms and 
bug fixing much easier. For testing pre-stored images 
from the sensor network was used. After the Linux 
version was developed, the encoder was moved to 
the DSP and the decoder was moved to the Java 
application. 
 

9.1 DSP memory usage 

 
     The image is first transmitted from the camera to 
the SRAM on the DSP using DMA. A new image is 
then created using a more suitable format for image 
processing. This is the YUV 4:2:0 format, where 
chrominance and luminance information is separated. 
Each pixel value is stored using 16-bit values to 
avoid shifting and masking, each time encoder on the 
DSP data is accessed. Since prediction is used for 
image encoding a reference image must also be 
stored. This image has the same format as the 
previous image. Finally the compressed image is also 
stored in the SRAM on the DSP daughterboard. The 
memory map is shown in Figure 8. The 
communication between the FleckTM and the DSP is 
performed over a SPI bus. The protocol is based on a 
one byte command sent from the FleckTM to the 
DSP.  Each command can have a number of bytes for 
parameters and for return values from the DSP to the 
FleckTM.  
 
 
 
 
 
 
 
 

Size AC coefficients 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

                     -1,1 
                  -3,-2,2,3 
                 -7..-4,4..7 
               -15..-8,8..15 
             -31..-16,16..32 
             -63..-32,32..63 
           -127..-64,64..127 
          -255..-128,128..255 
         -511..-256,256..511 
       -1 023..-512,512..1 023 
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Figure 4.The memory map for the image encoder on 

the DSP 
 

Several different SPI commands were defined for 
taking an image and for transferring the data from the 
DSP to the FleckTM. 
 

9.2 Taking images 
 
     The image taking process is initiated from the 
FleckTM. It first powers up the DSP and waits for a 
while to give the DSP time to start up. After this a 
command is sent to ask the DSP to take an image. 
The DSP will now send a command to the camera to 
capture an image and transmit it to the DSP using 
DMA. After this the DSP will compress the image 
and store the compressed image in the SRAM.  
Since the time to capture and compress the image can 
vary, the FleckTM must poll the DSP to ask it if the 
encoding of the image is completed. Once the 
compressed image is available on the DSP, the 
FleckTM starts to transfer the image from the DSP to 
the FleckTM over SPI.  
The compressed image on the DSP is divided into 
packets, suitable for transmission over the wireless 
channel. The first byte is the length of the packet 
followed by the packet data. A length of zero is used 
to terminate the sequence. The flow chart for taking 
images, is shown in Figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 5. Flow chart for taking images 
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9. Results 
 

      The result of this work, was a system to transmit 
compressed images from a camera node over a 
wireless connection to a database, that could be 
accessed using the Internet. The compression rate 
varies, depending on the content but is usually 
between 90% and 99%, compared to the previous 
camera network. The system can handle several 
cameras and when more cameras are added, they will 
be scheduled to take and transmit images at different 
times. Since it is expensive, in terms of energy 
consumption to power up and power down the 
camera, it will take a sequence of images each time it 
is powered up. These images are then reconstructed 
to a video clip at the base station. The number of 
images to take each time the camera powers up can 
be set as a parameter, when the system is started. The 
first image in the sequence and the video clip is 
added to the database to be accessible over the 
Internet. Since power saving features was not used 
here and the cameras were always powered on, it was 
possible to use very tight scheduling between 
cameras. The reason for this modification was to 
create a more interesting demonstration, compared to 
the real system, where nodes are put to sleep most of 
the time to save power. 
 
10. Future works 

 
     This work had a focus on the image coding for 
sensor networks. In the future work, it can be 
interesting to look more at the wireless 
communication in an image sensor network. The 
error control for images and video in wireless 
network usually requires a cross-layer design 
between the coding and the network. The overhead 
from the packet header is relatively large since the 
maximum packet size used in the system, is small. 
Methods to reduce the packet header overhead are a 
possible future research topic. Another topic is on 
transport and routing layer, when the burst video or 
image data is mixed with the other sensor data. For 
future long-term research in this area, distributed 
source coding certainly is interesting. 

References 
[1] Akyildiz I. F., Melodia T.,Chowdhury K., 2007: A 

survey on wireless multimedia sensor networks. 
Comput. Networks, 51(4):921–960, 2007. 

[2] Lundmark H. Li, A.,Forchheimer R., 1994: Image 
sequence coding at very low bit rates: a review. IEEE 
Transactions on Image Processing, 3(5):589–609, 
1994. 

[3] ISO/IEC 2001: 14496-2 information technology-
coding of audio-visual objects. International 

Organization for Standardization, December 2001, 
Second edition. 

[4] ISO/IEC2005:14496-10:2005 information technology 
coding of audio-visual objects part 10: Advanced 
video coding. International Organization for 
Standardization, 2005. 

[5]  Girod B.,Aaron A., Rane Sh., Rebollo-Monedero 
D., 2005:Distributed video coding. Proceedings of the 
IEEE, Volume: 93, Issue: 1:71– 83, January 2005.  

[6] SlepianD., Wolf J. K., 1973: Noiseless coding of 
correlated information sources. IEEE Transactions on 
Information Theory, Volume: 19, Issue: 4:471– 480, 
July 1973. 

[7]  WynerA. D.,Ziv J., 1976:The rate-distortion function 
for source coding with side information at the 
decoder. IEEE Transactions on Information Theory, 
Volume: 22, Issue: 1:1– 10, January 1976. 

[8]  Puri R., Majumdar A., Ishwar P.,Ramchandran 
K., 2006: Distributed video coding in wireless sensor 
networks. Signal Processing Magazine, IEEE, 
23(4):94–106, July 2006. 

[9]  Wark T., Corke P., Sikka P., Klingbeil L., Guo Y., 
Crossman Ch., Valencia P., Swain D., Bishop-
Hurley G.., 2007: Transforming agriculture through 
pervasive wireless sensor networks. IEEE Pervasive 
Computing, 6(2):50– 57, 2007. 

[10] Hill J., Szewczyk R., Woo A., Hollar S., Culler D.,  
Pister K.., 2000: System architecture directions for 
networked sensors. SIGPLAN Not., 35(11):93–104, 
2000. 

[11]  Loeffler Ch., Lieenberg A., Moschytz G. S., 1989: 
Practical fast 1-d dct algorithms with 11 
multiplications. In International Conference on 
Acoustics, Speech, and Signal Processing (ICASSP-
89), volume 2, pages 988–991, Glasgow, UK, 23-26 
May 1989. 

[12] Polastre J., Szewczyk R., Culler D., Telos 2005: 
enabling ultra-low power wireless research. In IPSN 
’05: Proceedings of the 4th international symposium 
on Information processing in sensor networks, page 
48, Piscataway, NJ, USA, 2005. IEEE Press. 

[13] Information technology, 1992: digital compression 
and coding of continuous-tone still images 
requirements and guidelines. ITU Recommendation 
T.81, 09 1999. 

 
 
Corresponding author: Betim Çiço. 
Institution: Polytechnic University of Tirana, Albania. 
 
 
 
 
 
 
 
 
 
 

 



TEM Journal – Volume 1 / Number 2 / 2012.                                                                                                                             85        

Effective Teaching of Physics  
and Scientific Method 

 

Mirko G. Nagl1, Dušanka Ž. Obadović2,  Mirjana Segedinac3 

 
1Sabac grammar school, Sabac, Serbia 

2University of Novi Sad, Faculty of Sciences, Department of Physics, Novi Sad, Serbia 
3University of Novi Sad, Faculty of Sciences, Department of Chemistry, Novi Sad, Serbia  

 
 
Abstract – Teaching science in modern society shows a 
lack of efficiency, as well as the discrepancy between 
goals and the quantum and quality of students' 
knowledge. Teaching physics in elementary and 
grammar schools in Serbia is also inefficient. The 
problem is solved by introducing modern teaching 
methods, especially the scientific method. Then 
teaching is not oriented to content, whose adoption 
allows the student to cope in the same or similar 
situations, but the method of their application in an 
unfamiliar situation allows the student to solve the 
problem. School classes fulfil their mission of quality 
preparation of students for further education, 
application of knowledge in the world of work or in 
everyday problem situations. 
 
Keywords – teaching science, teaching physics, the 
quantity and quality of  knowledge, scientific method 
 
 
1. Introduction 

 
Discoveries of natural science, technical 

operationalized, especially information technology, 
led to the accumulation of scientific material, its 
faster processing, and most importantly, relevant to 
the interpretation of experimental results. Processing 
of experimental results or theoretical models, which 
in the seventies lasted several years, the last year of 
two thousand hours or minutes. Information 
technologies allow faster communication between 
scientists, and public availability of information and 
unscientific circles, so that science becomes part of 
the ownership of each individual [1]. 
 

Physics as a fundamental science leading to 
discovery, alone or in cooperation with other 
sciences, ranging from nuclear physics, astrophysics, 
biophysics, medical physics ... There are few people 
who have not heard of CERN (European 
Organization for Nuclear Research), the problems 
with the launch of the reactor and the possibility of 
creating black holes, making good use of the media 
to talk about end of the world! This and similar 
examples prove the necessity of connecting with one 
hand, society as a whole with the scientists and       
the scientific discoveries of the other. 
    However, studies show that the need for scientific 

education and direct reciprocal relationship between 
technology and science, in the sense that the share of 
technology through experiments and promoting the 
best evidence of the achievements of Cognitive 
Science, which the technology becomes available to 
the general population [2]. Precisely such a situation 
has led the education policy makers around            
the  world to the program-implemented curriculum 
developments in science teaching in order to gain 
knowledge and skills useful in a wider context,      
and other sciences, as well as in everyday life          
(STS-project) [3], [4]. Response of the European 
Union's adoption of the strategic goals of education 
and training: improving quality and efficiency of 
education and training, easier access to education 
systems and training systems, and opening up 
education and training to the wider population. 
 

Realizing the importance of science for the 
prosperity of society as a whole, one of the tasks was 
that the number of students enrolled in the natural 
faculties has increased, so that Europe followed the 
development of the U.S. and Japan. In accordance 
with the objectives, projects that are designed to 
observe current state-PISA, as well as those starting 
from the current offer solutions such as the TIMSS 
curriculum [5]. Essentially it was the European 
answer to the reform documents in science education 
and the U.S., of which two are most important: 
Project 2061-Science for all Americans [6] and the 
National Science Education Standards-NSES [7]. 

There are two imperatives contained in two 
documents, one is to insist on cooperation between 
scientific disciplines, and teaching based on 
integrated topics and other courses to be organized in 
a pedagogical experience and methods that provide a 
link between the everyday experiences of students 
and teaching. One of the important principles that are 
based operationalization of these imperatives was a 
“less is more”. He included detailed understanding 
and adoption of the reduced set of carefully selected 
concepts, which results in the student at the end of 
the educational cycle (primary school, secondary 
school or university) scientifically literate. It is 
necessary and sufficient condition for the 
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continuation of education, employment or quality 
daily life [8]. 

Serbia has participated in PISA and TIMSS 
projects. The results of these studies show: all the 
contents and themes in the natural sciences similar to 
the content and themes in European Union countries, 
but they are weak (or exist) conceptual structure, that 
the teaching-oriented content, and not to the merits, 
that are integrated contents of science, or at least 
represented almost non-existent (knowledge of the 
existence of drawers or are deemed to be a teaching 
concepts related to only one science) that the 
methods of learning is largely traditional, or directed 
toward the accumulation of facts. Students in Serbia 
three Cognitive Domain (knowledge of the facts, 
understanding of concepts, analysis and reasoning), 
the most familiar facts, to some extent understand the 
concepts, and almost never analyze or reason. The 
question of the usefulness of such knowledge, 
suggests a need to innovate the existing school 
system, because only a flexible school, ready to 
follow the changes, can enable students to acquire 
the necessary knowledge and skills on which it is 
possible to learn all their lives, work and create. 

 
 

2. Teaching physics in primary schools in Serbia 
 

Teaching physics in primary schools in Serbia 
based on the curriculum of physics that has emerged 
is 1984-1985. year, has officially been used since 
1990. [9]. The adopted goals of physics education are 
that students learn about natural phenomena and the 
basic laws of nature form the basis of the scientific 
method and to be directed towards the application of 
physics to the life and work. Goals are derived from 
tasks that involve the students: learn the fundamental 
laws of nature, learn about the importance of using 
methods of the experiment; enable the resolution of 
the qualitative physical tasks and problems, develop 
thinking and reasoning, develop work habits and 
interest in physics and natural science, a man familiar 
position to nature and develop a proper attitude 
towards the protection of the environment, acquire 
the basics of technical education, acquire the habit of 
saving energy, developing a sense of work in 
working groups and teams, as well as positive traits 
necessary for constructive cooperation in solving the 
task. It must be admitted indeed concise, clear, 
respectable, above all, the modern view of the goals 
and objectives of teaching of physics! What is the 
problem and why is it realistic unrealizable? The 
essence of the problem is in abundant teaching 
content and a large number of concepts for the 
anticipated number of classes and untrained teachers 
to use effective teaching methods. It must be noted 
that the relatively small number of teachers allowed 

participation in appropriate training programs            
to help him overcome the above problem. 
 

Similar problems exist in the educational systems 
of other countries. But they are, for example in 
America, recognized as the ”imperative of recruiting 
and retaining highly-qualified physics teachers 
through training, as well as of key importance for 
American global competitiveness” [10]. The 
Conference of International Commission for Science 
(ICSU) in Beijing is clearly marked, and today,     the 
objectives of teacher training and education through 
its continuously: 

 
• Teacher colleges; 
• Permanent recruitment through social and 

economic status; 
• Coherent curriculum [11]. 
 
The teacher is placed by a professional dilemma 

that, if he wants to realize all the courses and 
concepts, to opt for ex-chair monologue method that 
is often prescribed for repeat classes, determination 
or experimental activities into lessons ”teaching 
materials”. In this way the teacher gets only scant or 
almost no information about the level of student 
achievement. Another possibility is that the teacher 
chooses, to put effort and introduce other teaching 
methods. Their realization is more demanding, but 
then the teacher gets constant information about the 
level of student achievement and possible 
adjustments in teaching. Of particular importance is 
the introduction of scientific method in everyday 
school practice [12], which started in Serbian 
primary schools introducing optional subject ”The 
hand in the pastry”, from first to fourth grade of 
primary education 2003rd year. ”The hand in the 
pastry” is a relatively short implementation time, 
showed that teaching is based on experiments in 
natural science, which can be derived in unequipped 
schools, resulting in students who graduate from 
primary school when able to find their rightful place 
in a society dominated by science and technology. In 
short, students are trained for the future and life in it. 

Various studies show that students have the 
innate inclination towards natural science, because 
they are closer to them, palpable, and the problems 
faced everyday: ”Most students have a positive 
attitude toward science at the age of 10, when the 
interest falls abruptly, and at the age of 14 their 
attitude and interest in studying science is largely 
formed” [13]. So if we want to increase the 
population of students oriented towards the natural 
sciences, who later entered grammar school and 
college of natural orientation, more attention to 
motivating students, and teachers must be paid. 
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3. The teaching of physics in grammar schools 
 

Grammar school (Gymnasium) is at the root of 
the education system. In ancient Greece, 
”gymnasion” is represented in public practice site for 
young men over 18 who have shaped their body 
(gymnos-naked). As in ancient Rome they are also 
the meeting place of philosophers. Humanists in the 
fifteenth and sixteenth-century began to use this 
name for a school facility [14]. 

In Western Europe, it has evolved from grammar 
school and monastery kathedral School and has been 
in some sense ”Latin School” (school Latin). The 
first grammar school was established in Strasbourg 
1537th year by Johannes Sturm (1507-1589). At the 
time of humanism and the Renaissance in the 
fifteenth and sixteenth-century, grammar school was 
focused on the spiritual, scientific, artistic and ethical 
ideals of antiquity. Personality is the center of 
attention, and the goal of education is an independent 
and critical thinking of students. Time when a new 
humanism makes a departure from the ancient 
principles, and the establishment of high schools in 
the education columns. Secondary education at the 
time meant the absence of any expediency, the 
priority of the whole personality of specialization in 
one direction and conception of Greek antiquity as 
the highest ideals of humanity. The curriculum 
subjects prevailed linguistic character. Humanistic 
gymnasium ignored the industrial revolution, 
cherishing not expediency were practically useless, 
and in preparation for the practical exercise of a call, 
it was precisely ”the school curriculum to play”! 

Today's grammar school in Europe, has natural-
mathematical or linguistic orientation. Educational 
activities are more firmly connected with life in 
modern society, primary enabling students to 
continue their education, but also to enter the world 
of work. 

In our country, in the Austro-Hungarian 
monarchy, after 254 years since the founding of the 
first grammar school in Europe, in Sremski Karlovci 
was founded in 1791 The grammar school, based on 
humanistic principles. The grammar school had a 
classic character, but the curriculum included  natural 
subjects. 

In Serbia, the first grammar school opened in 
1830. in Belgrade, and in 1833 it was moved to 
Kragujevac. At the same time in, 1836. year were 
established grammar school in Sabac, Cacak and 
Zajecar. Later, the grammar schools for its programs 
and facilities was somewhat different. Success in 
science achievement, expanding the horizons of 
knowledge of the world, travel, expedition and 
research are necessary learning and knowledge of 
modern languages, and social programs and projects 
of transformation of society reinforce interest in the 

social sciences, which produces a change of 
educational content. As a basis to take real discipline 
and knowledge of empirical reality and that is how 
the real grammar school or School (in Latin realia-
thing of importance for practical life). In the late 
nineteenth-century grammar school represent a base 
from which faculties grow and it becomes a stable 
system of secondary education, leading to further 
education, but also its practical character and work. 
In the early twentieth-century grammar school in the 
program are divided into classic (read language), real 
(common type) and School (now the vocational 
school). After World War II, the first professional 
school, was established aimed at work, a grammar 
school definitely left school general education aimed 
at further education. Since 1967. in Serbia have been 
legalized directions of socio-linguistic, mathematical 
and natural-grammar school. In 1974. The resolution 
is adopted which is challenging all schools whish do 
not prepare for work, so in 1979. The grammar 
schools involved in the vocational education system. 
The original name of the role of returning to 
grammar schools 1992nd , but the directions are 
introduced with the revised programs and facilities. 

In essence, the basic lack of grammar school 
consisted, and a hundred years ago as now, to replace 
students' interests, freedom and spontaneity of the 
prescribed curriculum and fixed terms of content, 
which at the time the mass introduced into schools in 
Europe, making a fundamental contradiction the 
ideal of freedom and creative development of 
students' personalities. So it was that grammar school 
is not a major problem arose as a random effect of 
unexpected circumstances, but was grounded in the 
organization of schools. In Europe, the answer to that 
contained in weaken rigid internal structure, the 
introduction of internal differentiation profiles and 
modular teaching [15]. In grammar schools in Serbia 
motivation of students for mastering the material 
organized by the outdated principles is very 
unsatisfactory, just as was the case a hundred years 
ago in other parts of Europe. 

From the nature of the circumstances in which 
we are now, meaning that the grammar schools in 
Serbia today, as a rule, largely focused on the 
traditional method of learning and realization of 
solid, under the modern curriculum. In fact, nearly all 
interested teachers, parents and students know and 
feel intuitively that grammar schools must have some 
purpose other than the one I see and experience. It 
should help the young to think freely, to become an 
autonomous person with confidence in their own 
knowledge and skills, capable to continue their 
education or realize the world of work. It should be 
noted a responsible attitude towards the period of 
four years, that young people spend in the grammar 
school at the peak of their intellectual abilities. The 
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time is mostly spent lightly. A large number of 
absences due to poor organization or lack of 
motivation school teachers (“white strike”). Lost 
time due to lack of compliance programs, giving up 
the thematic approach to teaching and not existing 
cooperation between teachers. Students are required 
to spend much time learning the content for which 
they do not see the sense, nor are they relevant to 
anyone in the education process to explain the same. 
Often insist on a mechanical learning that few 
students know how to synthesize in a form of 
knowledge. The end result, after four years, is that 
the student does not have enough knowledge of 
security neither for further study, nor was sufficiently 
qualified to perform an occupation. These facts 
confirm the results of analysis of interest of students 
for enrollment in grammar school. 

The main characteristics of students in higher 
grades, especially in the socio-linguistic direction, is 
primarily a good verbal communication and liberal 
spirit. But with the ”loudest” there has been a fatigue 
based on the previous application of traditional 
methods of learning, blended with the growing 
obligations conditioned upon completion of 
schooling and enrollment in college preparation. 
Students are misplaced between obtaining the final 
score and individual saving for university entrance 
exams. From professors, a professor of physics in 
particular, reduced the required homework 
assignments. The teacher is professionally, but 
personally, is the dilemma of how to realize the 
required programming, and that the students 
sufficient time for the increased activity! The teacher 
is in a position to solve the problem of education as 
an individual and in most cases decided on a 
compromise, so that reduces the volume of some 
thematic parts. In such cases, the essential role of 
teacher experience, studies show that experienced 
teachers are better adapted to these requirements, 
whether it is already implemented educational topics 
or new. 

One possible solution is to introduce the 
scientific method, which is an integral part of the 
physical or natural, concepts of reality and that is the 
essential difference between blind faith and the 
discovery of truth. The good results shown by the use 
of constructivist methods, based on Piaget theory 
cognitive development [16] or meaningful-receptive 
method according Ausubel meaningful learning [17] 
whose results are shown in the example of the 
application of teaching chemistry [18]. New research 
shows that in that way acquired knowledge, skills 
and skills show higher quantum, quality and 
retention. When students actively participate in class 
and learn about the scientific process of discovering 
the truth, better understand the process of education 
and their role in it [19]. 

Many teachers follow guidelines from various 
institutions (Society of Physicists, Subject 
Committee for Physics, Community Grammar 
School) and perform the reorganization and 
improvement of teaching physics. The results of 
these efforts resulted in the establishment of new 
directions including the IT department realized the 
first time grammar school academic year 2006/2007. 
year as an experiment in ten schools in Serbia, as 
well as in grammar school Sabac. The interest of 
students has increased, so that after four years, twice 
as many candidates applying in relation to the 
number that is received in that direction. However, 
teaching contents and methods of teaching 
information technology subjects have changed, but 
the other items were taken from the existing grammar 
school majors, so the others are traditional. Classes 
should be organized thematically, with the insistence 
on the integrated themes and between the subject 
cooperation. In modern education there are 
individual examples of good practice, and complete 
projects based on integrated topics that primarily 
prepare teachers: ”... because of the theme is often 
beyond the scope of a scientific discipline, such         
as energy, sustainability, and its changes, its     
structure ... “[20]. 

World experience shows that schools and science 
must be in close connection, in fact, despite the great 
effort and investment in education and the 
relationship of science and school, research shows 
that young people continue to mobilize naive 
understanding of science, and that they do not see 
connection with everyday life and science they learn 
school [21]! Available in the schools, both 
thematically and methodologically, should be such 
that students perceive, to practice and acquire 
knowledge and skills that are useful in their daily 
lives, but to give it to them and respond to technical, 
technological and sociological development of 
society as a whole. 

Teaching physics in grammar school, 
characterized by problem ampleness content that is 
less pronounced in the natural-mathematical 
direction, because of the larger number of         
classes (2+3 +3 +5, from grade I to IV, respectively), 
compared to the socio-linguistic direction in which 
the smaller classes (2+2+2+2, from grade I to IV, 
respectively). Although the level of content in the 
socio-linguistic direction is slightly relaxed 
compared to the natural direction, not interested 
students for teaching physics-oriented social group of 
cases, often resulting in the issue of whether the 
contents of physics in general they need? Yet despite 
the initial orientation toward social objects, often 
happens due to the activities of teachers to modernize 
the teaching of physics, students socio-linguistic 
direction enroll faculties of natural sciences, 
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including the directions on the physics of a natural-
mathematical faculty. Therefore, the education of 
students in physics in secondary schools, especially 
in grammar school pay special attention because they 
represent the recruiting base for university students 
in science and technical colleges. Professors at 
universities” can clearly see the difference in the 
quantum and quality of the acquired knowledge of 
students from different backgrounds and the profiles              
of schools” [22]. 

 
4. Conclusion 

 
      Modern society requires efficient methods of 
learning, with emphasis on scientific method, not 
based primarily on the teaching of scientific findings 
[23], but the constructive development of new 
knowledge based on empiricism and research. Such 
knowledge leads to the exact reasoning necessary to 
solve the problems posed by modern life [24]. 
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Abstract - The author's interests are connected with 
the introduction of the new Infocommunication 
Technologies in biology educatione. Computer 
application in educational system should include 
thoroughly designed complex procedure which is 
eminently realised in all parts of educational 
system. The process of designing and applying 
educational computer software should be 
particulary emphasized.  In the aim of enhancing 
lectures and overcoming mentioned drawbacks we 
created a software for learning the contents from 
lecture topic "Inheritance mechanisms" for the 4th 
grade of grammar schools. Educational computer 
software "Inheritance Mechanisms" in Biology 
lectures represents a new generation of educational 
technology, which is based on computing science 
and resources. This software is made for teaching 
and learning procedure, tests, assessments and 
exercises.  
Keywords: biology educational, educational 
computer software, new information and 
educational technologies, Inheritance Mechanisms. 
 
 
1. Introduction 
 
       The priorities of contemporary education are 
enhancing the quality and efficiency of educational 
work and finding adequate methods and forms of work 
that make learning and acquiring knowledge more 
efficient. Insufficient activity of students, lack of 
progress in individual pace with accordance to 
previous knowledge and objective capabilities of 
students in the process of acquiring new knowledge, 
insufficient interaction among the students, and 
between students and teachers, present great 
drawbacks that significantly influence (decrease) the 
interest and motivation of students. Hence new 
solutions that would lead to the increase of the 
efficiency and quality of educational and learning 
processes should be found. This is the reason for which 
the Biology lectures should be made contemporary and 
interesting for students. Modernization of teaching and 
learning in modern age implies enhancement of work 
in education based on fitting into the framework of 
technological surroundings of IT society. 

         The more and more increasing role and 
significance of information and communication 
technologies in human society is one of the most 
important characteristics of today's world. One of the 
possibilities to achieve this is introduction of 
educational computer software in conducting 
educational content from Biology and other natural 
and social sciences into primary and secondary 
schools. "Software in the field of education presents 
intellectual technology and is called educational 
computer software (ECS) that includes programming 
languages and tools, specific organisation of lectures, 
learning and studying,  and it is based on logic and 
pedagogy" [12]. Educational Computer Software (in 
further text ECS) presents a computer programme 
specifically intended for the content of lectures, 
projected in the aim of enhancing the quality of 
lectures and development of students' learning 
individuality. Under the term of educational computer 
software almost all existing computer programmes are 
implied, which can be used within the lecturing 
content, as well as programmes that help and direct 
individual potential of students in educational process. 
"By the use of ESC in lectures we encourage: 
motivation of students, individuality and 
differentiation of learning process, self-evaluation, 
acquiring new knowledge and achieving exercise, use 
of information databases and theInternet access and 
more efficient time consumption in the learning 
process" [13]. 
 
       The latest PISA research, done in 2006, showed 
that our students lack with applied knowledge. 
According to the results of that study in the field of 
natural sciences, out of 57 countries, Serbia positioned 
41st. The biggest number of our students are at the first 
and second level of achievement, which practically 
means they are capable of solving tasks where 
reproductive knowledge is needed, while the 
percentage of success at the levels that require 
capabilities of application and practical use of acquired 
knowledge is extremely low. 
        The educational contents in Biology lectures in 
the countries that have clearly defined strategy and 
educational aims are of extremely large range. The 
basic source of contemporary educational content of 
Biology is Biology as a central natural science and all 
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its achievements in the era of scientific and 
technological expansion. New discoveries from 
Biology are implemented into the educational content 
of Genetics, Molecular Biology, Cytology, Ecology 
and other disciplines of Biology. This integration in 
Biology lectures is done with a due respect to all 
didactical principles. Adequately methodologically 
formed contents of Biology science are more 
approachable and more acceptable with the students. 
          The application of Informatics and Information 
Technologies within the lectures of all the school 
subjects is one of the most important steps in the aim 
of development and enhancement. It is expected that 
contemporary educational system should form a 
student as an individual, flexible person, who will with 
easiness accept contemporary social changes and adapt 
to them. The application of contemporary information 
technologies as a support to traditional educational 
process can produce significant results. Some newer 
researches in the USA (Stanford University), and in 
Learning Research and Development Center in 
Pittsburgh, have shown that lectures that include 
computers make students advance faster and that their 
acquired knowledge lasts longer. This way of 
organising educational process is gladly accepted by 
youngsters. "Computer is not a 'subjective' teacher. 
There are no errors of central tendency, errors of 
contrast, halo effect. All the students are equal to it. 
There are no favourites and those who are not. In 
traditional lectures students are often scrupled in 
asking a question if something is not clear, because 
they are afraid they will be laughed at and 
underestimated. In lectures and studying by the use of 
computers there are no such things" [3].     
         In interactive learning with the application of 
multimedia, the computer is used as "a machine for 
studying", the material is exposed visually with 
multimedia approach. The student is in the center of 
attention. With this model of learning a full 
interactivity is achieved, the student in certain measure 
changes the process of learning , the roles of student 
and teacher are changed. Hyper textual and hyper 
media systems enable teachers to create materials for 
learning, through which students move in accordance 
with their own abilities and interests. In such an 
environment students can create materials even by 
themselves and connect them with materials created by 
a teacher, which surely presents the highest level of 
interactivity. Interactive learning developed interactive 
studying and lecturing by the use of computer 
networks, on-line services and especially the Internet. 
It is extremely important to mention that Biology 
programmes at all the levels of education are very 
suitable for presenting by the use of a computer. In 
developed countries the use of computers is widely 
present within university education, in teaching and 
learning. Brant, Hooper and Sugrue in 1991 [2] were 

examining the use of simulation in Genetics. French 
and Rodgerson in 1998 [19] made computer 
simulations for exercises and university lectures, but 
also for Biology lectures in primary and secondary 
schools. Apkan, 2001 [1], created simulation 
programmes that replace real dissecting of animals. 
Franklin and Peat at the University of Sydney have 
conducted online learning with the first year Biology 
students [17] and have conducted the researches of 
strategy efficiency for computer based learning and 
student progression [18]. The same authors in 2001 
examined the possibilities of virtual environment for 
learning Biology contents. Potirala K. (2003) [15], 
[16], at Krakow University, conducted a research on 
the efficiency of interactive learning with the use of 
ECS in Genetics, Ecology and Taxonomy. All listed 
authors emphasize the advantage of the use of 
computers in relation to application of other forms and 
methods of work in Biology lectures. The efficiency of 
these kinds of lectures and enhanced motivation of   
students is especially emphasized.  
        Jung-Bin (1992) examined the effect of learning 
style and instructional solutions with educational 
software for DNA and protein synthesis. The results 
have shown that the aimed achievement in post test, 
time needed and frequency of entered information 
choices are interactions between styles and 
instructional strategy. Comparison of active and 
passive students lead to a result that active students 
significantly sacrifice more time for the tasks, study 
more information, and have better results in final tests 
[14]. 
 
 
2. General postulates of ECS modelling 
 
      The application of educational software in 
lecturing provides elevating of motivation with those 
students where all other methods showed no success, 
or were less successful. In papers of psychologists and 
those of didactic scholars we come across critical 
analyses concerning the use of new educational 
technologies within the classic educational 
environment [6]. The specificity of ECS lies in the fact 
that it enables interactive learning - immediate error 
correction and affirmation of acquired knowledge. By 
the use of ECS in lecturing and learning there is a 
tendency towards authentic individualization of 
lectures. By use of specific techniques the controlling 
function of lectures is achieved, the process of learning 
is regulated and the inner motivation for learning is 
encouraged. Didactically devised programmes enable 
gradual progression in accordance with students' 
abilities, luring at each level the feeling of adequacy. 
Each student progresses in accordance to individual 
abilities and capabilities. More capable students can 
leave some parts of material out, those which seem 
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familiar, or easy, and less capable students have to 
acquire that knowledge in order to comprehend further 
information. ESC can provide individualization in 
relation to various types of thinking, different 
capabilities in task solving, various cognitive learning 
styles. There are also great possibilities to go back, 
revise or stay with certain parts of the programme, as 
well as with the browsing speed and getting wanted 
information. [4]. 
       In software modelling the ideas from Ganjeev's 
theory are accepted, that as conditions for successful 
learning emphasize: continuity, revision, strengthening 
or forms of learning (verbal, revealing) by which the 
concepts, principles and rules are learned. The 
principle of cumulative learning has also found the 
application in software, according to which all learning 
at schools is upgrading of new contents onto previous.   
Galjperin's cognitive theories start from the premise 
that learning and cognitive processes can be modelled 
as directed process. The theory of forming cognitive 
actions in stages is especially important, it tries to 
establish the stages of forming mental actions. 
Galjperin with this tries to establish the methods of 
learning that would present the rational way for 
forming the actions and notions. Galjperin also tried to 
determine the relation between learning and cognitive 
development. He reveals those types of learning where 
"the acquisition of knowledge happens together with 
intellectual development" 
       In developing lectures and theory of learning, 
Lande starts from the fact that the thinking process has 
its own knowledge components and operations that are 
in functional relationship. The attitude of this theory is 
that thought processes should be branched into 
structural elements, so we could get to know them and 
then manage them. 
      Each of the mentioned theories gives its 
contribution to the efforts of learning and cognitive 
process modelling in didactic software. "It is 
undoubted that the quality of lecturing and learning via 
computers in the future will significantly be dependent 
on what measure didactic software  is projected on the 
basis of knowing learning psychology and students' 
cognitive operational structure..." [4]. 
       Two basic principles with designing ECS that 
should be referred to in order to enhance the activity in 
learning are: widening the prospects and increasing 
interaction. In order for software to enable more 
successful and active learning it is obligatory to divide 
the material into smaller units and to enable the 
transition onto the next lesson only after the material 
from previous lesson is learned, with solving some 
practical tasks. If a student has a certain previous 
knowledge, it is sufficient to meet the criteria set in a 
form of a practical task, without the need to go through 
the material already known to him/her. In order to 
increase the interaction in ECS, it is necessary to create 

a module for interaction that could be conducted in a 
form of exercise, interactive quiz or in some other 
way, but always in accordance with the contents of the 
software. 
        V. A. Suhomilski emphasizes that as a difference 
from usual learning and lectures, that are overburdened 
with subjectivity and vagueness, which considerably 
makes the learning and lecture process control 
difficult, suitable educational computer software 
ensures fast, direct and quality analysis of every 
conducted lecture and enables high quality of learning 
and lecture. With this he points to the fact that without 
well-organized control there is no quality lecture.  
      The basic hypothesis of Richard Mayer and his 
associates' multimedia learning research of many years 
is that there is a great probability that comprehensive 
learning will appear if multimedia instruction, found in 
ECS, is designed in accordance with the characteristics 
of human learning [8] [9] [10] [11]. 
      It has been proven that it is more important to 
design the material well than the sole technique, but 
also it is important to ensure the conditions so that the 
multimedia surroundings support the creativity and 
productive learning. The educational computer 
software has to be projected in a way so it meets the 
needs of all the participants in educational process. 
The participants have to be provided with the easiness 
in software use, as well as a high level of evidential 
lecturing material that is presented in this manner. 
       The content of Biology lectures is practically 
predisposed for ECS application. The largest part of 
theme units and lesson items from Biology curriculum 
at all levels of education can be presented with 
pictures, texts, adequate video sequences and 
simulation applications. For certain fields this is the 
way to achieve maximum effects. 
 
3. Developmental environment and the display of 

educational computer software "Inheritance 
Mechanisms" in Biology lectures 

 
       According to the current Biology curriculum for 
the 4th grade general vocation of grammar  schools, 
the following teaching units are studied: The basics of 
molecular biology (10 lessons), Biology of animals' 
development (14), Inheritance mechanisms (15), 
Ecology and environment protection and improvement 
(16) and The basic principles of evolutional biology 
(9). In conducting them and in teaching practice in 
most of the schools in Serbia there is traditional lecture 
with frontal teaching method and verbal-textual 
teaching methods. The main request in Biology 
lectures in Serbia is for students to acquire as larger 
number of facts as possible. Learning comes down to 
piling up the knowledge, lectures to verbalism and 
students are overburdened with the material, and 
unfortunately incapable of applying acquired 
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knowledge due to non-understanding. This traditional 
Biology lecturing does not take into consideration 
equal respect and development of educational, forming 
and functional tasks of lectures. In this kind of lectures 
forming of attitudes, scientific point of view and 
enabling students to learn, think and prepare for 
permanent education is forgotten. In the aim of 
enhancing lectures and overcoming mentioned 
drawbacks we created a software for learning the 
contents from lecture topic "Inheritance mechanisms" 
for the 4th grade of grammar schools. 
 
          The software "Inheritance mechanisms" is made 
in Adobe Captivate 5.5 programme. Adobe Captivate 
5.5 presents currently leading e-learning software in 
the world. When this programme first appeared is 
served mainly as a tool for creating software 
simulations. Today it is just one of the options that is 
offered by this programme. 
 
           For the presentation of the content Captivate 
offers possibilities of complex slide branching, and for 
this purpose there is a whole line of system variables 
that can be defined by the user, and a lot of advanced 
actions that determine the behaviour and further flow 
of presentation. Managing audio and video files, as 
well as animations, is utterly simple and at the same 
time offers a bunch of useful options. 
 
          Captivate offers possibilities of simulations - 
software, hardware, business and production processes. 
These simulations make the need for training in early 
phases with the equipment, which is often very 
expensive and dangerous for handling, entirely 
unnecessary.   
 
           Captivate has the option for creating knowledge 
tests. Along with classical tests where the user has to 
choose or enter a correct answer, there is a possibility 
of knowledge check through simulations where it is 
necessary to successfully execute certain routines 
expected in real situations. 
 
           The programme supports export of projects into 
Flash CS5 where it can be additionally enhanced. This 
is possible due to the fact that Adobe Captivate is 
practically based on programming language Action 
Script 3 that uses Flash. By using these two 
programmes alongside, impressive results for a really 
short period of time can be achieved. 
 
 
 
 
 
 
 

The project can be used in various formats: 
 
Flash (swf) 
Windows Executable (*.exe) 
MAC Executable (*.app) 
MP4 Video (*.mp4) 
Export to PDF 
 
         For the needs of this presentation *.exe option is 
used, which enables the programme to start on every 
computer that operates under some kind of Windows 
operating system independently.  
 
        On picture 1. the cover page of educational 
software "Inheritance mechanisms" is displayed. 
             

 
Picture 1. The cover page of educational software 

"Inheritance mechanisms" 
 
         The cover page provides basic information about 
the presentation and the author, and there are also the 
links for logical units such as: 
- Teaching material  
- Interests and  
- Gallery. 
By clicking some of these hyperlinks the wanted unit 
is opened. 
         In the upper right corner a user is offered the 
choice of doing test questions. If he/she clicks the 
button "yes", after each unit test slides will follow, and 
in a case of choosing "no", test slides will become 
invisible for the user, offering him/her the possibility 
of focusing entirely onto the teaching material. 
This has been achieved by using variables and 
advanced actions. First the variable testOnOff was 
defined, as seen on picture 2: 
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          Picture 2. Defining variable  testOnOff 
 
As can be read from the variable description, its value 
depends on the user's action. By pressing the button 
"yes" variable testOnOff gets value 1, which is 
conducted via action showTest, presented on picture 3. 
 

       
 

    Picture 3. Display of action showTest 
 
By pressing the button "no" variable testOnOff gets 
value 0, which is conducted via action hideTest, shown 
on picture 4 
 
      

 
 

   Picture 4. Аction hideTest 
 
Action showTest and hideTest fall into the category of 
so called standard actions because of using Assign 
features, allocating values respectively. Standard 
actions offered in the programme are: 
 
Continue 
Go to Previos Slide 
Go to Next Slide 
Go to Last Visited 
Jump to Slide 
Show 
Hide 

Enable 
Disable 
Assign 
Open URL/File 
Open Other Project 
Send Mail 
Execute JavaScript 
Expression 
Apply Effect 
 
        Attention should  be paid on the possibility of 
user not to press any of the buttons but to continue 
further on with the presentation, and for this reason it 
was allocated that the starting value of variable 
testOnOff is 1. In this way the display of test slides 
after each lesson is provided, for the user has not 
chosen otherwise. 
         Conditional actions that are based on basic 
principles of logic exist, and they are the consequence 
of choices made during the presentation. 
 
check1: IF    (testOnOff    is equal to 0)     Jump to 
Slide 25 
            ELSE   Go to Next Slide 
 
          The logic of this action is following: if a variable 
testOnOff equals 0, it means that the user decided to 
switch off the test questions, and the action Jump to 
Slide 25 is executed, and the user is presented with 
slide 25, shown on picture 5. In this way test slides for 
the first unit are skipped and the user continues with 
further teaching material. 
          If testOnOff is different from 0 (in our case it is 
value 1), it means that the user decided to do the test 
and Go to Next Slide is executed, the user is presented 
with the next slide that contains a question. 
 

 
 

Picture 5. Executing action Jump to Slide 
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Other conditional actions are named check2, 
check3...check11 and are executed identically as above 
described with one difference of "jumping" to various 
slides. 
 
4. Test slides 
 
        One of the main reasons of Adobe Captivate's 
great popularity as a programme is complete easiness 
in test creating, so very easily simple presentations are 
transformed into interactive applications for learning 
and evaluation of acquired knowledge. 
         It is important to mention that until a few years 
ago this was impossible to achieve without proficiency 
in programming, which was surely the main obstacle 
for wider use. Today, on the other hand, everybody can 
learn this programme and use it successfully. The 
curve of learning is considerably more difficult than 
with the similar programmes, but the end results are 
incomparably better. On picture 6 we see the types of 
questions that the programme supports: 
 

              
                        Picture 6. Types of questions 
 
        Test slides can be integrated anywhere within the 
presentation, and the option of automatic change of 
provided answers order is especially suitable, so each 
time the programme is switched off, new variations are 
offered. In this way a more quality experience of 
testing is provided and memorizing correct answers is 
avoided, or at least made difficult. Each question can 
carry certain number of points, depending on the 
complexity, but there are situations when questions are 
not evaluated but serve solely for the purpose of polls 
and studies. 
        Test slide designs within the presentation are 
minimally modified in relation to the slides that 
contain the material for easier visual recognition. In 
upper right corner a symbol of a question mark is 
added, and in the lower left corner there is information 

on which question is active and how many questions 
there are altogether. 
       The most used type of question is true/false with 
multiple offered choices. Fill in the blank (type the 
answer) as well as matching (connecting correct 
answers) are also used. 
       After the question is answered and the button 
submit clicked, a user gets a certain feedback that 
depends on the correctness of chosen choice. By 
clicking the button submit before choosing an answer, 
the programme will inform you that you have to 
answer the question in order to continue further on 
with the presentation. If the user provides a correct 
answer the application will confirm that as shown on 
picture 7. 
 

 
            Picture 7. Application with the right answer 

confirmation 
 

         In case the answer was incorrect, (as seen on 
picture 8), the message can contain a short explanation 
so the error could be memorized and understood. This 
is a way more practical solution than to have all correct 
answers offered at  the end of a test, because the user is 
at a given moment focused only on one question. 
 

 
Picture 8. Application with incorrect answer 

explanation 
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        This testing system is extremely functional and 
widely used in western countries as one of the more 
efficient tools in learning, in education, and business 
environment. 
        People who create presentations now have the 
possibility to design in a short time period powerful 
interactive presentations, without previous knowledge 
of programming.  
 
Testing results: 
 
      After answering the last question the slide with 
results follows (picture 9) and it contains following 
information: 
 
Number of achieved points. 
Maximum number of points. 
Number of correct answers. 
Overall number of questions. 
Success in percentages.  
 
The border for passing is determined by the presenter 
and in this case it is 60% 
 
 

 
 

Picture 9. Testing results 
 
      Teaching software "Inheritance mechanisms" is 
compiled for 4th grade students of grammar schools as 
a substitution for the book during the elaboration of 
Biology materials. Next to the basic part, the software 
contains exercises as well as the final test from 
Genetics. The contents of teaching units are given in 
the programme: 
- Introduction to Genetics (the significance of 
genetic research); 
- The basic rules of inheritance;  
- Types of inheritance; 
- Chromosome basic inheritance 
- Recombination  

- Mutations, chromosome aberrations  
- Population genetics; 
- Artificial selection and animal and plant 

breeding; 
- Genetic development control; 
- Human Genetics; 
-           Genetic predisposition of human behaviour. 
 
        When starting the programme there are links for 
the units contained in the software: Teaching material, 
Interests, Gallery. 
        Teaching material - has its own cover slide and 
contents towards hyperlinks of each lecturing unit. By 
clicking a certain hyperlink the wanted lecturing unit is 
opened. Within the teaching material animations that 
show dihybrid inheritance are shown. After each 
lecturing unit the test follows. The test contains 
various types of questions and problem tasks: multiple 
choices questions, fill in the blanks, matching. After 
the student answers the question there comes a 
feedback about the correctness of the answers. If the 
answer is incorrect the student gets additional 
information that will help with coming to the right 
answer. A special convenience in the tests is 
possibility for automatic change of offered answers 
array, because the programme each time gives new 
variations of answers. In this way mechanical learning 
and copying are prevented (each student in his/her 
computer has various answer combinations). Each 
question, depending on the complexity, carries a 
certain number of points. There are 72 questions 
altogether.  
        Interests contains 13 slides that can serve for 
widening basic knowledge from Genetics. 
        Gallery contains 129 pictures and schemes. Along 
with the pictures within the software there are other 
pictures, unknown to students, that relate to lecturing 
units. 
 
Genetics tests: 
 
        Comprise entire teaching material from lecturing 
unit "Inheritance mechanisms". It contains 16 
questions and tasks. Types of questions are: multiple 
choice questions, choose the right answer and enter the 
correct answer. A student cannot pass to the next page 
of the test if the right answers are not given for all the 
questions. On the last test page there is an option see 
the result. Results notify a student on the test success 
percentage and analyze the mistakes in the answers. 
The test is designated for individual knowledge 
evaluation. If a student is not satisfied with the 
achieved results, he/she can go through the teaching 
material (parts of lectures) and do the test again 
afterwards. 
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Exercises: 
 
       The exercises are designed as interactive 
animations with a tutorial and tasks that a student 
should solve. If a student makes an error he/she gets 
automatic information about the error and additional 
directions that will help in solving the problem 
correctly. 
 
5. Conclusion 
 
Educational Computer Software for Biology lectures 
on the basis of Adobe Captivate 5.5 programme has 
been shown in this paper. It represents currently one of 
the leading e-learning software in the world. Starting 
from the fact that Adobe Captivate 5.5 is practically 
based on programming language Action Script 3 that 
uses Flash, export of the project into Flash CS5 has 
been done. By simultaneous use of these two 
programmes, the results presented in this paper 
through the display of development environment and 
educational computer software "Inheritance 
mechanisms" in Biology lectures  have been achieved.  
This programme has been under development as an 
original copyright work since 2008, and has been 
applied in Biology lectures in Zrenjanin Grammar 
School. 
Achieved results show students' interest for these types 
of lectures and learning, and output results show that 
the students' average grades are higher in comparison 
to traditional approach of learning with lecturing topic 
"Inheritance mechanisms". The course of further 
research is directed towards evaluation and software 
perfection. 
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Abstract - The focus of the research is on investigating 
the organization and structure of a list of data in order 
to find more efficient algorithmic solution. The aim of 
the realised experiment was to analyze, compare and 
measure the efficiency of algorithms for searching, 
insertion and deletion in a list of elements. An 
experimental case study is done through implementing 
the list as: 1) Array Data Structure and as 2) Dynamic 
Linked List Data Structure and measuring the 
performance. The contribution of the study is based on 
the realized experimental case study analyses, its 
insights and recommendations for improving the 
efficiency of algorithms for searching, insertion and 
deletion in a list of elements. The recommendations, 
and insights gained from the realized measurements 
are presented and discussed. 
 
Keywords. Dynamic Linked List (DLL), array, 
algorithm, data structure. 
 
1. Introduction 
 

In the majority of software applications executed 
in computing devices like PC’s, and especially today 
in tablets, smart-phones and other mobile devices and 
as they become more powerful in processing, the 
amounts of processed (stored and retrieved) 
information are getting larger. Representing 
information is fundamental to computer science [1]. 

In algorithmic solution of a problem the choice of 
data representation is not a simple process and is a 
reasonably difficult one. It is usually determined on 
the programmer preference which is not a proper 
approach. 

The main research focus of this research study is 
how to organize and structure a list of data to find an 
efficient algorithmic solution based on the most 
frequent performed basic operations. 

An investigation is conducted to determine the 
structuring of list of elements (data) also taking into 
consideration the actual problem characteristics, the 
sample (sorted or unsorted) and the size of the input 
data set, etc. 
 
2. Measuring algorithms efficiency 
 
      According to [2, 3, 4] an algorithm is a step-by-
step well-defined computational procedure for 

performing some task in a finite amount of time, that 
takes some values as input, manipulates the data 
following the prescribed steps and produces some 
values as output. That information is a collection of 
data about the actual problem processed by the 
algorithm, and are organized and accessed in a 
systematic way [3] in data structures. Algorithm 
provides the logic or the steps to find the solution; 
while the data provide the needed input values [3]. 
Programs are executable implementations (in a 
programming language) of the algorithmic solution 
of a given problem and the used data structures to 
store input and output data. Once a correct algorithm 
is designed, an important step is to determine the 
efficiency of the algorithm, how much time or space 
resources the algorithm will require [1,2]. 
An algorithm which finds a correct solution only is 
not sufficient. It might perform long time and be 
inefficient which becomes more obvious by 
increasing the size of input data set. An algorithm 
that solves a problem but requires a year and/or 
requires a gigabyte of main memory is not useful [2]. 
A straightforward way of solving a problem may not 
be the best one. 
     There are often more then solutions for a problem. 
How do we choose between them? The one that runs 
in shortest time? Or, the most efficient one? What is 
an efficient algorithm? How to measure the 
efficiency? 
      A solution is said to be efficient if it solves the 
problem within the required resource constraints 
which include the total space available to store the 
data and the time allowed to perform each subtask or 
if it requires fewer resources than known alternatives 
[1]. The mathematical instrument to measure the 
efficiency (performance) is the analysis of an 
algorithm. It is used to: i) estimate resource 
consumption of an algorithm, and ii) for comparation 
of relative costs of different algorithms for a given 
problem. The choice of the most efficient algorithm 
among variant solutions is based on the 
measurements of 1. Space complexity (memory 
resourses an algorithm uses), and 2. Time complexity 
(time resourses or the time an algorithm runns). In 
the most cases, only time resourses are considered 
since the techniques used to determine memory 
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requirements are a subset of those used to determine 
time requirements [1]. 
      The running time becomes an important issue; a 
natural measure of "goodness," which mean 
computer solutions should run as fast as possible [3]. 
The running time of an algorithm is affected by many 
factors [2, 3, 5]: i) the hardware (the processor’s 
speed, the clock rate, memory, disk) and software 
platform (the operating system, the programming 
language, the compiler), iv) the size of the input data 
set, etc. The running time is most important resource 
to analyze while considering the size of input data set 
[2]. To be able to classify some data structures and 
algorithms as "good," we must have precise ways of 
analyzing them [3]. There are two ways to estimate 
or analyze the time complexity of a program: 1) 
experimental study and 2) theoretical study. The first 
way to analyze the running time of an algorithm is 
realized by measuring the time the algorithm runs for 
different sized input data sets. Measuring how long 
the algorithm runs for each input samples with given 
size, we can visualize the growth rate of the running 
time (how it increases by increasing the input size). 
      The second way to estimate the time complexity 
or the running time T(n) of an algorithm is to 
determine how many of each primitive instructions 
(such as arithmetic operations add, multiply, etc., 
assignment, comparation, invoking a method, etc.,) is 
executed. Instead of measuring the time execution of 
primitive operations (each executes in a constant 
time), assume a one time unit per operation, we 
determine the number of primitive operations as a 
function of the size of the input indicated by n. 
This machine model is widely accepted whereas the 
above factors which influence the runnning time are 
not considered. Changing the hardware/ software 
platform influences the running time T(n) by a 
constant factor, but does not influence the growth 
rate of the running time T(n) [3]. That model is 
normal computer, in which instructions or primitive 
operations are executed sequentially and takes 
exactly one time unit to do each (simple instruction) 
and infinite memory is assumed [2]. Even though 
these assumptions about the model could be real 
problems for computer applications, this is a general 
way of analyzing the running times of algorithms that 
[3]: i) Considers all possible inputs, ii) Can compare 
efficiency of any two algorithms independently from 
the hardware/software platform, and iii) No need to 
implement and execute algorithms. 
       By using this method each algorithm is assigned 
a function T(n) which determines the dependency of 
the running time from the input data size n or it’s 
growth rate. When analyzing the efficiency of an 
algorithm, usually worst case of an algorithm 
execution is analyzed, when the algorithm performs 
worst or performs maximum possible number of 

primitive operations[6]. This methodology is the 
asymptotic algorithm analysis which determines the 
running time in big-Oh notation. It gives the upper 
bound of the growth rate of the running time 
function. 
T(n) is O(f(n)) if T(n) is asymptotically less than or 
equal to f(n), or lim T(n) /f(n) = 0, for n-> . If this 
function, by increasing the size of the input, has a 
slow growth rate, then we can say that the algorithm 
is efficient. Furthermore, if we have to choose among 
variant algorithms, we'll chose the one with the 
running time with a slowest growth rate. In our 
study, to overcome disadvantages of both methods 
[3], we use both methods for being most accurate. 
 
3. Experimental case study 
 

Experimental studies have been done focused on 
analyzing the efficiency of algorithms for storing and 
retrieving data respectively: search, insert and delete 
operations in the two basic data structures for 
implementing a list of elements: arrays and dynamic 
linked lists. It is realized by measuring the running 
time for the same input data set for respective 
algorithms using both data structures. The running 
time of an algorithm can be observed by running the 
algorithm on different sized input data set and storing 
the values of the time the algorithm starts and ends. 
The measurements can be taken in a precise way in 
C++ by using the C standard library function called 
clock() (and clock_t defined in header file time.h), 
registering the start time and end time of the 
algorithm, performing it 10000 times and then 
finding the difference (finish - start))/10000, which is 
the time an algorithm runs in seconds.  

Performed are several tests on many different 
input data sets of various sizes. Then in (x,y) 
coordinate system, we can visually represent the 
dependency of the running time (the y coordinate) on 
the size of the input data set (the x coordinate). The 
algorithms to be tested in a) an array and b) a 
dynamic linked list, are 1. the linear search 
algorithms, 2. the insert algorithm, and 3. the delete 
algorithm. 

Taking  the  size  of  the  input  starting  from 1, 4, 
16, 64, …, 262144, altering by 4 factor. By running 
the three algorithms, for both data structures, the 
implemented program will calculate the running 
times of the respective algorithms for each data 
input. The input samples will be randomly generated 
data in the program. The measured running times are 
presented in the following Figure 1 to Figure 8 as 
diagrams of the growth rates of above stated 
algorithms’ running times: 
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Figure 1. Searching element in a list 

 

 
Figure 2. Retrieving an element 

 

 
Figure 3. Insert element at 0 position in a list  

 
Figure 4. Insert element in the middle in a list 

 

 
Figure 5. Insert element in n-th position of a list 

 

Figure 6. Delete element at 0 position in a list 
 

 
 

Figure 7. Delete element in the middle of list 
 

 
Figure 8. Delete n-th element position in list 

 
 

4. The concept 
 
       Three algorithms are theoretically analyzed by 
counting the primitive operations as a function of the 
input size n.Then algorithms are asymptotically 
analyzed to find the upper bound of the running 
time-T(n) which is a function f(n) 
asymptotically bigger then T(n). It is done by 
eliminating all constants and lower order terms 
from the function T(n), which is expressed in 
terms of big-Oh notation T(n)=O(f(n)). 
 
5. Linear search 
 

When applied a linear search of an element x in 
an array a[0,...n-1] of n elements (the size of the 
input), then in the worst case x might be the last 
element, or not in the list then the number of 
comparisons is equal to the number of elements n, 
then by counting the number of primitive operations:
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T(n)= 1+ n+1 + n + n*{1+1} + 1 
▲ ▲  ▲ ▲ ▲ 
(init. i to 0) (testings) (incr.) (n iterat.) (return) 
T(n)=4n+3=O(n), f(n)=n- the upper bound. 
 
We can say that the running time of a linear 

search algorithm in an array of elements by growing 
the number of elements grows worst as a linear 
function. 

 
Retrieving an element at the k-th position in an 

array, only one return operation is performed and a 
constant time is required. The running time is 
T(n)=O(1), a constant time. 

 
In DLL, in the worst case the element x might be 

the last element or not in the list, then the running 
time T(n)= n iterations * constant number of 
primitive operations, by eliminating constants 
T(n)=O(n). 

 
Retrieving an element at the k-th position in a 

DLL, requires k primitive operations to find the 
position k which in worst case k=n, the number of 
elements. Then the running time is T(n)= n iterations 
* constant number of primitive operations; by 
eliminating constants we have T(n)=O(n), f(n)=n – 
the upper bound is a linear function. 

If using a sorted sample of data, when use an 
array, a binary search can be performed starting 
from n sized array, then n/2, n/4,…, 1, 0. As we start 
with experiment for array of size 1, 4, 16, 64, … 
262144, let us take for example size n=64. The 
binary search continues searching in one of the halfs, 
so new array size will be n=32, 16, …, n=1; we can 
write as 26, 25, …, 20. We have:  2i=n / log =>log 
2i= log n => i*log 2= log n =>   i   =   log   n/   log   
2=   log   n;   number   of iterations     i    of     
performing     some     primitive operations  (constant  
number  which  is  eliminated from T(n)) is log n, so 
we have T(n)=O(log n); A pretty good time, grows 
slowly. In DLL, a binary search cannot be 
performed. 
 
6. Insertion 
 

When inserting an element x in an array a[0,...n-1] 
of n elements (the size of the input), in position 0, 
then all elements from the first one at the position 0 
to the last one at the position n-1 must be shifted for 
one position to the right, so we have n primitive 
operations of shifting. By counting the number of 
primitive operations: 

 
T(n)= 1+ n+1 + n + n*{4} + 1  +    1 
▲ ▲  ▲ ▲ ▲ + ▲ 

(init. i to 0)+(testings)+(incr.)+(n iterat.) + 
(position the new element at the pos. 0 + increment 
n) 

 
T(n)=6n+4=O(n), f(n)=n- the upper bound We 

can say that the running time of an algorithm for 
insert operation at the position 0 in an array of 
elements by growing the number of elements n grows 
worst as a linear function. Furthermore, when 
inserting elements, usually more insertions are done, 
if n then we have O(n*n)=O(n2). This is really bad. 

 
Inserting an element at the k-th position in an 

array, requires n-k-1 primitive operations for shifting, 
1 for assigning a[k], 1 for incrementing n, where the 
worst case is k<=n/2, n the number of elements. Then 
T(n)= 1+n-k+n-k+1+(n-k-1)*{4}+ 1; n-k <=n, for 
each k<=n/2...(1) 

Proof:, true for n=1; k<=0; 1-0=1<=1 
Suppose true for n, true by induction for n+1 for 

each k<=(n+1)/2, k-1/2<=n/2; 
n+1: n+1-k=n-k+1<=n+1, so T(n)=6(n-k)+4 

<=6n+4=O(n), a linear function. 
 
if k=n, the running time is: 
T(n)= 1+ 1+ 1 = 2 = O (1), a constant function. If 

using a sorted sample of data, the case of inserting an 
element x in an array when x is greater then all 
elements in the array, the algorithm performs n 
primitive operations to find the position, then 1 for 
setting the new element, 1 for incrementing n, then 
the running time is T(n)=n+1+1=O(n). Or, when x is 
less then all elements in the array, the algorithm 
performs 1 operation to find the position (ususally 
testing the value of x if is less then a[0], n primitive 
operations for shifting n elements to the right, 1 for 
setting the new element, 1 for incrementing n, then 
the running time is T(n)=1+n+1+1=O(n). 

 
We have totally different results in a dynamic 

linked list (DLL). Inserting element at the position 0 
in a DLL requires only 5 primitive operations for 
creating the node, setting the element’s value and 
linking the new element’s node at the position 0 in 
the DLL, which means we have a running time 
T(n)=O(1). By counting the number of primitive 
operations, we have: T(n)= 1+1+1+1+1=5. We can 
say that the running time of an algorithm for insert 
operation at the position 0 in a DLL of elements 
grows worst as a constant function by growing the 
number of elements n, with constant growth rate. 
It is the best growth rate. 
 

Inserting an element at the k-th position in a DLL, 
requires 5 primitive operations as inserting in 
position 0, without considering the operations to find 
the position k in the list. Then the running time of 
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insert in k-th position in a DLL is T(n)=O(1). In the 
worst case k>n/2 requires k primitive operations for 
finding the position k, and constant time for inserting 
a node. Then the running time is T(n)= k + 5<= n+5= 
O(n), a linear function. 

 
If using a sorted sample of data, the worst case of 

inserting an element x is when x is greater then all 
elements in DLL and considering finding the position 
which is n+1 primitive operations, the running time 
is O(n). 

 
T(n)= 1+ n +1+1+1 + 1 = n+5= O(n), a linear 

function. If x is less then all elements, the best case, 
we have insert in position 0 and T(n)=O(1)..  
 
7. Deletion 
 

When deleting an element x in position 0 in an 
array a[0, ..., n-1] of n elements (the size of the 
input), all elements from the second one at the 
position 1 to the last one at the position n-1 must be 
shifted for one position to the left, so we have n-1 
primitive operations of shifting, one operation of 
decrementing the n number of elements. So, 
T(n)=O(n), where f(n)=n; By counting the number of 
primitive operations: 

 
T(n)= 1+ n  + n -1 +    (n-1)*{4}+ 1 
▲          ▲            ▲            ▲ ▲ 
(init.i_to_0)(testings)(incr.)(n-1iterat.)(decr. n) 
T(n)=6n+4=O(n), f(n)=n- the upper bound. 
  The running time of an algorithm for delete 
operation at the position 0 in an array by growing the 
number of elements n grows worst as a linear 
function. Furthermore, when deleting elements, 
usually more deletions are done, if n then we have 
O(n*n)=O(n2). This is really bad. 

Deleting an element at the k-th position in an 
array, requires n-k-1 primitive operations for shifting, 
1 for decrementing n, which in worst case k<=n/2, 
then T(n)= 1+n-k+n-k+1+(n-k-1)*{4}+ 
1<=6n+4=O(n), a linear function. 
if k=n, the running time is: 

T(n)= 1+ 1+ 1 = 2 = O (1),  
 

Different results are in a dynamic linked list (DLL). 
Deleting element at the position 0 in a DLL requires 
only 3 primitive operations for deleting the node, 
positioning new pointer to the node at the position 0, 
shifting the beginning of the list to the next node in 
the DLL, and freeing the memory caught by the 
pointer; which means we have a constant running 
time. By counting the number of primitive 
operations, we have: T(n)= 1+1+1=3. T(n)=O(1). 
We can say that the running time of an algorithm for 
delete operation at the position 0 in a DLL of 

elements grows worst as a constant function by 
growing the number of elements n. DLL is the best 
choice in this case. 
Deleting an element at the k-th position in a DLL, 
requires 3 primitive operations as deleting in position 
0, without considering the operations to find the 
position k in the list. Then the running time of delete 
in k-th position in a DLL is T(n)=O(1). The worst 
case when considering the operations to find the 
position k in the DLL, and k=n, then the running time 
is T(n)= n + 3 (prim. op.) = O(n), a linear function. In 
the worst case k>n/2 requires k primitive operations 
for finding the position k, and constant time for 
deleting a node. Then the running time is T(n)= k + 
3<= n+3= O(n), a linear function.In a sorted sample 
of data, deletion is same in both data structures: 
arrays and DLLs. 
 
8. Conclusion 
 

As conclusion the contribution of the study is 
based on the realized experimental case study 
analyses, its insights and recommendations for 
improving the efficiency of algorithms for searching, 
insertion and deletion in a list of elements. The main 
contribution of this paper is to determine which Data 
Structure is more appropriate to use in particular 
cases categorized by more frequent operations 
performed and characteristics of the datasets to be 
used.The findings from experimental study show the 
following recommendations based on the most 
frequent operations needed to be performed: 

i) for searching an element in a list, the growth 
rate of the running time T(n) is similar when use both 
data structures. It is obvious in the diagram of the 
running time’s growth rate shown in Figure 1. We 
can use both data structures, no priority. If we search 
an element to retrieve from the given position k, then 
an array has priority, the growth rate is constant 
function while when use DLL it grows rapidly by 
increasing n. It is obvious in the diagram of the 
running time’s growth rate shown in Figure 2. 

ii) for inserting an element at the position 0 in a 
list, the growth rate of T(n) when use array is much 
higher then when use a DLL, we should use a DLL 
data structure. While inserting at the position 
k=middle in a list, the growth rate of T(n) in both 
data structures increases similarly; but as the position 
tends to n=the input size, when use array the growth 
rate of T(n) becomes almost constant function while 
when use a DLL, T(n) grows rapidly. It is obvious in 
the diagrams of the running times’ growth rates 
shown in Figure 3, 4 and 5. We suggest to use an 
array in cases when inserting at position k>=middle 
and use a DLL for k<=n/2  as much as needed.  

iii) for deleting an element in a list we have 
similar results as for inserting an element. So, it is 
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concluded that, the It is obvious in the diagrams of 
the running times’ growth rates shown in Figure 6, 7 
and 8.  

Findings from the theoretical study show similar 
results and give following recommendations, based 
on the most frequent operations needed to be 
performed: 
i. for searching an element in list, we can use both 
data structures, no priority; while when retrieving an 
element from the given position k, an array has 
priority. If data are sorted then for searching element 
an array has priority.  
ii. for inserting an element at the position 0 or 
k<=n/2 in a list, we should use a DLL data structure; 
and for inserting an element at the position k->n in a 
list, we should use an array. We must mention here 
that in DLL, the search of the position k takes certain 
number of operations while in an array, a direct 
access to the position k is on hand. If data are sorted 
then we have additional linear search to find the 
position in both cases. 
iii. for deleting an element results are same as with 
insertion.  
iv. arrays are better for cases opposite to cases DLLs 
are better. 
Recommendations based on advantages of DLLs 
over arrays and vice versa; and additional theoretical 
studies, are: 

i. we should use arrays only when we know the 
number of elements, in other cases a memory waist 
or under estimation of size happens. In cases we do 
not know the size better use DLLs. DLLs allocate 
memory for a new element dynamically when 
needed. Even though additional memory for the 
pointer is needed. 

ii. we should use arrays when retrieving an 
element is the most frequent operation, the direct 
access to array elements makes retrieving an element 
almost instantly, while in DLLs it must be realized 
by a linear search and might take n ( input size) 
primitive operations at worst.  

iii. we should use arrays if sorted data are 
available, and searching is the most frequent 
operation, we can apply binary search (it is 
performed in O (logn) time) and direct access to 
arrays’ elements. 
In order to increase efficiency of the program, 
structuring of data can be made based on: 1. the most 
frequent operations and 2. the size and the sample of 
input data (sorted or unsorted). 
All of the analyses data is provided in the appendix. 
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Abstract – Having in mind the complex problems of 
technological process of sewing, as well as general 
demands for seams produced in garment production, 
this research should contribute the development of 
sewed seams breaking forces. Thus, many 
measurements of seam breaking forces have been 
conducted. These measurements enable us to define 
optimal strength of seam strength that improves the 
compliance of sewed seams parameters. This paper 
deals with the influence of the thread type and stitch 
density on the seam strength. The breaking forces and 
elongations at break were determined by the 
standardized method (SRPS 2062) and fabric (tape 
method) according to SRPS EN ISO 13934-1. Fabric 
samples used for seam testing were sewed by seam 
(1.01.01) and stitch type 301 with stitch densities 3, 4 
and 5 cm-1. Optimal seam strength (130.9 Ncm-1) on the 
fabric T71, and at the same time the highest strength, 
has been noticed at the samples with seam line in weft 
direction with stitch density 5 cm-1, sewed with 
polyester thread 20x2 tex count, while on fabric T71 
that value is 115.9 Ncm-1. According to obtained 
results, it can be concluded that stitch density (3 cm-1 ÷ 
5 cm-1) and the type of sewing thread (cotton and 
polyester, K1 ÷ K5) have great influence on defining 
seam sttrength, their inconsistency may lead to great 
differences in seam behavior. 

Keywords – Seam Strength, Seam Breaking Force 
 
1. Introduction 

 

  The seam characteristics include: strength, 
elasticity, durability, safety, and appearance. 
Inconsistency of these characteristics can lead to 
significant differences in seam behavior and it also 
affects their deformation characteristics. During the 
process of clothes exploitation, sewed seams and 
materials are subjected to different loads, which are 
usually very variable, leading to different 
deformations. Seam strength should correspond to 
material strength in order to obtain product 
uniformity which will be capable to endure all forces 
which is that product subjected to [1,2]. During 
wearing, stitch bonded parts of clothing are subjected 
to different stresses. In order to improve seam 
endurance, seam elasticity should be a little stronger 
than material elasticity. Thus, the material would also 
mitigate the effect of the forces that affect clothing 
product during wearing. The seam elasticity depends 
on material that is stitch bonded, stitch type, seam 

type, stitch density, etc. Seam durability depends on 
its strength and on relationship between seam and 
material elasticity [3,4]. Seam safety depends mainly 
on sewing width, slippage of fabric wires as well as 
on stitch type. It is crucial to prevent its slitting and 
breaking during the wearing process.  
 
2. Defining seam strength 
 

       One of the most important indicators of the 
sewed products quality is seam strength, which 
depends on different technical-technological 
parameters, such as: fabric type, type and sewing 
thread count, sewing needle count, stitch type, stitch 
density, seam type, etc. According to definition, 
strength and elasticity of sewed seam should be made 
in such a way that they do not allow seam breakage 
upon normal stresses of garment products, but also it 
cannot allow the fabric deformation [1,4]. The seam 
strength can be determined experimentally (by 
defining the force which the seam can withstand). 
Defining breaking force, the point when deformation, 
seam breakage and elongation at break occur, i.e. 
when the sewed sample changes its length, is based 
on measurements related to force and elongations 
under constant direct stress. 
    On the dynamometer, during the testing fabric 
samples with seam in transverse direction in relation 
to the seam, the stress (loading) q at mobile pirn 
clamp is evenly applied (Figure 1a). Furthermore, we 
can notice q′ reaction at fixed pirn clamp which is 
also evenly applied stress even to q (N/cm), i.e. q = 
q′. 

 
 
 

Figure 1. Seam stress at transverse tension a) sample 
on dynamometer, b) and c) application of the stress in 

a stitch 
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For the value of the applied force on the lower 
mobile pirn clamp, the loading q will be: 
 

   
b
Fqq =′=  [N/cm]                        (1) 

Where:  
q – stress of the sample at mobile clamp (N/cm), 
q' – the reaction to the stress q (N/cm), 
F – drawing off force of lower mobile clamp (N), 
b - the sample’s width on the dynamometer(cm). 
 

 

     If we observe the application of the force in one 
stitch, 301 type, (Figure 1b), it is obvious that, 
ideally, threads will be stressed at elongation in each 
stitch. Due to the fact that q = q′, stitch stress will not 
cause the thread migration at entangle points. 
Because of that, we must define reactions that occur 
at side stitches (Figure 1c). In that case, if we apply 
the force of lower clamp movement and the theory of 
material resistance, we can find values of reaction 
forces A(N) and B(N), which would refer to the 
strength of thread built in the seam: 
 
 

  
2
dqBAFP
⋅

=== =
b
dF
⋅
⋅

2
[N]                   (2) 

 

Where: d-stitch length (cm). 
 
    If we change the values for the stitch length that is 
d= b/n, in the last formula, the seam breaking force 
F, which is bonded with stitch type 301, can be 
expressed as follows: 
 
 

d
bFnFF P

P
⋅

⋅=⋅⋅= 22 (N).                           (3) 

 
Where:  
 
 FP – thread breaking force (N), 
 n – number of stitches in sewed material sample 
       If we know the initial thread breaking force and 
the coefficient of strength loss of thread in the 
process of stitch making η, the previous formula is 
changed into: 
 
 

           nFF P ⋅⋅⋅= η12 (N),                            (4) 
 
 

Where: FP1 - initial thread breaking force (N), 
 η - Coefficient of strength loss of thread. 
 
 

     If we want to use this formula, it is necessary to 
determine the value of coefficient of strength loss of 
thread experimentally under the different conditions 

of stitch formation. On the basis of these 
experimental data relating to different fabrics sewed 
by lockstitch of different densities, the value of this 
coefficient is between 0,8 and 1,2. 
 
      Methods used for testing seam strength are based 
on testing thread slippage or thread breakage in the 
seam area. According to tt.Coats method, the seam 
breaking force is defined at one cm of seam length, 
i.e. by defining relative breaking force, in transverse 
direction in relation to seam line. The relative seam 
breaking force is calculated on the basis of average 
value of breaking force and seam length (the width of 
test tube used for testing) according to the expression 
[3,5]: 
 
 

[ ]1−= Ncm
b
FFr                                      (5) 

 
 

Where: Fr – relative seam breaking force (Ncm-1) 
            F – breaking force of test tube seam (N),   
             b – the width of sewed sample test tube (cm).  
 
 

     As the stitch density and breaking force of used 
thread have great influence on breaking 
characteristics if seams, it is necessary for this paper 
to introduce parameter called “seam strength factor”, 
which is calculated according to the following 
equation: 
 

[ ]1−⋅= NcmgFf uPk                                (6) 
 
 

Where: fk – seam strength factor (Ncm-1) 
 FP – thread breaking force (N) 
 gu – stitch density (cm-1) 
 
 

     Havin in mind the analysis of seam breaking 
forces testing and the instability of wire system of the 
fabric and thread system in the seam (due to the 
stress), it is necessary, for projecting sewed seams 
breeaking forces, introduce appropriate correction 
coefficients that would take this fact into 
consideration. In this case, correction coefficient k is 
defined throug the relationship between seam 
breaking force (Fr) and seam strength factor (fk). 
 
3. Experiments 

 
     Two types of fabrics were used for sample seam 
bonding (Figure 1), which were bonded by sewing 
machine (PFAFF company), class 461 (sewing speed 
2500 min-1), stitch type 301 (Figure 2) [6]. 
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Figure 2. The shape of seam sample used for testing 
breaking characteristics 

 
    The machine is equiped with upper and lower 
transport, pedal and needle positioning and automatic 
thread cutting. Fabric samples, tape shape (two 
pieces), dimensions 185 mm x 50 mm, were sewed 
by the seam mark 1.01.01 (Figure 3) [7], at the 
distance of 10mm from the edge, with the needle 90 
(normal needle point), and stitch density 3 cm-1, 4 
cm-1 and 5 cm-1. 
 

 
Figure 3. Lockstich type 301 ( 1- upper needle thread, a-  

lower thread-shuttle thread) 
 
 

     Breaking characteristics of threads were tested on 
dynamometer USTER TENSORAPID 4, according 
to standardized method SRPS 2062 [8], while 
breaking characteristics of fabrics were tested on 
dynamometer ZWICK, according to SRPS EN ISO 
13934-1 [9]. The processing of research data was 
carried out by mathematical statistics. 
 
 
4. Results and discussion 
 
     Table 1 presents basic fabric characteristics that 
were used for making seam samples, while table 2 
presents the characteristics of used sewing threads. 
 
 
 
 
 
 

Table 1. Basic characteristics of fabrics used for making 
seam sample. 
 

Fabric characteristics T21 T71 

Weave Five wired 
sateen 
weave 

Five wired 
sateen 
weave 

Raw material content 
(%) 

50/50; 
PES/Co 

50/50; 
PES/Co 

Surface mass (gm-2) 280 315 

Warp yarn count (tex) 25x2 25x2 

Weft yarn count (tex) 25x2 25x2 

Warp density (cm-1) 30 37 

Weft density (cm-1) 22 26 

Breaking force in warp 
direction (N) 

1672 1727 

Breaking force in weft 
direction (N) 

1305 1298 

Elongation at break in 
warp direction (%) 

19 19 

Elongation at break in 
weft direction (%) 

15 15 

 

Table 2. Characteristics of used threads for sample seams 
sewing. 

Thread 
characteristics 

K1 K2 K5 K3 K4 

Raw material 
content (%) 

100; 
Co 

100; 
PES 

60/40; 
PES/Co 

100; 
Co 

100;PES 

Count (tex) 8.9x3 8.3x2 12.5x3 19.4x3 20x2 

Number of 
twists for 
single wired 
yarn (m-1) 

S 
1267 

S 1039 S 1026 S 845 S 681 

Number of 
twists at plying 
(m-1) 

Z 875 Z 
1010 

Z 780 Z 690 Z 727 

Breaking force 
(cN) 

787 1204 1264 2051 2091 

Elongation at 
break (%) 

4.74 14.22 22.95 6.11 13.94 

Breaking force 
at loop (cN) 

1072.2 1646.1 1805.3 2546.7 3080.3 
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  Table 3 shows the results of testing breaking characteristics of sewed seams. 
 
Table 3. Results of testing seam breaking forces on fabric T21: 
 

Stitch 
density Thread 

Fabric T21 
Seam line in warp direction Seam line in weft direction 
Seam 
breaking 
force 

Relative 
seam 
breaking 
force 

Seam 
strength 
factor 

Correcti
on 
coefficie
nt 

Seam 
breaking 
force 

Relative 
seam 
breaking 
force 

Seam 
strength 
factor 

Correctio
n 
coefficie
nt 

F 
(N) 

Fr 
(Ncm-1) 

fk 
(Ncm-1) 

k  F 
(N) 

Fr 
(Ncm-1) 

fk 
(Ncm-1) 

k  

3 cm-1 

K1 124.9 24.9 23.58 1.0559 125.1 25.0 23.58 1.0602 
K2 179.1 35.8 36.12 0.9911 199.9 39.9 36.12 1.1046 
K5 201.2 40.2 37.90 1.0607 246.7 49.3 37.90 1.3008 
K3 282.4 56.4 61.53 0.9166 288.3 57.7 61.53 0.9377 
K4 398.2 79.6 62.79 1.2677 413.4 82.7 62.79 1.3171 

4 cm-1 

K1 150.8 30.2 31.44 0.9605 181.9 36.4 31.44 1.1578 
K2 236.8 47.4 48.16 0.9842 257.4 51.5 48.16 1.0693 
K5 274.2 54.8 50.56 1.0838 295.1 59.0 50.56 1.1669 
K3 334.8 66.9 82.04 0.8154 368.7 73.7 82.04 0.8983 
K4 447.2 89.4 83.64 1.0688 483.2 96.6 83.64 1.1549 

5 cm-1 

K1 190.1 38.0 39.30 0.9699 221.8 44.4 39.30 1.1297 
K2 309.1 61.8 60.20 1.0265 310.1 62.0 60.20 1.0299 
K5 338.9 67.8 63.20 1.0727 368.3 73.7 63.20 1.1661 
K3 436.9 87.4 102.55 0.8522 444.2 88.8 102.55 0.8659 
K4 537.5 107.4 104.55 1.0272 579.4 115.9 104.55 1.1085 

 
 
Table 4. Results of testing seam breaking forces on fabricT71: 

Stitch 
density Thread 

Fabric T71 
Seam line in warp direction Seam line in weft direction 
Seam 
breaking 
force 

Relative 
seam 
breaking 
force 

Seam 
strength 
factor 

Correcti
on 
coefficie
nt 

Seam 
breaking 
force 

Relative 
seam 
breaking 
force 

Seam 
strength 
factor 

Correctio
n 
coefficie
nt 

F 
(N) 

Fr 
(Ncm-1) 

fk 
(Ncm-1) 

k  F 
(N) 

Fr 
(Ncm-1) 

fk 
(Ncm-1) 

k  

3 cm-1 

K1 138.6 27.7 23.58 1.1747 156 31.2 23.58 1.3231 
K2 194.0 38.8 36.12 1.0741 203.8 40.7 36.12 1.1267 
K5 212.3 42.5 37.90 1.1213 254.5 50.9 37.90 1.3430 
K3 295.8 59.2 61.53 0.9621 325.9 65.2 61.53 1.0596 
K4 405.1 81.0 62.79 1.2900 416.9 83.4 62.79 1.3279 

4 cm-1 

K1 160.0 32.0 31.44 1.0178 184 36.8 31.44 1.1704 
K2 247.3 49.5 48.16 1.0278 272.1 54.4 48.16 1.1295 
K5 265.8 53.2 50.56 1.0522 301.7 60.3 50.56 1.1926 
K3 353.9 70.8 82.04 0.8592 377.7 75.5 82.04 0.9202 
K4 538.8 107.7 83.64 1.2876 563.0 112.6 83.64 1.3462 

5 cm-1 

K1 212.0 42.4 39.30 1.0788 234.3 46.8 39.30 1.1908 
K2 311.8 62.4 60.20 1.0365 334.0 66.8 60.20 1.1096 
K5 314.3 62.9 63.20 0.9952 371.3 74.3 63.20 1.1756 
K3 438.9 87.8 102.55 0.8561 464.8 93 102.55 0.9068 
K4 570.2 114 104.55 1.0903 654.7 130.9 104.55 1.2520 
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The graph shows the results of testing seam 
breaking forces according tables 3 and 4. These 
results are presented in figure 5. 

 

 
 

 
 

Figure 5. Changes of seam breaking forces depending on 
thread type and stitch density, a) for fabric T21 and b) for 

fabric T71 (O – seam line in warp direction, 
P – seam line in weft direction) 

 
The analysis of obtained results of breaking forces 
shows: 
• Increased stitch number improves the strength of 

analyzed seams, i.e. their breaking and relative 
breaking force. This improvement can be noticed 
for all samples, regardless to the type of used 
thread. 

• Comparing fabrics T71 and T21, the bigger 
breaking force can be noticed at fabric T71, 
which is caused by fabric construction itself. As 
these fabrics are in the same weave and of the 
same raw material content, the seam breaking 
force is influenced by the density of weft and 
warp wires in the fabric (Table 1). The seams in 
weft direction have bigger breaking force 
comparing to seams in warp direction, which can 
be explained as a result of structural solution of 
woven fabric and its bigger breaking force in 
warp direction. 

• Seam samples were sewed by PES threads (K2, 
K4) that, thanks to better mechanical 
characteristics, have bigger values of breaking 
forces in relation to samples sewed by cotton 
threads (K1, K3). 

     Statistic data processing proves the validity of 
results obtained by the influence of stitch density and 
sewing thread type on seam strength. This also 
confirms mutual dependance of seam relative 
breaking force, as dependance variable, and stitch 
density and sewing thread type, as independant 
variable, during which correlation coefficient R is 
determined.  
      Table 5 shows correlative and regression analysis 
of results, which are obtained by testing relative 
breaking force of seam and stitch density for seam 
samples with used stitch 301 type. 
 
Table 5. Correlation and regression analysis of results 
obtained by testing the influence of seam strength factors 
on relative seam breakin force. 

Note: Fr –average value of relative breaking force of seam 
force, R – correlative coefficient, A and B – coefficients of 
regression (linear) equation, fk –seam strength factor 
(Ncm-1) 

    Linear regression of dependence between relative 
breaking force and seam strength factor is shown in 
figures 6 and 7. These regressions are valid for stitch 
density interval from 3 cm-1 to 5 cm-1. 
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(b) seam in weft direction 

 

Figure 6. Linear regression between relative breaking 
force and seam strength factor for samples used on fabric 
T21, a) seam in warp direction and b) seam in weft 
direction. 
 

 

 
(a) seam in warp direction 

 

 
b) seam in weft direction 

 

Figure 7. Linear regression between relative breaking 
force and seam strength factor used for samples on fabric 
T71, a) seam in warp direction and b) seam in weft 
direction 
 
     On the basis of results shown in tables and graphs, 
it can be noticed that optimal seam strength on fabric 
T71 with 4 cm-1 has the value 70.8 Ncm-1 for the 

seam in the warp direction, and 75.5 Ncm-1 for seam 
in weft direction, with 5 cm-1 , it is 114 Ncm-1 for the 
seam in warp direction and 130.9 Ncm-1 for the seam 
in weft direction. 
 
     It acan also be concluded that change of seam 
breaking force (results referring to stitch densities in 
itnterval from 3-5 cm-1) gains aproximative 
functional dependance. Higher values of stitch 
density cause damaging of above mention 
dependance. 
 
      Dependence correlation between parameters, in 
an interval, besides information on the type of 
dependence, can also be used for calculating values 
of one parameter for appropriate value of other one. 
Understanding dependence between some parameters 
of sewing process is of great importance in quality 
control and in the process of textile processing.  
 
 
5. Conclusion 

 
     According to the results from this experiment, it 
can be concluded that seam strength depends on used 
fabric (structural and construction parameters), type 
of used thread (raw material content, count), as well 
as on stitch density per cm of the seam. Optimal 
seam strength (130.9 Ncm-1) on fabric T71, which is 
at the same time the highest strength value, was seen 
at samples with seam line in weft direction with 
stitch density 5 cm-1, sewed by poliester thread 20x2 
tex count, while, for fabric T21, that value is 115.9 
Ncm-1. 
 
      Having analyzed dependency of relative breaking 
force and seam strength factor on stitch density, as 
well as having applied given correlative 
relationships, it can be concluded that there is 
connectivity between parameters. It is approved by 
the values of correlation coefficient. On the basis of 
this analysis, it is possible to predict seam-breaking 
force for stitch density interval from 3 cm-1 to 5 cm-1 

for all above mentioned sewing threads. 
 
     Taking into consideration numerous parameters 
influencing the seam quality (type of material, type 
and thread count, seam type, stitch type, stitch 
denstiy, etc.) , there are many possibilities for 
combining them with different final characteristics of 
seams. The main purpose of these combinations is 
defining the appropriate technical-technological 
parameters of sewing process in order to improve 
productivity and seam quality. 
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  Abstract: In this paper we presents process of 
UML modeling for algorithm which is used in 
computational geometry and computer graphics. 
Implementation of algorithm for triangulation 
polygon is given in programming language JAVA. 
The main motivation is to present a way of solving 
problems through so-called visual planning and 
programming using object-oriented concepts. 
Dynamic and static model processing show the 
problem and give the plan for solving and 
implementation in some of objective-oriented 
program language. In one section of this paper we 
will list some research of authors and their results 
in the application of programming languages in 
the field of computer graphics. We specify reason 
for programming in Java in computer graphics 
and compared with other programming 
languages.  
 
  Keywords: Computer Graphics, Triangulation 
Polygon, Java, UML, Computational Geometry 
 
1. Introduction  

 
The important thing in computer graphics is a 
triangulation of the polygon. A triangulation of a 
simple polygon assumes the decomposition of the 
polygon interior into triangles, where mutually 
internal diagonals do not intersect (Figure 1, Left). 
Triangulation allows that from the set of points gets 
three-dimensional view of objects. Triangulation also 
provides a mechanism for “glazing” 3D figures 
(Figure 1, Right) which is very important for speed, 
quality and resolution of the objects in computer 
graphics.  

 
 

Figure 1. Proces of triangulation and 3D view 
 

The main goal of this paper is to simplify the process 
of solving the algorithm. The analysis and problem 
solving in this way has many advantages just because 
it provides a clear definition of requirements and 
specific plan that we will later use to create 
applications. Object - oriented analysis and design  
(OOAD) of algorithms is a software 
engineering approach that models a system as a 
group of interacting objects. The advantage of 
object-oriented modeling is the fact that objects 
encapsulate state expressed by attributes and 
behavior specified methods or operation and they are 
able to communicate by sending and retrieving 
messages. Using the advantages of object-oriented 
programming and modeling techniques it is possible 
to build a data model of custom features. 

 
2. Reason for java programming and 

comparison with other languages 
 
Java as a programming language can be 
characterized as: simple, high-performance, object-
oriented, multithreading, dynamic, distributed, 
secure, portable and etc. The advantage of Java is 
that the most programming languages or interprets or 
compiles to run on the computer, while Java and 
compiles and interprets.  We specify some other 
programming languages that can find applications in 
computer graphics that can be used to solve similar 
algorithms (Python, C++, PHP).  
Python is also object-oriented interpreted 
programming language. Python was created in 
response to, and improving the compiled languages 
such as C++ and Java. The main advantage of Python 
is his simple syntax and simplicity, which allows 
developers to focus on the problems rather than on 
programming. The disadvantage is speed, in case you 
are doing some things that require lots of processing 
power. The first connotation in comparison Python 
with Java is usually the ease of work. Compared to 
Java, Python applications that implement the same 
algorithm are much shorter. Productivity is at a very 
high level, primarily because of the syntax and 
especially because of the large number of ready-
made libraries and modules that come with the 
standard distribution. Runtime implementation of 
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Python language is available on many platforms, 
which means that written code will work without 
modification on these platforms. Unlike Java, 
Python's syntax does not require encapsulation of the 
class and do not support real interfaces but it 
supports multiple inheritance and functional 
programming.  
JAVA computational geometry library contains an 
implementation of major Computational Geometry 
algorithms in Java [10], pretty much as CGAL does 
for the C++ language. In recent years, Java has 
significantly improved, particularly since the 
appearance of Java 2 standard. Now under this 
programming language, there are many opportunities 
to create applications with interactive graphical user 
interface (GUI), a detailed image processing and 
programming of graphic elements. 
Comparison of Python and PHP language is probably 
the most difficult. Python have much wider 
perspective than PHP. Only after development of 
PHP-GTK (Graphic – Tool – Kit) module, PHP 
supports programming interface. Python in purpose 
of use is much closer to Java than PHP. Java is 
primarily used to create desktop 
applications/software while PHP is used to make web 
applications. Of course both support web and desktop 
applications but you would find very few who 
interchange those two. Java is complex while PHP is 
a bit simpler. Java has a massive library while PHP 
has a small but quite useful library. Generally 
speaking JAVA developer earns more than PHP 
counterpart. C++ is more consistent as a language 
and during learning is clearly see the difference 
between the very languages and libraries that come 
with it. Computational Geometry Algorithms Library 
(CGAL) in C++ is used in various areas needing 
geometric computation, such as: computer graphics, 
scientific visualization, computer aided design and 
modeling, geographic information systems, 
molecular biology, medical imaging, robotics and 
motion planning, mesh generation and numerical 
methods [13].  
 
2.1 Related works and research in solving of 
algorithms for computational geometry 

In this section we will list some works and research 
of authors and their results in the application of 
programming languages in the field of computer 
graphics. Authors the paper [1] discuss the design of 
several Java applets that visualize how the Voronoi 
diagram for triangulation polygon of n points 
continuously changes as individual points are moved 
across the plane, or as the underlying distance 
function is changed. Moreover, authors report on 
some experiences made in using these Java applets in 
teaching and research. In paper [2] specified is 

studied profoundly that the compound 3D 
visualization modeling system can be built up with 
the open-sourced graphic libraries PYOpenGL and 
VTK (Visualization Tool-kit). In this process, the 
computational models written by Python. Then 
based-on this data structure, spatial discrete points 
Delaunay triangulation in any plane is accomplished 
through the setting of projection plane.  
 

 
 

Figure 2. Java application for Delaunay Triangulation 
 

Taking full advantage of the topology characteristic, 
a kind of algorithm which can search interrelated 
triangles, segments and vertexes efficiently is 
obtained and the object of inserting any constraint is 
reached.  
In paper [3] specified PHP image processing and GD 
graphic extension, the energies calculated in active 
contour algorithm are adapted so the continuous 
energy is approximated with the distance between 
two consecutive points, the curvature energy is 
normalized using the same distance and the vicinity 
of each point are calculated until an edge is detected 
and that point will not move anywhere. The paper [4] 
is the first attempt to compare Web services engines 
implemented in PHP and Java. In this paper authors 
perform a thorough study of the capability of PHP as 
a Web service engine in both qualitative and 
quantitative aspects while comparing it with other 
Web service engines implemented in Java [12].  
The paper [5] describes a new working 
implementation of the Python language, built on top 
of the Java language and run-time environment. 
Implementing Python in Java has a number of 
limitations when compared to the current 
implementation of Python. The advantages of Java as 
an implementation language include portability of 
binary executables, object-orientation in the 
implementation language to match object-orientation 
in Python and the ability to automatically generate 
wrapper code for arbitrary Java libraries.  
In paper [6] specified the two language approach to 
software development has been investigated by 
several language designers. Java is a static type-
checked language which offers performance, 
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robustness and modularity as such, while Python is a 
run-time type-checked language which offers rapid 
prototyping, dynamic run-time modification, and 
delayed evaluation. In [11] is given advantages 
programming language C++ in computational 
geometry and computer graphics.  
 
On portal - The Computer Language  Benchmarks1 is 
stated testing results of several programming 
languages for more algorithms. Some of them are: n-
body, spectral norm, thread ring, reverse-
complement and etc.  In this part of the paper is listed 
research which was conducted for the algorithm 
BinaryTrees, in order to compare testing results for 
the same programming languages for our algorithm. 
Each table row shows performance measurements for 
Java, Python, PHP and C++ program for the same 
algorithm for BinaryTrees. 
 

n 
 

CPU secs Elapsed secs 

java python php c++ java python php c++ 

12 0.16 0.95 1.14 0.21 0.12 0.98 1.15 0.16 

16 1.01 20.88 35.26 4.06 0.57 5.73 35.29 2.33 

20 20.54 483.8 895.4 79.6 9.73 129.3 897.4 46.3 

 
Table 1. Performance measurements for algorithm 

 
As for the CPU Load (testing on this portal is carried 
out on Intel® Q6600 quad-core) and in the most 
demanding case where is n=20, highest CPU 
occupation is registered by Python (93% , 92% , 
98%,  93%). The values in parentheses refer to the 
core CPU.  In the case for C++ (27% ,98%, 25%, 
24%),  Java (55%,  27% , 76% , 57%) and PHP 
(7% ,81% ,10% ,3%). 

 

Graph 1. The ratio of all four programming languages in 
both criteria (average value) 

 

                                                             
1 (http://shootout.alioth.debian.org/), 

3. Triangulation convex polygon in  JAVA and 
UML environment 

In this part of the paper we present procedure of 
object-oriented analyze and design for algorithm for 
triangulation polygons. The tool that is used for 
object-oriented analysis is the UML. 
UML standard that is applied to the object-oriented 
approach provides appropriate views of the system, 
so that are in all terms system can be described from 
a static (structural) and dynamic aspect. It is used to 
design software which needs a plan, offers the 
possibility of visualization in multiple dimensions 
and levels of detail and is suitable for upgrading old 
systems. Generally, this is a good way to resolve 
problems, because the UML describes the source 
code, models help to visualize the system as it is or 
what it should be and allow you to determine the 
structure and behavior of the system. 
This paper presents modeling first through the static 
and then dynamic diagrams. This is a good way to 
resolve because the UML describes the source code, 
models help to visualize the system as it is or what it 
should be and allow you to determine the structure 
and behavior of the system. Models document the 
decisions that we were making and provide solutions 
to guide us during the construction of the specific 
applications. In the following we present some of the 
UML diagrams that are crucial to the process of 
implementation of the algorithm, specifically in this 
case in the Java programming. The complete analysis 
is developed through three models of the system:  

A. static,  
B. dynamic and  
C. physically.  

 
In our project we develop: 

- 9 use case diagrams,  
- 17 activity diagrams,  
- 1 class diagram,  
- 9 state diagrams,  
- 18 sequence diagrams and  
- 7 communication diagrams. 

 
Implementation of algorithms for triangulation 
convex polygon is realized through the same class 
(Diagram 1). Class diagram describes structure of the 
system. Classes are being modeled and they connect 
mutually through class diagrams and classes are 
described by names, attributes and operations.  
Connections provide communication between 
classes. In the shown class diagram two types of 
connections are defined (generalization and 
dependency). 
 
 
Generalization is a kind of dependency which is 

http://shootout.alioth.debian.org/help.php#time
http://shootout.alioth.debian.org/help.php#time
http://shootout.alioth.debian.org/
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established between subclasses and main class. 
 

 

Diagram 1. UML Class Diagram 

Class diagram representing all the classes that 
participate in creating applications for the 
triangulation of the polygon. TriangulationPol 
standard class inherits Panel class and contains the 
init() method, which is responsible for defining 
graphic elements. 
Activity diagram (Diagram 2) consist of rows of sub 
activities (action) which gives suitable value. Order 
of performing actions is defined so after one action is 
being finished the other one continues but there is a 
condition that the suitable value is obtained. All 
activities are further decomponated into sub 
activities.  

 
 
Diagram 2. Activity for display method in Java application 

Java source code for method for displaying based on 
UML diagram activity: 
 
public void display(Graphics g){ 
KStructureD t; 
g.drawString("number of triangulation on 
display=" + kListing[order].size(),480,20); 
kPicture.init(); 
for(Enumeration e=kListing[order].elements(); 
e.hasMoreElements();){ 
   t = (KStructureD) e.nextElement(); 
   kPicture.copy( t ); 
   kPicture.Paint(g);} 
  } 
 

TriangulationPol class is responsible for drawing a 
convex polygon triangulation. This class provides the 
verification of all the vertices of the polygon and to 
take order those combinations of internal diagonal 
which form the triangles within the polygon under 
the condition that do not intersect (Algorithm). 

Algorithm 1: Finding all internal diagonal of simple  
convex polygons [9] 

o Step 1: Set the counter i = 1, 
o Step 2: i-th point connect with (i+2)-nd point, 
o Step 3: Is the new diagonal internal? 

− Yes:  Add it in the list and eliminate (i+1)-th 
point of the polygon. 

− No:  i=i+1 
o Step 4: Return to step 2 

 
The method make() creates an internal diagonal. The 
method Display() ensures that any combination of 
triangulation and the records appear on the panel. 
Class TriangPolygons implements class 
TriangulationPol  and contains the method Paint() 
which is tasked to do the drawing of a combination 
of triangulation of the polygon. 
 

 
 

Diagram 3. Activity Diagram for make method 
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Java source code for make method based on UML 
diagram activity: 
 

public void make() { 
kListing = new Vector[order+1]; 
for( int i = 0 ; i < order+1 ; i++ ) kListing[i] 
= new Vector(); 
kListing[0].addElement( new LNodes() ); 
kPicture = new TriangPolygons(); 
for( int k = 0 ; k < order+2 ; k++ ) { 
 
//for diagonals 
double d = (2*order+2-4*k)*Math.PI/(2*order+4); 
Fsinus[k]   = (int)Math.floor(60*Math.sin(d)); 
Fkosinus[k] = (int)Math.floor(60*Math.cos(d));} 
 
//for drawing picture 
for( int n = 1 ;n<order+1 ; n++ ){ 
for( int i = 0 ;i<n ; i++ ){ 
for( int j = 0 ;j<kListing[i].size() ; j++ ){ 
for( int k = 0 ;k<kListing[n-i-1].size();k++){ 
kListing[n].addElement(new Nodes(  
 (KListD)kListing[i].elementAt(j), 
 (KListD)kListing[n-i-1].elementAt(k) ));} 

}    
}  

}   
 
Sequence diagrams (Diagram 4) presents actions 
which are described in activity diagrams, but here the 
accent is on the order and time duration the life 
length of some object (instance some class). This 
sequence diagram only shows the segment method 
Draw() which has responsibility for ensuring the 
rendering of all possible triangulation. This diagram 
shows only the first part, ie the possibility of drawing 
all possible combinations. This uses the changing x, 
y, z and w whose value is obtained by using methods 
from the class TriangulationPol. These methods are: 
Fsinus(), Fkosinus() and Math.sin(d), which added to 
the position sCursorX and sCursorY. 
 

 
Diagram 4.  Sequence for class TriangPolygons and 

TriangulationPol 
 
Java source code based on UML diagram sequence: 
 
public void Draw(Graphics g, String aLabel){   
int x,y,z,w; 
if ( XLIMIT<= sCursorX ) { 
sCursorX = XEDGE; sCursorY += YBLANK;} 
for(Enumeration e = elements(); 
e.hasMoreElements();){ 
Point p = (Point) e.nextElement(); 

 
//for drawing line in polygon 
x=TriangulationPol.Fsinus[p.x]+sCursorX; 
y=-TriangulationPol.Fkosinus[p.x]+sCursorY; 
z=TriangulationPol.Fsinus[p.y]+sCursorX;  
w=-TriangulationPol.Fkosinus[p.y]+sCursorY; 
g.setColor( Color.black);  
g.drawLine(x,y,z,w);  
} 
 

Method Draw is located in class TriangulationPol. 
This method is responsible for making individual 
polygon triangulation. In Java with the command  
drawLine for appropriate number of vertices is 
formed regular convex polygon. One combination of  
internal diagonals forms a triangulation of the convex 
polygon. Method DrawAll also belongs to the class 
TriangulationPol, and she is responsible to 
provide iteration with the method Draw. The main 
executive method in Java is located in App class and 
is responsible for the basic input of n parameter 
(number of vertices of a convex polygon).  
UML communication diagram (Diagram 5) 
emphasizes the structure of relationships between 
participants in the interaction. This diagram shows all 
who participate in the interaction in the 
implementation of the application and their 
interrelations. 
 

 
Diagram 5. Diagram of communication  

 
         During testing our application which 
programming in Java, we recorded a total time of 
execution of applications for corresponding value for 
n, number of combinations per second. When 
executing Java application Java Virtual Machine 
(JVM) reserves more working memory for its object. 
JVM is compiled for many platforms and it comes in 
package with the standard Java libraries that together 
make Java Runtime Environment (JRE), and on any 
platform where it can be installed can run Java 
applications. This is a huge advantage, it shortens the 
time of porting to other platforms and has control in 
the execution of code and provides greater security.  
When testing of Java application is observed that 
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with increasing values of n increases the number of 
combinations per second.  
 
 

 
 

Figure 2. One part of Java aplication (Left) and diagram 
for result of testing application (Right) 

 
* PC performance for testing results: CPU - 
Intel(R)Core(TM)2Duo CPU, T7700, 2.40 GHz, L2 
Cache 4 MB (Full-Speed), RAM Memory - 2 Gb, 
Graphic card - NVIDIA GeForce 8600M GS. 
 

 
4. Conclusion 

       The main task of our paper is to present visual 
planning for solving some algorithms in computer 
graphics and computational geometry. In this paper 
we give a proposal which programming language is 
most suitable to implement algorithms which are 
used in computer graphics in terms of speed, 
simplicity of syntax and clarity of the source code. 
The basic idea was that through the modeling tool 
graphically present the algorithm and based on the 
final UML models we implement in Java 
environment. The advantage of this way of resolving 
the problem is reflected in two aspects: aspect of the 
analysis and design and programming aspects. 
         From the aspect of the analysis and design it 
provides a clear definition of requirements and 
specific plan that we will later use to create 
applications. From the programming aspect UML 
describes the source code, models help to visualize 
the system as it is or what it should be and allow you 
to determine the structure and behavior of the 
system. The results of this paper are specific models 
in the form of UML diagrams and actual 
implementation in the Java environment. As a 
conclusion from the application programming and 
testing can identify that Java is a programming 
language with exceptional abilities when it comes to 
working with graphics and also when it comes to 
speed of execution.  
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Abstract 
 
In this paper are treated the implementation’s 
problems of information system(IS) in public 
government in BH. The IS implementation is complex 
process which implies the resolving of problems such 
as: the analysis of theoretical aspects of development of 
the IS, the analysis of prevalent conditions, the choice 
of the most suitable methods for IS development, the IS 
implementation, the post implementation support, as 
well as the measurements of practical benefits of the IS 
implementation. 
Keywords: information system, methodology, local 
government. 
 
 
1. Introduction 

      In theory and practice of the information systems 
of the development and planning it is known more 
than one methodology. In today’s conditions the 
development and planning are being realized by 
forming a mixture of teams in whose composition 
enters: users (analysts of realistic systems), system of 
analysts, informaticians and planners of program 
systems[1]. 
      Planning team using contemporary tools for IS 
development and planning (CASE-computer aided 
software engineering) develops an information 
system through phases depending on selected 
methodology.  
       In the paper it is made one suggestion on concept 
for development of information system for local 
governments in BH (in the text ISL) at the way it is 
arranged and conditions which rules in it today. 
Today it is very common the answer to the question 
how should it be developed and planned information 
system related to automation of some functions 
according to the district structure’s levels of 
according to the services. However, because of great 
complexity and informality of some functions and 
processes in systems for which is needed to develop 
program system, it is necessary to put a lot in order to 
find a methodology which will be the best suitable to 
needs for the development of those systems. 
 

2. Possible concept for development of ISL 

      Using the past experiences in progress of the IS 
development, applying some already existing 
methodologies and accomplishments on the use of 
the methodology MIRIS (which was completely 
available), it is given one concept for the ISL 
development [2]. Only the combination of more 
available methodologies would probably in full be 
suitable for the development of the IS for local 
government, such as it is in BH today. 
If we decide for development of the IS, from the top 
to the bottom, it is necessary to: 
 
• Form information center of government for 

informatics (ICGI) on the level of the smallest 
entity 

• Defining the role of government in the 
development. 

      The basic task of the ICCGI would be to make 
adequately computerization of public government. 
The ICGI among others would be responsible of: 
 
• The development of applying program 

equipment  
• The advising on planning and introducing of 

information techniques to the organs of 
government 

• Professional supervision during developing and 
introducing of the applied program equipment 

• Guarantee of adequate quality of services and 
products of information technologies 

• Methodological and technological coordination 
in the development of the project. 
 

     All mentioned duties are closely related with 
selected methodology of information system 
development. Beside already mentioned duties the 
ICGI would have to take into account the formation 
of the methodology which would deal with the IS 
development for public government. 
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      The organs of government as users of services as 
well as orderers themselves would take part in the 
computerization of public government. The ICGI 
would appear in the function of a professional 
coordinator, as well as performer who would perform 
the majority of work. In situation like that it often 
comes to that that in individual developments are 
used very different approaches from which follows 
diverse projects (before everything it stands for 
phases of analysis and planning). Such diversity 
makes more difficult, if it does not already make 
impossible, the efficacious of professional 
supervision and guarantee of quality for what the 
ICGI would be in charge [3]. In further, the renewed 
usability of products of development and the 
comparison with diverse project of development 
make more difficult.  
In order to make prestigious information system it is 
necessary for several to include government on the 
entity level: 
 

- The software would become more cheaper 
for districts 

- The quality of software would probably be 
incomparably bigger, because of suggestion 
from more districts during the development 
of applications. 

- They would get one universal system 
applicable on the whole territory of Bosnia 
and Herzegovina. 

- People would have some standard 
procedures for resolving their problems 
wherever they are 

- The government would have better working 
control of some districts. 

- Electoral commission would get unique data. 
- Institute for statistics and different 

observations for development of districts 
would also be able to get needed data.  

- Simply said, everyone would get something 
(the state, districts and users of services). 

The basic purpose of suggested concept of the IS 
development for the ICGI and also to other organs of 
government is to offer: 
 

- A help during preparation, establishing, 
coordination, leading and supervising the 
projects of the IS development, which are 
performing for the needs of the ICGI ( joint 
projects) and for the needs of other organs of 
government, 

- Gradual approach in the development and 
implementation of the IS of the organs of 
government, 

-  Methodological support for supervising the 
quality of the projects, which are performed 
by the engaged performers, 

- Adding guidelines for engaged performers. 

2. Review of methodology for ISL development 
 

      In the beginning it is necessary to define: 
working rules, procedures of development and to 
choose CASE tools. When we look at this 
chronology, it can be seen that we are slowly taking 
some steps which are characteristic for structural 
methodologies.  
      In the structural methodology are presented 
diagram techniques for data and functional modeling 
(without which it is impossible to imagine a good 
approach during the IS development), procedures of 
the IS development and examples of diagrams with 
CASE tools which offer a very good support to the 
teams who develop the IS and to those who maintain 
them. The structural methodology of the IS 
development is based on the methodology of 
information engineering, Oracle CDM methodology, 
SSDM methodology.  
 
 
2.1.  Rules and usage of diagram techniques 

     Simply understandable and into detail defined 
structural diagram techniques are of key importance 
during the IS development. During the IS 
development it is needed a close participation of 
those who develop IS (teams and analysts) and the 
users of the IS, and both of them have its own rule 
from the beginning of development to the 
implementation of the IS. The diagram techniques 
are of priceless values for the exchanging of ideas, 
but in the final phase with its unambiguousness 
guarantee that the developers in the right way and to 
the smallest details do understand the effect and 
meaning of the organization of system. Because of 
the work automation, analysts who use CASE tools, 
the clearly defined diagram techniques are even more 
important to them, because they enable the 
translation of syntax, the automatically transfer 
between different diagram techniques and 
automatically translation of diagrams from logical 
level into physical level. There are many reasons 
why the IS development and maintaining is 
impossible to imagine without the usage of structural 
diagram techniques [4]. 
       In the continuation, there are presented several 
diagram techniques, which are recommended by the 
structural part of methodology for the different 
phases of IS development. Diagram techniques 
which are used in phase of analysis, are serving for 
presentation of the effects and information needs for 
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some organizing system (the organ of government), 
or the effects of area inside of organizing system on 
logical level and they do not determine later physical 
performances of the IS [5]. Diagram techniques 
which are used in planning phases, they already 
reflect the structure or design of applying systems, 
which would be developed in the performance phase. 
Review of diagram techniques, which are used in 
different phases of the IS development can be seen in 

the following table. In the left column are given the 
diagram techniques and other formal techniques, 
which are recommended to be used in methodology 
of the IS development. In the first row are given the 
phases of the IS development. At the section of 
individual phase and diagram techniques is given 
products at which that diagram techniques uses at 
that phase. If the section is empty, that means that 
diagram technique is not used in that phase. 

 

Phase of diagram 
techniques’ development Strategic planning Analysis of working 

area 
Planning of applicative 
systems 

Decomposition diagrams 

Organization scheme, 
functional 
decomposition, strategic 
elements (aims, 
problems, critical factors 
of success) 

Detailed functional 
decomposition  

Structural plan of the 
applicative system 

Diagrams of data’s flow Analysis of data’s flow Detailed functional 
model  

Diagram of entity Global entity model Detailed model of data  

Matrix of bonds Matrix of bonds 
Functions – entities 

Matrix of bonds 
Processes – entities  

Diagram of action  Detailed functional 
model Processing plan 

Structural diagrams   Structural plan of the 
applicative system 

Diagram of transition state   Processing plan 
Relational scheme   Plan of structure’s data 

Table 1 Preview of diagrams’ techniques through phases of the IS development 
 

 
2.2 Procedures of development 
 
     At picture (figure 1) is shown the development of 
IS, that is described in the structural part of the 
methodology of the IS development. On the 
horizontal axis are given phases which follows one 
after another. On the vertical axis are given activities, 
in whose borders are necessary to do one or more 
activities.  
 
     An individual activity (for example defining 
requests) can be performed only in border of one 
phase, but the majority of activities are performed in 
more than one phase.  
 
 
 
 

      A product (output) has to be result of every 
activity, which will be based on one or more outputs, 
which represent an entrance to one of the activities. 
With regard to the dependence between activities, it 
is possible that some activities happen in the same 
time or with some degree of overlying, and some 
happen one by another (Figure 1). 
 
 
 
 
 
 
 
 

.
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Strategy Analysis Planning Performance  Insertion Supervision

Defining of requests

Analyzing existing state of the 
IS

Defining of technological 
requests

Documentation

Translation of datas

Testing

 Introduction

Planning of data’s base

Planning and production of 
programatical modules

Transfer to new system  

Supervision of applicative 
system

A
ct

iv
iti

es

Phases

Figure 1. Phases and Activities of product output

  
  3. The methodology of development of the 
applications for the business process support 
 
Tools that would be used for the business process 
support can be divided into: 

- Business process reengineering tools – BPR 
Tools 

- Workflow management systems – WFMS 

WFMS Tools enable the performance of the business 
processes. Before it is possible to perform processes 
it is needed to modulate them in the way on which an 
individual tool recognizes it. In order to avoid a 
repetition, for different tools is needed to produce 
instructions, which enable a transfer of data in the 
model from BPR-tools, as well as from WFMS-tool. 
The WFMS enable information supervision and 
direction of business processes from one activity to 
another, actually from one process performer to 
another. During the direction of processes it is 
needed to inform the users that they have to do 
assignment which guarantee to them suitable 
programmatic tool. This programmatic tool must be 
able to do requested assignment, to guarantee 
suitable data and make visible to users to see  
 
 
 
 
 

                    
3.1 Procedure of development 
 
 
The procedure of the workflow application 
construction is different from the classical approach. 
Since working area of such application can represent 
a complete effect of organizing systems, it is very 
important to have a possible approach to description 
of organizing systems. Key elements of this 
description are: organizing scheme and description of 
business processes. The main reason for making 
difference between classical approach and approach 
during the development of applications for workflow 
management is in the content and not in the 
performance. 
 
3.2 Linking with other methodologies and projects 
 
One of the directions in the methodology of the IS 
development should be that methodology has to be 
compatible with already existing methodologies, 
which are already in use, which ICGI uses and which 
can be used for computerization of the organs of 
government. By introducing a new methodology 
which would not be compatible with already existing 
and used methodologies would actually open a lot of 
questions and dilemmas, and what would exactly be 
the opposite of what is wanted to be achieved by new 
methodology.  
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Methodology of the 
strategic planning

Methodology of leading 
project

Methodology of IS 
development

Strategic plan of the IS development

The production of 
strategic plan for 

development of the 
unique IS for public 

government 

Strategic plan for 
development of unique 

IS for public 
government

The production of 
strategic plan for 

development of the 
unique IS for district 

organs

Concrete projects 
during the IS 
development

Strategic plan for 
development of IS for 

district organs

Results of the concrete 
projects during IS 

development

Legend of bonds Methodology is base for the technical performance of the project

A product is the base for production of other projects

 Methodology of project management is the basis for project management

Result of project is a product

Legend of links

Methodology  Project Result of project  
 

Figure 2.  Metamodel bond between methodology, projects and products

 

      The picture (Figure 2), shows that the 
methodology of the IS development is linked with 
methodology of strategic planning as well as with 
other methodologies who are used in the introduction 
of information technologies in the public government 
(for example methodology for the project leading). 
      Methodology of leading project in public 
government can be prepared on some other base. 
Methodology of leading project in public government 
should have to describe the organization of project, 
and the procedures of leading. This methodology can 
be used for all projects in areas of information 
technologies for leading and guaranteed the quality 
of project. On meta model is obvious that during the 
IS development can be used more methodologies: 

- Methodology of the IS development according 
to which are performed technical activities and 
preparation of technical products. 

- Methodology of leading project according to 
which flow procedures of leading projects and 
guaranteeing the quality of project. 

4. Projection of the usage of methodology 
 

      If we take into consideration that one of the users 
is a leader or the project for the IS development 
which MIRIS would use as a help for defining 
suitable projecting activities, to choose surveillance 
spots, as well as determining tools which would be 
the outcome of development process. The project 
leader will choose suitable approach (structural, 
objective…), according to which will flow the 
project development. In the part of methodology, 
where is represented the procedure of the IS 
development, as a result would appear an output 
which will be later used and which will determine 
the flow of the next phases from which the project is 
made of. Of course, the project leader would be able 
to retain the real condition and based on its own 
experience will retain recommended phases or even 
to break them apart into more phases. Presented 
classifications on phases in methodology we should 
not take as absolute ones, but as the most common 
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example which is suitable to the .most of the 
developing projects, but not to all. The mentioned 
classification of phases is not absolute, it is already 
said in the structural part of the methodology, where 
on the base of the first presented complete approach 
would be represented one more approach but in the 
shorten version. In the shortened approach some 
phases has to be together, with the fact that activities 
inside those phase are broken. Further one, the 
project leader in the part where is described 
procedure of development, will find the proposal of 
activity and their chronology inside the phase. 
Activities and their chronology is determined on the 
base of work experience within more projects. 
Therefore it is recommended to project leader to use 
the known model as much as possible and of course 
he can change or join individual activities according 
to its own judgment. 
      In the second part of this chapter is said that 
methodology recommended for leaders and members 
of teams for the establishment of the IS. Project 
leader is very interested in the part where the 
procedure of development is shown, because in spite 
of everything he gets the proposal what is the best 
way to perform some phases, which outputs would 
be used as entrances in some of these phases. The 
products of analysis and planning are of the key 
importance during the IS development and there are 
hidden the biggest traps and the most often 
defectwhich later on appear in phases of IS 
development. 
 

5. Conclusion 
 
As addition to conclusion it can be added that it is 
about Bosnian E – government module, which 
begins from the constructions based on traditions 
and professional systems which have influence on 
district government in the last few decades. The term 
transformation should understand as throwing out, 
rotation and introduction of new work methods in 
government, but in relationship with citizens, while 
trying not to throw too much of the old one. The 
path which outlines the development of districts in 
Bosnia and Herzegovina is not extreme either in 
relation to economic efficiency or in relation to the 
movements of bureaucratic ideals. It is found in one 
grey zone, between black and white, where all 
excuses are satisfied, but there is no collective ideal 

model for who, what and how can be achieved. The 
pressure which the environment has put on districts 
and the speed by which IKT develops can take part 
in improvement of tendencies, which can be seen in 
the relation with competition, orientation and 
auction, and in future it can take part in a 
politicization of terms such as profit and result 
orientation. 
The methodology of the IS development as well as 
other methodological materials which are made for 
the necessities of government administration, not 
even a document (document: UNDP BH ICT 4D – 
ICT FOR DEVELOPMENT), which is written will 
not stay unchanged for the whole time. It is needed 
to renew and fulfill in a valid way. Therefore in the 
next few years needed material will be fulfilled on 
the basis of practical experiences, new needs on the 
fields of the IS development public government and 
technical trends. The methodology of the IS 
development adds one more piece to the mosaic of 
the methodological arranging of the computerization 
of the public organs 
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Abstract – Computer crime represents an 
international issue which all democratic societies, 
including ours, need to stand against. 
Accordingly, it is necessary to introduce such legal 
definitions in positive legislation of the Republic 
of Serbia which take into account the specificity of 
electronic proof, in order to use collected proof as 
valid in a court procedure. Also, an international 
standardization of process rules of a criminal 
procedure regarding actions of corroboration of 
this kind of crime is necessary, in order to use 
proof collected in a foreign state through an 
international legal cooperation in criminal 
matters in our state, and vice versa, having in 
mind trans-national component of IT crime. 
 
 Keywords - actions of corroboration, IT 
crime, electronic proof. 
 

1. Introduction 

In this paper we will deal with the issue of 
corroboration actions for criminal acts against 
security of computer data, what legal solutions are 
accepted in our positive legislation, and we will try to 
point out to the needs of amending and adding to 
them. We will make a restrospective of international 
standards in the field and necessity of updating 
legislation of the Republic of Serbia with 
international conventions. 

      Before we start discussing the issue, it is 
neccesary to make a short retrospective of what has 
been adopted in he criminal legislation of the 
Republic of Serbia with the goal of fighting against 
IT crimes. 
        With regard to criminal material law, we can 
say that a major breakthrough has been made with 
the introduction of special group of criminal acts 
against security of computer data into the Criminal 
Law („Official newsletter of RS“ no.85/05, 88/05, 
107/05, 72/09).The following criminal acts have been 
identified:Damaging computer data and 
programs(art.298), Computer sabotage(art.299), 

Production and launch of computer viruses (art.300), 
Computer fraud (art.301), Unauthorized access to a 
protected computer, computer network and electronic 
data processing (art.302), Preventing and limitng 
access to a public computer network(art.303), 
Unauthorized use of computers or computer 
networks (art.304) andProduction, procurement and 
giving to other people funds to commit criminal acts 
against security of computer data (304a). 
       A major breakthrough has been made in 
organizational law as well. With the Law on 
organization and jurisdiction of state authorities for 
the fight against high-tech criminal („Official 
newsletter of RS“  no.61/05 i 104/09) „one defines 
establishment, organization, jurisdiction and 
authorization of special organizational units of 
authorities for discovering, prosecution and legal 
action for criminal acts defined by this law“ 
        However, in the field of criminal process law, 
very little has been done, especially with 
corroboration actions.We think this link is extremely 
important in suppressing this kind of crime, having in 
mind the complexity of issue before us, so it is 
necessary to introduce certain amendments and 
additions to the Law on criminal procedure  
(„Official newsletter ofSRJ“ no.70/01;68/02; 
„Official newsletter of RS“ no.58/04, 85/05, 115/05, 
49/07, 20/09, 72/09). 

2. Specificness of electronic proof 

      A special importance for proving criminal acts in 
computer crimes and other crimes commited through 
computers goes to electronic evidence. 

      Electronic evidenceis information or data of 
relevance for investigation, stored or transferred 
through a computer. The mentioned evidence has the 
same value as all other material evidence and the 
rules regarding it are the same as for all other 
evidence. However, one cannot lose from sight the 
specificity of electronic data which comes from their 
nature, their sensitivity to change, erasure od 
destruction.Also, electronic evidence can be stored 
on an individual computer, computer network or a 
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remote server outside territorial jurisdiction of 
collecting authorities,they can be visible or invisible, 
which, beside their susceptibility to change or 
destruction either willingly or unintentionally, 
imposes specificity in their collecting.This very 
specificity of electronic evidence which comes from 
its nature can have a great impact on determining 
facts, which are vital in pre-legal procedure, police 
work and the prosecutor’s work and in the 
investigation phase, conducted by a judge. [1]. 
        Generally, in digital forensics of computer 
system, potential sources of digital evidence can be 
found in hardware and program components of a 
system: 

• HD, magnetic tape, external/removable 
storage devices 

• log files of network infrastructure 
(firewall, IDS/IPS, proxy server) 

• applications and log files of security-
relevant events (audit clues) 

• e-mail, 
• contents of other servers (Windows files, 

web servers, databases etc) 
• recorded network traffic[2]. 

 
 

3. Corroboration actions in current criminal–
process legislation of the Republic of Serbia 

 
     In accordance with the acting Law on Criminal 
Procedure, the following actions of corroboration are 
proscribed : Searching an apartment and a 
person(art.77-81), Temporary requisition of an object 
(art.82-86), processing suspicious items(art.87-88), 
Questioning a defendant (art.89-95), Questioning a 
witness (art.96-109), Inspection(art.110-112), Fact-
finding (art.113-132) i Photography or sound and 
video recordings(art.132a). 
     Of all the above mentioned corroboration actions, 
only the article 89 §2 of the Law on Criminal 
\procedure (Temporary requisition of an object) 
proscribes special authorization and mechanisms of 
governmental agencies to collect evidence for felony 
in computer crimes. Thus, it is proscribed to enlist 
devices for automatic data processing and equipment 
for storing electronic data as objects “which in 
accord with the Criminal Law are to be seized or 
which can serve as evidence in a criminal procedure. 
A person using these devices and equipment is 
obliged to enable access to them to an authorized 
agency, upon an order from the court, and to provide 
information as to their use. Before requisition of 
these items, an agency implementing the procedure 
will inspect them in presence of an expert and 
maintain a log of them. If the user is present, he or 
she can enter a note.” 

       Other actions of corroboration are related to all 
criminal acts, regardless of the group they belong to. 
Within them, there are no specific authorizations of 
governmental agencies relating specifically to IT 
crimes, a huge handicap in our opinion, bearing in 
mind specificity of electronic evidence. 

 

4. Special investigation techniques in the 
current criminal-process legislation of the 
Republic of Serbia 

       In chapter XXIXa of the Law on Criminal 
Procedure, special codes have been proscribed on 
procedure for organized crime, corruption and hard 
crimes. There are codes related to measures of 
agencies in discovering and proving these criminal 
acts, among which are : 1) Surveillance and 
recording phone and other communications 
(art.504e-504z), 2) Providing simulated business 
services and providing simulated legal jobs(art.504i-
504k), 3) Controlled delivery (504l), 4) Automatic 
computer search of personal and related data 
(art.504lj); as well as codes relating to special 
measures of prosecuting agencies for discovering and 
proving criminal acts from art.504a §.3of this law:  
1) Under-cover investigator and 2) Protected witness. 
      However, these special investigation techniques 
and measures have remained beyond reach of special 
governmental agencies for the fight against high-tech 
crime, for they are applicable only for criminal acts 
stated in art.504a of the Law on Criminal Procedure, 
where the criminal acts against security of computer 
data are not stated. 
        These legal solutions are in our opinion 
unacceptable and need urgent change. However, to 
make paradox even worse, new Law on Criminal 
Procedure (“Official Newsletter of RS” 72/11, 
101/11), in art.162 §.3.proscribes that only one 
special corroboration action–Secret communication 
surveillance from art.166 can be used for some 
criminal acts from the field of high-tech crime and 
that is for : “Unauthorized use of copyright or items 
of related law (art.199 of CL), Damaging computer 
data and programs    (art.298.§.3.ofCL),Computer 
sabotage(art.299.ofCL),Computer 
fraud(art.301.§.3.of CL) and Unauthorized access to 
a protected computer, computer network and 
electronic database(art.302.of CL)”.  
       What is new is that with search actions, by the 
art.152 §3 of the new LCP, it is proscribed that 
“search of devices for automatic processing of data 
and equipment where electronic data are stored or 
can be stored is conducted with an order from the 
court and with the expert help”, whereas the current 
LCP does not deal with this issue. 
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5. Necessity of conforming legal solutions of the 
Republic of Serbia with international legal 
framework 

       International coordination and cooperation are as 
significant as legal frameworks. Laws on high-
technology crimes by themselves can gain little 
without help from internal governmental structures 
and trained personnel necessary for effectvie solving 
of jurisdiction issues, international help requests, 
search and requisition of evidence. Computer crime 
represents one of the most complex and urgent cases 
in international cooperation [3]. 
       It is clear that a coordinated and constant 
approach to foreign assistance is necessary with 
investigations and criminal prosecution so that the 
clues of electronic crime could be traced across time 
zones and areas of legal jurisdiction, with different 
legal systems and levels of technical preparedness. 
[3]. 
       The most significant international legal act 
relating to the fight against computer crime is the 
Convention on Cyber Crime, passed by European 
Council in Budapest on November 23, 2001.  In part 
2 of the convention – Procedural Law, the member 
states are ordered to “pass such legislative and other 
necessary measures to establish those authorizations 
and procedures which are proscribed in this section, 
with the aim of implementing certain criminal 
investigations and procedures”  Those are: 1) 
Expositive conservation and protection of stored 
computer data, 2) Expositive conservation and 
protection and partial disclosure of transfer data, 3) 
Issuing order, 4) Search and requisition of computer 
data, 5) Collecting computer data in real time, 6) 
Intercepting data in electronic communications. 
       Beside the above mentioned convention, there 
are numerous international acts dealing with this 
issue. One of them is the Recommendation of the 
Council of Europe R (95) 13, dealing with the issue 
of procedural law regarding IT. 
        It is especially important that in the attachment 
of this Recommendation there are the rules on search 
and temporary requisition related to information 
systems, intercepting information sent through the 
systems, extended investigation, technical 
surveillance and cooperation of people who have the 
computer devices with investigating agencies, with 
the obligation of removing or decrease the impact of 
passwords. [4]. 
        Electronic evidence is required to be provided in 
the manner that it can be used as evidence in national 
and international proportions. Therefore the manner 
of providing evidence must be in accord in 
international proportions, and that means starting 
with international rules and recommendations [4]. 

        We can find examples of good legal solutions 
originating from adjustment of positive national rules 
with international legal standards in the neighboring 
countries.While reviewing the Croatian Law on 
Criminal Procedure, („National News”, no. 152/08, 
76/09 i 80/11), we come to conclusion that the 
legislator of the country paid special attention to this 
growing issue and set a good framework for national 
agencies to get special authorizations and 
mechanisms to subjugate computer crime in proper 
manner. 
        Thus, within action of collecting evidence – 
search, there is a special enactment (art.257) which 
regulates search of computers and other devices, as 
well as obligations of their users and 
telecommunications providers regarding access and 
providing necessary information during the searches. 
Also, within collecting evidence  - temporary 
requisition of an item, there is an enactment (art.263) 
relating to „data stored in computers and related 
devices, devices that serve for collecting and 
transmitting data, data carriers and subscriber 
information which the provider possesses”. It is 
proscribed that „when collecting, recording, 
protecting, and storing data, one shall especially take 
care of regulations relating to secrecy of certain 
data”. Unlike Law on Criminal Procedure of Serbia, 
the art.332of the Law on Criminal Procedure of 
Croatia, numerous evidence actions are proscribed 
which can be enacted for felonies in article 334, 
including acts in computer crime and some other acts 
perpetrated through use of computers or networks.As 
a special action, interception, collecting and 
recording of computer data is proscribed. In the end, 
one should mention that art.331 proscribes electronic 
(digital) evidence as evidence action. 
        Similar legal solutions related to corroboration 
actions – search and temporary requisition of items, 
as well as attitude to application of special 
investigation techniques, are accepted in Law on 
Criminal Procedure of Bosnia and Hercegovina 
(Official newsletter no. 35/03, 37/03, 56/03, 78/04, 
28/05, 55/06, 27/07, 53/07 i 9/09), aswell as in Law 
on Criminal Procedure of Montenegro (Official 
Newsletter no.57/09).We have to admit that 
enactments of Croatian Law on Criminal Procedure 
are more precise, which makes it easier for them to 
be interpreted and applied, having in mind specificity 
of evidence material. 
       We will here look at art.83 § 1 and 2 of the Law 
on International Legal Assistance in criminal matters 
of the Republic of Serbia („Official Newsletter” of 
RS, no.20/09), which enlists into other forms of 
international legal assistance „application of 
measures such as surveillance, and recording of 
phone and other ways of communicating, optical 
recording of people, controlled delivery, providing 
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simulated business services, providing simulated 
legal jobs, hiring a special under-cover investigator, 
computer search and data processing”.However, 
according to enactments of the current Law on 
Criminal Procedure of the Republic of Serbia, it is 
not possible to apply these measures for criminal acts 
against security of computer data, so for the sake of 
better cooperation on internatonal level and 
conformity with international standards, we propose 
amendments to the Law on Criminal Procedure 
which will enable special investigation techniques for 
criminal acts in the field of computer crimes. 

 

6. Relationship between privacy right and 
corroboration actions 

      The privacy right, being a fundamental human 
right, is widely recognized in various documents on 
human rights. In art.12 of Universal Declaration on 
Human Rights it is stated: “No one shall be subjected 
to arbitrary interference with his privacy, family, 
home or correspondence, nor to attacks upon his 
honour and reputation. Everyone has the right to the 
protection of the law against such interference or 
attacks”. Likewise, art 8. Of the European 
Convention of Human rights proscribes: „Everyone 
has the right to respect for his private and family life, 
his home and his correspondence”[3].Only under 
strict supervision of state authorities can one order 
search and requisition for gathering evidence 
material. 
       Constitution of the Republic of Serbia („Official 
Newsletter“of RS, no.98/2006)by article 40, foresees 
inviolibality of home, where: „No one may without 
the written decision of the courtenter a person’s 
home or other premises against the will of their 
tenant nor conduct a search in them“, unless„it is 
necessary for direct imprisonment of a perpetrator or 
removing direct and serious danger for people or 
property, in the way stipulated by law“. By article 41 
of the Constitution of RS, inviolability of letter 
secrecy and of other means of communication is 
guaranteed, and „ aberrance is allowed for only 
certain periods and on the basis of court decision, if 
necessary for managing a criminal procedure or 
protection of security of the Republic of Serbia, in 
the way stipulated by the law“.  
       While studying enactments of the current Law 
on Criminal Procedure, we cannot find their 
grounding in the Constitution. That is, enactments 
proscribed in article 77-81 of the LCP do not treat 
searching device for electronic data processing or 
computer equipment, and article 85 of the LCP, 
which proscribes temporary requisition of letters, 

telegrams and other items, never mentions electronic 
mail nor it can be concluded from them.  However, 
we witness a great number of cases where, when 
searching is done by authorities, then computers and 
other equipment are requisitioned and processed, it is 
done against the law. Thus, we have a double 
violation of human rights, first by computer 
criminals, then by governmental agencies 
investigating the crimes. 
 
7. Conclusion 

 
       International cooperation is a key factor in 
fighting against these criminal offences, and without 
conforming domestic regulations with international 
standards regarding application of corroboration 
actions and special investigation techniques, such 
cooperation is impossible. It is therefore necessary to 
confirm domestic law with international framework 
as soon as possible, so that computer criminals would 
not use our country as a place where they can 
perpetrate these offences without being punished 
accordingly. 
       The development of computer technology has 
hugely enhanced ability for tracking and surveillance 
of individuals and their behaviour. Therefore the 
issue of legal protection of citizen data is being 
stressed, especially in functioning of administrative 
agencies. It is necessary to find true measure between 
freedom protection and civil rights on one hand and 
the need of the community to ensure public interest is 
safe, on the other one [5]. 
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