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Abstract. In this paper a new software engineering laboratory introduced in the 
Institute of Computer Science Warsaw University of Technology in the fall 
2004 is presented. Advanced Software Engineering 2 (SE-2) laboratory consists 
of seven exercises. Theses exercises are dedicated to requirements engineering, 
system design with UML [11], reuse, precise modelling with OCL - Object 
Constraint Language [12], code coverage testing, memory leaks detection and 
improving application efficiency. Six out of ten SWEBOK [4] knowledge areas 
are practiced. For each laboratory exercise a set of training materials and in-
structions were developed. These materials are stored on a department server 
and are available for all students and lecturers of advanced Software Engineer-
ing 2 (SE-2) course. Rational Suite tools are used in laboratory. 

1   Introduction 

In the spring semester of 2004, a new advanced software engineering course, named 
Software Engineering 2 (SE-2), was introduced for students on the sixth semester of 
two specializations i.e. Engineering of Information Systems in the Institute of Com-
puter Science, and Information and Decision Systems in the Institute of Control and  
Computation Engineering at the Department of Electronics and Information Technol-
ogy, Warsaw University of Technology. This course contains 30 hours of lectures 
and 15 hours of laboratory exercises. SE-2 is a continuation of Software Engineering 
(SE) course given to the same students on the fifth semester. During Software Engi-
neering course semester, students learn the basic ideas of software engineering and 
object modelling in UML (Unified Modelling Language [11]). They also spend 15 
hours in laboratory preparing a project of a simple system in Rational Rose. Software 
Engineering 2 should widen student’s knowledge of software engineering.  

Much has been already done in the area of teaching software engineering. Every 
year there are dedicated international conferences on this subject eg. Conference on 
Software Engineering Education and Training or in conferences on software engi-
neering there are special sessions eg. in Polish Software Engineering Conference [7], 
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Automated Software Engineering, Software Engineering and Applications. In pro-
ceeding from these conferences many interesting ideas, curricula’s [5, 10], experi-
ences can be found. The difficulty of teaching software engineering is that it is a 
multi-faceted discipline. A software engineer must combine formal knowledge, good 
judgment and taste, experience, and ability to interact with, and understand the needs 
of clients, work in a team.  

Preparing the subjects for Software Engineering 2 course the directions from 
Software Engineering Body of Knowledge [4] were considered. It was not possible to 
use all the directions from SWEBOK and present all remaining aspects of software 
engineering. The chosen subjects are the following: 

• requirements engineering, 
• design with reuse, 
• precise modelling, 
• testing, 
• quality improvement, 
• software effectiveness, 
• software processes. 

In SE-2 course are 15 hours of laboratory in blocks of two hours. Seven labora-
tory subjects, correlated with lectures, were chosen. For each laboratory session de-
tailed instructions were written. These instructions make the laboratory sessions su-
pervised by different lecturers similar and students can work in laboratory very effec-
tively.  

A software engineer must now be able to pick up a new tool and an associated 
process quickly, regardless of his or her vested experience in a previous tool. It im-
plies that the student must gain the skills to be able to switch among tools. The goal 
of laboratory was also to present professional CASE tools supporting different phases 
of software process. Rational Suite is available at the Institute of Computer Science 
and  the Institute of Control  &  Computation Engineering. During SE-2 laboratories 
following tools are used: Rose, Requisite Pro, PureCoverage, Quantify and Purify. 
These tools are complicated and it is difficult to use them without training. Rational 
tutorials for these tools available in English, are rather long and can not be used dur-
ing laboratory exercises. A set of tutorials for these tools in Polish, native language 
for students, were prepared. Tutorials and laboratory instructions are stored on the 
department server and are available to students, lecturers and instructors of SE-2 
course. Each student can study the instructions and tutoring materials at home, so the 
instructor’s directions can not surprise her/him.  

The SE-2 laboratory was introduced in fall 2004 for seven laboratory groups at  
the Institute of Computer Science. About fifty students of specialization Engineering 
of Information Systems were the first users of these materials and instructions. Cur-
rently the next group of students (56) just finished SE-2 laboratory based on these 
instructions. 

In section 2 some information about SWEBOK is given. In next sections the SE-2 
laboratory instructions are briefly presented. The results of laboratory are discussed in 
section 5. The SE-2 laboratory tutoring materials were prepared by I.Bluemke, 
A.Derezińska, M.Nowacki, P.Radziszewski  in the fall 2004.  



2   SWEBOK 

The Guide to the Software Engineering Body of Knowledge (SWEBOK) [4] has been 
developed as a guide to generally accepted software engineering knowledge. The 
2001 Trial version 1.0 of the Guide has been world-widely discussed and reviewed. 
The 2004 edition of SWEBOK Guide has been published on the project's web site [4] 
in the fall of 2004 and will be available in print in 2005. ISO/IEC JTC1/SC7, the 
international standards organization for software and systems engineering, is adopting 
the SWEBOK Guide as ISO/IEC Technical Report 19759. The 2004 Guide will con-
tinue the refinement process to meet the needs of the software engineering commu-
nity. The next product, reviewed and approved by the Computer Society, is expected 
to appear in 2008.  

In the current version of SWEBOK the software engineering knowledge is di-
vided into ten Knowledge Areas (KAs):  

1. software requirements,  
2. software design,  
3. software construction,  
4. software testing,  
5. software maintenance,  
6. software configuration management,  
7. software engineering management, 
8. software engineering process, 
9. software engineering tools and methods, and 
10. software’s quality.  

Each KA consists of hierarchical breakdown of topics, reference topics, related refer-
ence materials and a matrix linking the topics to the reference materials. 
SWEBOK intended to cover the material consistent with the design point of bache-
lor's degree plus four years of experience (for USA education system). The guide 
does not define curricula, but it can assist in their development and improvement [3] 
as each knowledge area is decomposed into topics and associated with ratings from 
Bloom’s taxonomy [1]. Bloom’s taxonomy recognizes six cognitive educational 
goals: knowledge (K), comprehension (C), application (AP), analysis (AN), evaluation 
(E), and synthesis (S). SWEBOK includes mappings between general topics within KAs 
and these categories. Practical application of the taxonomy requires the adaptation for the 
desired profile of a student. For example, the mapping of topics for three software engi-
neer profiles: a new graduate, a graduate with four years of experience, and an ex-
perienced member of a software engineering process group were discussed in [2] for 
four KAs: software maintenance, software engineering management, software engi-
neering process, and software quality. 

Teaching goals in software engineering refer to different abilities [10]: any stu-
dent should know basic principles in all facets of SE, know existing body of knowl-
edge, apply current techniques methods and tools (as examples), and finally under-
stand effects (pro’s & con’s) of competing t/m/t’s for different contexts. Achieving 
these goals requires different forms of student activities. 

There is still a gap between the material recommended by SWEBOK and even 
taught during lectures, and the topics practiced during exercises in laboratories. The 



SE-2 laboratory relates to the following topics (and sub-topics) of the six KAs of 
SWEBOK. 

• (1) Software requirements: fundamentals (functional and non-functional re-
quirements), requirements process, requirements elicitation, analysis, speci-
fication, validation (reviews), practical consideration (requirements attrib-
utes, requirements tracing). 

• (2) Software design: software structure and architecture (design patterns), 
software design quality analysis and evaluation, software design notations, 
software design strategies and methods 

• (3) Software construction: practical considerations (construction languages, 
coding construction quality). 

• (4) Software testing: objectives of testing (functional testing), test techniques 
(code-based techniques, selecting and combining techniques, test-related 
measures - coverage/thoroughness measures), test process (test documenta-
tion, test activities). 

• (9) Software engineering tools and methods: software requirements tools, 
design tools, construction tools, testing tools (test execution frameworks, 
performance analysis tools), software engineering process tools, heuristic 
methods (object-oriented methods), formal methods (specification languages 
and notations) 

• (10) Software quality: software quality management process (verification 
and validation, technical reviews). 

In Table 1 the comparison of taxonomy levels recommended in SWEBOK and an-
ticipated in SE-2 are presented. As an example the topics from KA (1) - software 
requirements are shown. Due to time limits some levels are planned to be lower then 
those in SWEBOK. Selected topics can be further exercised during non-obligatory 
courses, which can be chosen by the students. For other KS subjects, especially test-
ing and software engineering tools and methods, the levels anticipated in SE-2 are the 
same as in SWEBOK. 

Table 1. Taxonomy levels for KA software requirements 

Selected topics 
Taxonomy level (Bloom) 
SWEBOK              SE-2 

1. Software requirements fundamentals   
      Definition of software requirement C C 
      Functional and non-functional requirements C AP 
2. Requirements process   
      Process actors C C 
3. Requirements elicitation   
      Requirements sources AP C 
      Elicitation techniques AP C 
4. Requirements analysis   
     Requirements classification AP AP 
     Architectural design and requirements allocation AN AP 
5. Requirements specification   
      System definition document  C C 



      Software requirements specification AP C 
6. Requirements validation   
      Requirements reviews AP AP 
7. Practical consideration   
      Requirements attributes C AP 
      Requirements tracing AP C 

3   Structure of Internet Materials for SE-2 

The SE-2 laboratory materials are written in html and stored on a department server. 
Only students and lectures of SE-2 course have access to the material. The structure 
of SE-2 laboratory materials (fig.1) is following:  

• Introduction containing SE-2 laboratory goals, 
• Tutoring materials, 
• Laboratory directions, 
• Vocabulary, 
• Bibliography. 

At every screen links to the “parent” section and the main index, to next and previous 
sections (fig.2) are available. In each laboratory instruction there are links to the ap-
propriate tutoring material and positions in vocabulary.  

Main index

Laboratory 
directions 

Tutoring 
materials

Vocabulary 

Introduction

Requirements Requisite Pro 

 
Fig. 1. Structure of SE-2 Internet materials 
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Fig. 2. Screen from SE-2 Internet materials 

4   Laboratory Subjects 

The main goal of Software Engineering 2 laboratory was to refine student’s knowl-
edge and experience. As ten SWEBOK knowledge areas, presented in section 2, can 
not be included into only fifteen laboratory hours, some of them have to be skipped. 
Seven laboratory exercises were developed.  The subjects of these exercises are fol-
lowing:  

1. Requirements engineering 
2. Software design 
3. Reuse 
4. Precise modelling with OCL 
5. Code coverage testing 
6. Quality improvement 
7. Improving effectiveness. 

Subjects of exercises one, and three to seven, are completely new to students. In all 
laboratory exercises tools from Rational Suite: Requisite Pro, Rose, PureCoverage, 
SoDA, Purify, Quantify are used. Students on the sixth semester are familiar only 
with Rose and Soda, because these tools were used on software engineering labora-
tory in the former semester. Rational Suite provides tutorials (in English) for most 
tools. Each of these tutorials needs at most two hours, so they are too long to be used 



during laboratories. During SE-2 lectures there is no time to present and discuss 
CASE tools in details. Problems with a tool usage could disturb the student in the 
development of laboratory subject. To avoid this problem short tutorials in Polish 
(native language for students), were prepared. All these tutorials are stored on the 
department server and are available to SE-2 students all semester. However OCL and 
design with reuse is presented on SE-2 lectures, some tutoring materials to these 
subjects are also available.  

The ability to work in a team is very important for a software engineer and should 
be trained as well. Interesting proposal how to teach team work can be found for 
example in [6]. However developing the SE-2 laboratory we were aware of the sig-
nificance of the teamwork, we decided to incorporate such training in this laboratory 
only in a very limited extent due to the time constraints (only 15 hours of laboratory). 
In SE-2 laboratory an instructor - lecturer has a group of seven to eight students. A 
group of students is preparing requirements for a common subject, divided into indi-
vidual subtasks. The members of the group cooperate with each other coordinating 
the relations between the subtasks. To signal some teamwork problems, the specifica-
tion of requirements made on the first laboratory, is reviewed by another student. 
Further, on  the second and the third laboratory, the reviewer is designing the system, 
using the reviewed by her/him specification. The instructors were surprised to notice, 
that students were able to detect in theirs reviews errors, similar to errors they made 
themselves in theirs own requirements specification.  

Usually five instructors are having SE-2 laboratory groups. If there are many 
laboratory instructors, students often complain, that the instructor’s requirements 
towards students, are not the same. To solve this problem detailed directions for each 
laboratory exercise are given and stored on the department server too. Each of labora-
tory instruction consists of four parts: 

− Aim of exercise, 
− Preconditions, 
− Detailed directions, 
− Exercise results.  

In each laboratory instruction there are links to tutoring materials, bibliography and 
description of difficult ideas in the vocabulary part. In section 4.1 translation of a part 
of the instruction to exercise five – testing with code coverage is given.  

4.1   Directions to the Exercise with Code Coverage Testing  

Below an extract from a translation of the fifth SE-2 exercise instruction concerning 
code coverage testing is presented. Italic font is used to denote Pure Coverage but-
tons, options and underline shows links to other parts of SE-2 internet materials, dots 
(...) indicate the omitted parts of the instruction: 
 
The goal of exercise is the quality assessment of test cases. The set of test cases is 
chosen according to a criterion of structural testing (white box) - coverage of the 
program code [8], [10]. The program will be analyzed with Pure Coverage tool. 



Preconditions 
A program in C/C++ is necessary (a program from other courses ex. Algorithms and 
Data Structures, Compiling Techniques can be taken). The program should have a 
non-trivial control structure (with many branches). (...) An initial set of functional 
tests (black box) comprising test cases (program input parameters, input files, output 
files, sequences read from the keyboard, etc.) should be prepared. 

Tasks 
1. Run PureCoverage and set its parameters. (...)  
2. Run first test case from the initial set. 

• Select Files->Run and give the location of the executable task in Run 
Program dialog. 

• Define paths for the instrumented code. (...) 
• In Run dialog define a location of the working directory for result files 

and command-line arguments, if required. (...) 
• After the execution of Run command, a modified executable task (the 

so-called instrumented) will be created in Cache directory. Then this 
task will be executed. 

3. Analyze results of program run 
• Compare the number of calls, number of functions missed and hits, lines 

missed and hit, and the percentage of coverage for particular modules, 
files and functions (windows Coverage Browser and Function List). To-
tal results for a run are showed in window Run Summary.  

• In widow Annotated Source check, which lines of code where covered 
during the run (denoted with different colors). (…) 

4. Run the program for consecutive tests from the initial set of functional tests. 
The program can be executed with different arguments, using File->Run and 
giving new arguments in Command-line arguments box. (…) 

5. Compare results for many program runs and the merged results for the set of 
tests. The results for all executed tests are summarized in AutoMerge de-
scription. Results of the previously executed runs or for the sum of runs (all 
runs - AutoMerge or a selected subset - Merge) can be displayed after dou-
ble-click to a given line in the browser. 

6. Design new test cases to increase the merged coverage, if possible.  
7. Select an "optimal" set of tests - it is a minimal set of tests, for which the 

merged coverage is the maximal.  

Results 
Final results of the laboratory comprise the tested program (source code and the ex-
ecutable task), set of test cases and remarks. In remarks include: 

• Brief description of the program - functionality, author and origin (e.g. URL 
address), users guide. 

• Specification of test cases. For each test case define identifier, functional re-
quirements checked by this test, input data (input values, sequence of 
pressed buttons, input files, etc.), expected results. 



• Results of function coverage and source code coverage, collected for each 
test case. 

• Merged coverage results for initial set of tests and the set of all tests (see. p. 
5)  

• Description of the following three sets of tests: initial, additional tests de-
signed to maximize the coverage (if exists) and “optimal” (see p.7). 

• Comments about the results and in particular about the parts of the code, 
which were not covered.  

5   Results of Exercises 

In section 5.1 some results of three laboratory subjects: coverage testing, quality 
improvement, and improving effectiveness (exercises 5, 6, 7 mentioned in section 4), 
are discussed. Further, the evaluation of the students results in SE-2 laboratory is 
given. 

5.1   Results of exercises 5, 6 and 7  

After laboratory exercise students were obliged to send final remarks by email. The 
contents and structure of these remarks is determined in laboratory instruction (ex-
ample in section 4.1). For this instruction many interesting, and surprising to students, 
results were obtained. Several students were testing, during the fifth exercise, pro-
grams written as a project on Compiling Techniques course, because the same stu-
dents are attending this course as well. Some students were testing a program check-
ing, if a string of characters is generated by the given regular expression. They started 
with initial set of tests covering the program code in about 85%. Then, they were 
adding new tests to cover lines not executed so far. For eleven test cases the total 
code coverage was 99,13% (two lines not covered). From this set they selected two 
test cases enabling almost the same code coverage. They were surprised with such 
results.  

The most of uncovered code related to the exception handling, not used methods 
(e.g. overloaded constructors, get or set functions), parts of code used in previous 
versions of the program. Creating tests triggering some exception routines was diffi-
cult. A lesson learned by the students from the analysis of the uncovered code was, 
that the diagnostic code (exceptions, evaluation of assertions and other fault-tolerant 
mechanisms) should be validated via code inspection, if special testing is not eco-
nomically justified. Another observation was, that the program code refactoring is 
necessary after the essential modification. Removing not needed parts of code de-
creases further costs of testing and maintenance. 

In next exercise students were using Purify to find memory leaks in programs. 
Again they were astonished detecting memory errors in programs they thought are 
fault free. The errors were caused mostly by non-careful memory management, for 
example exceeding array bounds during a read/write operation, freeing an invalid 
memory in delete operation, reading from a freed memory. Many errors could have 



been easily located in appropriate destructors. The remaining errors could be found 
using the references to the source code provided by the Purify tool. After this exercise 
the students planed to avoid such errors and use program analyzers more often, or to 
implement programs using less error-prone languages like Java or C#. 

During the last exercise they were observing efficiency of a program in Quantify 
and improving it by removing its bottlenecks. Some students observed that a thread 
spends the most of the execution time in printf function (e.g. 95%). After a simple 
reorganization of the program (removing of printf from the inner function) the 
entire execution time of the thread function and its descendents was shorter (27 times 
shorter for the one-threaded program version and 22 times shorter for the multi-
threaded one). This experience convinced students about the high cost of input-output 
operations and benefits of the careful design. If data should be transferred more often 
some additional buffering mechanisms (cache) can be considered. 

After successful optimization a new bottleneck becomes often a system function 
(e.g. ExitThread - the function closing a thread). This showed that a simple opti-
mization is no more applicable, unless the reengineering of the general program 
structure is performed. The basic optimization process for the multi-threaded pro-
grams was typically finished, when the new bottlenecks referred to synchronization 
functions, like WaitForSingleObjectEx, ReleaseMutex (fig. 3). 

 

 

Fig.3.  Efficiency analysis - call graph of functions with the critical path. 

The implementations of the same tasks in one and multi-threaded versions were com-
pared. Students typically observed longer execution time (about few percent) for the 
multi-threaded solutions. This result was obtained due to overhead required for the 
thread management and because all threads of the programs were run on the same 



computer. The observation of states of the threads helped in recognizing errors in 
cooperation between threads, although no erroneously outputs were detected during 
the runs of functional tests. In other cases, when the algorithm could be efficiently 
distributed, the execution time of the multi-threaded version was shorter (even to 
40%). 

5.2   Evaluation of exercises  

Evaluation of all exercises was based on: 
1. An activity of a student (including the way of the approaching to the solu-

tions) and presented partial results during exercises in laboratory.  
2. Realized tasks (specifications, models, programs) and final remarks received 

via email. 
3. Critical discussion about received results. 
4. A review of results by a colleague (only for first exercise).  

The received results contributed to the score of an exercise. 
Comparing the scores of different subjects it was stated that the highest notes 

were obtained for exercises 5,6,7 (see section 4). The subjects of these exercises re-
quired many manipulations with the new tools (what could be done easily using in-
structions and tutorials) but less creative work than subjects of exercises 1-4. More-
over the students were more capable and willing to cope with any problems related 
directly to the running programs, than to the problems concerning requirements and 
models. The analyzed programs were not very complicated, because the main goal 
was learning the new methodology. It was observed, that the preconditions specifying 
the program complexity, should be more precise in laboratory instructions.  

Apart from mentioned in section 2 mapping to the Bloom taxonomy SWEBOK 
points out to different skills desired in several topics of the KAs. For example, in 
software requirements engineering, good communications and negotiations skills are 
helpful. Decision and matching abilities could be useful while developing program 
model with reuse. Objective evaluation of students’ skills is very difficult and effort-
consuming. It was possible because a tutor has a relative small number of students 
(seven to eight). The anticipated skills were developed in cases, when the starting 
level of knowledge was satisfactory. The general problem was the requirement of 
knowledge, which was taught on other courses. For example, OCL constraints could 
not be applied without a proper construction of UML models presented on the former 
semester. 

6   Conclusion 

The SE-2 laboratory comprises phases of software process like requirements engi-
neering, system design with reuse and design patterns, precise modelling with OCL, 
code coverage testing, and improving the quality and effectiveness of an application. 
To our best knowledge most of these subjects are not widely used in curricula of 
obligatory software engineering courses. The SE-2 laboratory relates to six (from ten) 



subjects of the knowledge areas of SWEBOK. The taxonomy levels recommended in 
SWEBOK and anticipated in SE-2 for three exercises are the same. Due to the time 
limits the levels for remaining SE-2 exercises are planned to be lower, then those in 
SWEBOK. Despite the best efforts of computer science educators, students often do 
not acquire the desired skills that they need in the future work.  

Students believe that once a program runs on sample data, it is correct; most pro-
gramming errors are reported by the compiler; and debugging is the best approach 
when a program misbehaves. We have shown, that in a short time, they can gather 
experiences broadening their understanding of engineering a program. 

Out intents were to use industrially proven tools in SE-2 laboratory. By providing 
the tutoring materials student could take advantage of the information they provide 
without being exposed to the hassles of learning to use the tools.  

The SE-2 laboratory was introduced in fall 2004. The experiences are still too 
limited to be able to draw general conclusions. So far it was observed that students 
were able to do much more than in the previous semesters without Internet instruc-
tions. The demands of different instructors, placed to students, were similar. Instruc-
tors devoted more attention to the design assessment and refinement.  
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