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Abstract. This document describes where and how the joint course on software engineering [1]
uses case studies in the course and in assignments. Therefore, this document also serves as an
instruction on how to build new case studies (which activities should be performed and which
documents produced) in order to successfully replace the existing case studies.

1 Introduction

The Joint Course on Software Engineering (JCSE) [1] currently uses the following case studies
throughout the course and in some assignments:

- the main one, used in 13 topics of the course,
- the supporting one, used in 4 topics of the course,
- additional ones, used in individual topics and in assignments.

There are always on-going efforts to include these case studies in even more topics and also to
use additional case studies in some topics.

Currently,
- the main case study is ‘Seminar Organization’, taken from [2]
- the supporting one is ‘XCTL’
- additional ones are local (i.e. are not used in more than one topic or assignment, but still
pretty important) and will not be separately discussed in this text.



Topics Main |Supporting |Additional
(the (the number of | (the name of the example)
number of | slides
slides
1. What is software engineering
2. Quality criteria for software products
3. Software process models
4. Basic concepts for software development documents
5. Results of the “analysis and definition” phase 24 1
6. Cost estimation 20
7. Function-oriented view 12 2
8. Data-oriented view 5
9. Rule-oriented view 8 Policy in paying off
checks (8 slides)
10. Structured analysis 19
11. State-oriented view 5 Setting of the digital
watch (7 slides)
12. Scenario-oriented view 4
13. Object-oriented analysis 13
14. Formal software specification and program verification 3 The tank (reservoir) (9
slides)
15. Overview of design activities
16. Structured design 5
17. Object-oriented design 1
18. Implementation
19. Systematic testing
20. Functional testing - Building blocks (6
slides)
- Coverage test (23
slides)
21. Software metrics 18
22. Maintenance
23. Reverse engineering 12
24. Quality of software development process and its standardization
25. Introduction to software ergonomics 2?
26. User manuals 2?
27. Project management
28. Configuration and version management
Assignment 1 — review of requirements specification document v
Assignment 2 — cost estimation v
Assignment 3 — review of the product model according to structured v
analysis
Assignment 4 — derive a use case and class diagram for a new software An independent problem
specification (req. spec.)
Assignment 5 — derive a formal specification for a new software The queue
subsystem
Assignment 6 — apply regression testing tool to a new small example An independent program
program (program source)
Assignment 7 — build a classification tree for one use case Vv

Assignment 8 — apply some software metric tools to a new software

An independent program
(program source)




2 The main case-study — Seminar Organization
2.1 Topic 5: Results of the “Analysis and Definition” phase
The main case study is for the first time mentioned and used in Topic 5: Results of the “Analysis

and Definition” phase. It is used to show and describe the requirements documents for a software
product.

To do:
Develop a preliminary requirements specification and requirements specification for a software
product that should be:
- of similar size as the current one (based on the number of use cases, for example),
- business-oriented (with data), such that function point method can be applied for cost-
estimation,
- of such complexity:
- that use cases can be used to illustrate include, extend, and generalize relations,
- that entity-relationship diagrams illustrating important notations can be created,
- that decision tables illustrating important notations can be created,
- that data-flow diagrams can be refined reasonably deeply,
- that class diagram can illustrate all important aspects,
- etc. (see sections for topics 7 — 13 in this text)

Two mentioned documents should:

- be based on use-cases,

- follow the structure and contents given in [3, 4] (e.g. graphical and textual representation of use
cases, data, quality expectance, etc.),

Option:
Preliminary requirements specification may not be produced. In that case however, one of the
assignments should be changed (see Topic 6. Cost estimation for further details).

Remark:
It is also possible to use a different document structure (e.g. IEEE standard).

Excerpts from these two documents are used in the lecture (topic 5). Lecture also elaborates on
how requirements can change over the time. Therefore,

Option:

Develop a previous version of the requirements. These two documents should follow the
structure given in [5, 6] and should be not based on use-cases.

Remark:

Since it may be hard to produce these two documents, this activity can be omitted. In that case
the topic should be changed by deleting corresponding slides.

Slides where the case study (i.e., the requirements specifications) are used are the following':

' Please note that the slide title is a unique identifier of a slide inside the topic.




General slides describing only the summary of the product and giving an excerpt from the
glossary (part of requirements specification).

Example: customer‘s request
sSeminar Organization®

A company for advanced training (on-the-job training)
needs a computer-based system for the management of
its lectures. In particular, it should be possible to
administrate seminars and participants, to issue invoices,
to answer queries and to create statistics.

undamental case study of this course

Glossary

» Defines notions to assure a unified terminology

» The glossary will be reused for the user interface,
the online help and the user manual.

» Examples:
+ Seminar organization: 12 notions
+ XCTL (control program in physics); 110 notions
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Example of a glossary (excerpt)

Glossary

Seminar organization

Version 1.0
Version Author Date Status Comment
1.0 Balzert 31.07.2000 accepted
Client

Associate of a company or a private person, who is interested in services, or have
booked and participated the seminar.

Client manager

Responsible for communication with clients and companies, together with booking and
information providing.

Company

Associate of a company (contact person) who is responsible for education and further

di ion of company and who is inf d about services or who sends
on public p . or who books for closed presentations.

13
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Example: customer‘s request
sSeminar Organization®

A company for advanced training (on-the-job training)
needs a computer-based system for the management of
its classes. In particular, it should be possible to
administrate seminars and participants, to issue invoices,
to answer inquiries and to create statistics.

What should be more precisely specified in
this example requirements specification before
sfarting the product development?

DAAD project . foint Cowss on Software Enginsering” ©
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Slides describing documents that show characteristic parts of both documents.

Example of a requirements specification (excerpt)

version 3.0

Requirements specification ﬁ document name
Seminar organization

Version Author Date State Comment

21 Balzert 03 accepted

22 Balzert 101 accepted [F115/ added

23 Balzert 10195 accepted /F15/, IF125/, IF185/, /DG5S removed,
fF1304, D10/, /D20F added,
1030/, /D70 changed

a0 Balzert 31.08.00 accepted Extension onthe Web

oTRIs Software AG
Landgrafenstr. 153

139 Dortmund
+48 (0)231 106 15 40
+49 (0)231 106 15 44 information

EMail info@otris.de

starting from version 3.0 new
orgarization: based on use cas

.

1

The p d by "T " y should be supported by
computers.

1.1 Compulsory criteria €<—

1.2 Optional criteria «—

1.3 Exclusion criteria<—

/_I_Tunchonailt,l in averview: 3 revelsj
Goals

managing seminars.
managing presentations.
managing clients (participants/interested parties).
managing client companies.
managing lecturers.
queries like:
= When will the next X seminar take place?
= Which associates participated the seminar X7

all compulsory functions (the compulsory
Internet (Web browser)

hotel and contact person management
statistic evaluation
data security support

ia) should be acc

ible through

Mo accounting (book keeping) intsgralada(}he accounting has a copy of invoice
and keeps track of payment and notifies of the paying delay).

DAAD project . Foint Cowss on Software Enginsering” ©
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2 Product Usage

The product is used by client-, company-, lecturer-, seminar- and
presentation management of "Teachware" company. Besides that,
various queries should be answered.

2.1 Application area

Salesman/administrative application area.

[si

process diagram {use-
case diagram):

= Naming basic

Compa

— i 5 ya
3 Product Overview ﬂ
X

imple) business

\ef \ef \e
o8] 15 .|
HHH
A )
\?!

from canceling to canced notificatiof

.
i

] functions e T
2.2 Target Groups Esmn'g':m;s bl R i
Associates of "Teachware” company should be divided into: client Presenting seminar A S
manager, seminar manager, presentation custodi Lecturer from paricipation ta svahstion
"Teachware" clients: clients and companies can get the information
about seminars and presentations on the Internet. They can book using from idea (o a new seminar
Internet, as well.
from choosing 1o engaging
m Seminar custodian
Business process of SemOng product (overview diagramy from scheduling o resenation
Joint Cowse on Softy 26 Joint Cowse on Softy 30
4 Product functions F20.(PF20)

[ structuring schema for the textual
description of use cases

4.1 Use cases

F10 (PF10)

Use case: inf
Goal: client gels
Category: primary

Precondition: -

Post condition success: client gels required information

Post condition failure: the required information can not be issued
Actors: client manager, client, company

Triggering event: client writes (letter, fax, e-mail} or calls

from question to
ired tion or the

n material is sent to her/him

Description: 1 -

1. client data retrieval 4—\_{ use case =

2. information issue .| sequence of actions
Extension: ! :

1. Aclient data actualization
2. A production of address label |
(for sending info-material)
Alternatives: ]
1. Aninclusion of a new client |

Use case: buokin?‘. from registration to booki
Goal: the regisira

Category: primary

Precon
Post condition success: client is notified

Post condition failure: notification to clients that the seminar is overbooked, or

Actor: client manager, client, company

Triggering event: client registration is available
Descript
1.

2. seminar verification

3. booking undertaking o woar

4. registration notification and sending invoice

5. sending invoice copy to the accounts department

Extension:

1. Aclient data actualisation

1. B when client is associate of the company, associated company data are
updated and acc

1. Cinvoice verification

Alternatives:

1. Ainclusion of a new client

2. Awhen the seminar is over booked, to point out the alternative one

2. B notification of "false seminar”, if the seminar does not exist

J ng
ion notification and sending invoice to the client

ions: -
does not exist, or a booking for the client is already made

iption: .
client data retrieval
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4 2 Lists S . producing lists; special product functions | 5 Pl‘Od uct Data structure of data ‘
F70 (PF70)

Participant list: a) per seminar with following data: seminar title, starting
date, finishing date, presentation place, lecturers. b) per participant: first
name, family name, company, town.

F80 (PF80)

Participant certificate: for every seminar participant with following data:
address, title, first name, family name, staring date, finishing date,
seminar title, place, overview, conductor

F90 (PF20)

Queries like the following should be allowed:
When the next X seminar will be held?
Which associates of company Y participated in seminar X7

5.1 Client Data— =

) size of data |

D10 (PD10) Client data (max. 50 000): —
Client number, name, address, communication data, date of birth,
function, exchange, short information, notices, info material, client since

D20 (PD20) Company data (max. 10 000), when a client is an associate of
a company:
Company's short name, company name, address, communication data,
contact person, section, date of birth, function of contact person, short
information, notices, exchange, client since

D21 If a company is in a paying delay, then the following data should be
saved:
Date of still unpaid invoice, as well as amount

Soint Cowrse on Sofy 3
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5.2 Seminar Data

D30 (PD30) seminar data (max. 100 000):
seminar number, duration (in days), from, to, daily period split-beginning, daily
period split-end, beginning of the first day, end of the last day, seminar place
(hotellcompany, address room) cocperatlon paﬂner public (yes/no), net price,

i lalgalgroup requirements, fee without tax, min.
paﬂlcnpant rate, max. pamc:panl rate

D50 (PD50) Lecturers data (max 5 000):
Lecturer . name, add ication data, date of birth, biography.
daily allowance, short information, notices, lecturer since.

D80 If a lecturer conducts a seminar, this information should be saved.

5.3 Booking Data

6. Performance | cgncerning time and

amount of data

cancel fee, min. part t rate, max, t rate, actual participant, carried
out (yes/no)

D40 (PD40) Seminar I\rpe data (max. 10 000):
Short trﬂe ol' title, methodic, overview, daily

7 Quality requirements

Product quality very good good normal not important

Functionality
Suitability
Accurateness
Interoperability
Compliance
Security

Reliabiﬂty
Maturity

Fault tolerance
Recoverability
Usability
Understandability
Learn-ability
Operability X
Efficiency

Time behavior
Resource behavior
Maintainability
Analyzability
Changeability
Stability
Testability
Portability

HKHEAHHK XK

oK oK
MM

L
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8 User Interface 9 Non-functional requirements
U10 Standard Windows-oriented environment. If a functionality would be used over the Internet, than a secure transmit
U20 The web—browser_ handling is simplified. The available functions are has to be possible, after a client's wish, especially for roles of client
executed in side-wise frames. In main frames are presented the lists manager, seminar manager, seminar custodian.
and register masks.
U30 Service interfaces are designed for mouse. 10 Technical Product Environment
U40 1SO 9241-10: 1996 (Ergonomic requirements for office work with
screen machines, par{‘ 10g £ Product is client/server and Internet-abled.
dialog design fundamentals) to be taken into account,
US0 To distinguish the following roles: 10.1 Software
Server-operating system: Windows NT/98.
Role Rights Client-operating system: Windows NT/98 or Browser.
Client manager F10, F20, F21, F90
Seminar manager F22, F23, F40, F50, F60, F90 10.2 Hardware
seminar custodian F30, F70, F80 Server: PC.
Cattiras F70, F80 (for some presentations Client: Browser enabled machine with graphic monitor.
only through Internet)
Client, company F10, F20, F21 {only through Internet)
Joint Cowse on Softy ar Joint Cowse on Softy e
12 Structure of Project Parts SemOrg V2.0
F10  Informing: from question to information. (m:lh Internet)
There are three parts planned. First version covers core functionality ":gg Booking: from ".’9'5“:""9 fo booking, / Em: :2:2{::3
without Internet, second one covers core functionality expanded with F40 Des' {mmd oa :eIm 5
some Internet functionality like booking and booking the company's F70 Pangrgﬁﬁ;"'"ar IDOVICORN SLOCY SEITRART: (with Internet)
internal seminar. The third version supports hotel and terminal FB0  Participant cerlificate (with Internet)
management. F90  Queries (with Internet)
F22  Canceling: from canceling to cancel notification. (with Internet)
F21  Checking out: from canceling to a credit note. (with Internet)
SemOrg V1.0 (Core} F23  Booking company: from registering to booking a (with Internet)
F10  Informing: from question to information, (without Internet) pany's internal | i
F20  Booking: from registration to booking. (without Internet)
F30  Presenting seminar: (without Internet)
Ei gom parficipation Icfrea!iz:ticn, (wiilr:gul :nterns't] SemOrg V3.0
esigning seminar: from idea to a new seminar. (without Internet) - z TR booki .
F50 Acquulng lecturer: lmm choosmg to engaglng (without Internet) F23  Booking mg il fr{‘:m 'agme","g fo g A f-:;::a:?i.me'e nt)
F60 g pr from to vation.  (without Hotel- . i
management)
F70  Participant list (without Internet)
F80  Participant certificate (without Internet)
F90  Queries (without Internet) 1 3 S upp |emel‘lts
F22  Canceling: from canceling to cancel notification. (without Internet)
F21  Checking out: from canceling to a credit note. (without Internet) According experience, 5% of all clients are in paying delay.

Soint Cowse on Soly

Slides comparing two versions of requirements (optional) that summarize differences between

Soint Cowse on Soly

the previous and the current requirement specifications.



Requirements specification v3.0 compared with Requirement specification version 2.3

4. Product functions
predecessor v2.3 44 Cliont Managemant

JF 10/ Client registration, editing and deletion (client = participantfnterested party) /PF 10/

Rec}uirements speciﬁcation often Gha"ge because :;:Rmrmwn.;:n:loe;n::j:leum of companies which send their associates to seminars.
H IF 30/~ If she/e is akeady ragistered
» Errors, inaccuracies, misunderstandings, ...and i;ﬁ‘:i:: kgl i -
needs to correct those 1F 551~ what s the kind of paymen. linear sequence of 40
2 i & H = fF 60/ F g of regi: PF 20/ i i
» Requirements change (during the project lifetime) i ik oy Singletunctions
» Different document structure is needed Lot i bon e ol
= I canceing happene more than 4 weeks & Seminar.
Our case study - requirements specification v3.0 AN e e e ¥ fri e e
introduced: (- charge 100% of charge fee or subsiitute participant).
1 = ST fF 110/ - if “Teachware™ canceled saminar (- no invoice) PF 20/,
» New functionality (web accessibility) 1 ot e S s T et gy ik suinar
H #F 120/ Registering. change and deletion of seminar booking /PF 50/
» leferent document Struaure F |2¥A?o:pa:can bn:uk anaother company’s intarnal p’:senleliun.
JF 130/ Making address labels for sending i 1o all clients and

IF 135/ A circular letter can be sand to all cients and companies.
JF N»OI.R:COUNIIW depmlmenl Ilrles all lhe dalayed paymems using a provided function

Joint Cowse on Soly © 44 SOk Cowrss o Bt a © 45

v. 2.3 VS. v. 3.0 (1) v. 2.3 VS. v. 3.0 (3)

e 1 1 Compulsory Criteria
1.1 Compulsory Criteria manag?ng se:ny:nals F:mpm.
= Managing seminars * managing presentations.
. case: booking: Nﬂnrwmlom
=N oherse P;gnnac:;:?ngﬁntmslad parties). | & "t it 2
(participantsiinterested parties) - managing clienl companies. ;ggnm.mngx
. iSSuil:lg a_rld sending invoices . managln Ieclurers | Bast condion success: chent s natifed
*  Queries like: . quer[es R Sanalon I b rOReeL of Sas ot is,of &
L D\'\|ﬂ18n?will the next X seminar take When W|I1 the next X seminar take ol gﬁ:’.‘:".&.‘...a..“' :Mnm,‘nuﬁ
ace C F R | Triagering « adsble
+ Which.s: : . B assodiates partcipated the Hatcation 2 en oL achant whly Sl
par seminar X F 30 - if shele is already registered 1 (o “‘m‘,',,“""
Wh‘l not de‘élf'?d 1.2 Optional Crlt ; F 400 -if the desired seminar is possible S o
= .2 Optional eria = ik 3 registason notiicaton and sending inyeice
anymore? IF 50/ if the seminar is still fres £ sending invoice copy b Hve accounts department
1.2 Optio « all compulsory functions (the F 550 - what is the kind of paymernt Extension:
compulsory criteria) should be D e e
+  Advanced query possibility accessible through Internet (Web S ooy s e o Lope,
+  Statistics browrser) 1. C) w«mlum
+  Support of data backup 2 r;f;ﬁ!f;&:‘r"?wct persony it L R
* Reuse of seminar and client . slalisl?c ealialion {2 Awhen the presaniation s over booked, t2 point
ma I'IBQBITIEI'I' R {2 B notification of “false presentation”, if the
+ data security support presentation doet not e
e r Ty Jokt Cowrse on ol T a8

V.23 VS. v.3.0 (4) v.23 VS. v. 3.0 (5)

Test cases
Following function sequences are to be
12 '3,99;2“{;:?;5&'02?"&;;1;3;2?3;;;*“;3 D10 (PD10) Client data (max. 50 000): hecked
0/ personal numi ﬁ( name (address Client number, name, address mwv F'arhc:lﬁams login,
tltla first and second name), address communication data, date of birth, registration, chec King out. new login,
(strest, house number, land cods, function, exchange, short information, invoice, payment defay.
gonshtair code, place, phone, fax), date of notices, info material, client since 1T 200 Canceling, change.
unction, revenue, mema, notes, 1T 30/ Canceling, issuing invoice.
D20 (PD20) Company data (max. 10 000), a, ng
info-material, client since when a client is an associate of a IT 40/ Entering a seminar
company. realization, and issuing invoices.
1D 201 f a client is associate of a company, Company's short name, compan
T g niomaton || nome, acdress, conmunicaion date || Following dta consistncies artobe kept
company name, address, phone, fax, function of contact person, short
name, address, clepenmanL date of information, notices, exchange, client 1T 500 The booking is possible to be
birth, assaciate's position in company, since made only if there is a client entry as
memao, notes, revenue, client since. well as a seminar presentation entry,
D21 if a company is in a hpayln%gelar then and if the seminar presentation is not
/D 30/ If a client or a company is late with the following data 5 yot cierbooked:
pa i, then save t?zlullwang data: Daate of still unpaid invoice, as well as IT B0 A new seminar presentation
date of invoice, which is not yet paid for, amount can be entared only if the
and amount of invoice. corresponding seminar type is
available.
Joint Cowse on Softy © 48 Joint Cowse on Softy [ [T}

2.2 Topic 6: Cost Estimation

Documents produced in the previous step are used to calculate cost estimation that will be partly
shown during this topic.

To do:

Develop a cost estimation calculation using a function point method, based on preliminary
requirements specification produced in previous step.

Option:




If the preliminary requirements specification /as not been produced in the previous step, then
cost estimation must be shown on requirements specification! Since this was intended as a

student assignment (see later), in this case another student assignment (i.e. example) must be
devised.

Remark:
It is also possible to use another cost estimation method (e.g. COCOMO) but it should be done
only as an additional method. Function point (at this time) has the priority.

Slides where the cost estimation calculation is used are the following™:

Introductory slides used to support the introduction of FP method.

1. Step: Categorizing 2. Step: Assigning complexity

» Put each requirement into one of the classes:

e : . + simple,
» IPF ?Ol. ,,Ij-‘artlmpant list per event e
+ This requirement belongs to the category oufput data. - complex
» /PF 80/ ,Participation certificate for each + Example:
participant - Because there are no specifics concerning the outputs
+ This requirement belongs to the category output data, given in the first requirements specification, all outputs
too. are classified as being of middle complexity.
DAAD project . Joint Cowrse on Software Enginesring” 38 DAAD project . Joint Cowse on Software a8

Calculation

3. Step: Filling out calculation form

o : form

» Requirement /PF 70/ contains 1 middle output, so B Example:
does /PF 80/. = Values from
- g : preliminary

» Altogether there are 5 middle and 4 complex : g : requirements
outputs. m i : specification

* Put a 5 into the number column of the second row
belonging to outputs, and a 4 into the third row.

* These numbers are multiplied by 5 resp. 7 (weighting
factors).

= This results in 25 resp. 28 Function Points.

i

DAAD project . Joint Cowrse on Software Enginesring” 40 DAAD project . Joint Cowrse on Software Enginesring” 41

? Please note that the slide title is a unique identifier of a slide inside the topic.



Category Number = Classification Weighting Sums
Input data 0 simple x3 = o
1" middle x4 = 44
4 complex %6 = 24
Queries 0 simple %3 = o
0 middle x4 = 3]
0 complex %6 = 0
Qutput data 0 simple x4 = 0
() mdde GO - G
G comier G- B
Data [ simple xT7 = 42
0 middle x10 = 1]
1] complex %15 = o
Reference 0 simple x5 - 0
data 0 middle X7 = o
0 complex %10 ik 1]
Sum [ un-welghted function points ] E1 =

. 1 Integration with other
applications (0-5)

2 Decentralized data/
processing (0-5)

3 Transaction rate (0-5)

4 Processing logic

a Arthmetic operations (0-10)

b Control procedures (0-5)

¢ Exception handling (0-10)

d Logic (0-5)

S Reusability (0-5)

Influencing factors
{Function Point value
can be changed by
+/- 30%)

- -6-0 -0 0

won

6 Data stock conversions (0-5)
7 Adaptability =

Detailed slides showing detailed parts of calculation.

Example: Preliminary Requirements Specification
»Seminar organization® V 2.3 (1)

» /PF 10/ Adding new, changing and deleting
customers’ data (participants, prospects).

[PE10/:

These arseparate inputs (Adding, Changing,
Deleting).

is certainly most extensive, there are
probably more than 10 data elements to be gathered, a logic
input correctness check is needed (consistency check: zip-
code/place), a writing acces to the data base is needed, user
auidance is expected to be high (automatic positioning of
cursor, field centered editing). Adding a new client is a

complex input.

& Sum of the 7 influences E2 = 18
4 Evaluation of infl. factors
2 =E21100+07 E3= 18/100+0,7 = 0,88
£ Weighted Function
& Points: E1-E3 = 143
" DAAD project . Joint Couse on Software Enginesring” ¢ “
Repetition: Classifying requirements
(complexity)
Classifying input data
Criterion simple | middle |complex
Number of different data elements 1-5 6-10 r.:- 10)
. iﬁ{: L e e R pa i
logical logical
B acce:
Expected user guidance low normal  (high)
DB = data base

Source: Balzert Vol 1 (1. edition) p. 80-82
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Example: Requirements Specification
»Seminar organization® V 2.3 (2)

[PE10/ contd.:
During aof client's data the data base is read from

and written on. User guidance is needed to be usual, the
number of changed data elements may vary from small to
high. Therefore classfying this input as middle seems
sufficient.

[Deletingla client's entry demands logical checks and a
data base access on seminar bookings /LF50/.
Deleting is therefore also classified as being of middle
complexity.

Result: 1 complex input, 2 middle inputs

DAAD project . Joint Cowse on Software Engineering” © 51

Example: Requirements Specification
»Seminar organization® V 2.3 (3)

» /PF 20/ Information of customers (registration
affirmation, checkout affirmation, change
information, invoice, advertising)

[PE20/

These areparate outputs.

Because there are no specifics in the requirements
specification available and most of these ouputs are
combinations of a few data elements with some data
and standard texts, they are classified as being of middle
complexity.

Result: 5 middle outputs

DAAD project . foint Cowss on Software Enginsering” © 52
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Example: Requirements Specification
»Seminar organization® V 2.3 (4)

[PE30/
As in /PF10/, but respectively for seminar events and seminar types.
Result: 2 complex and 4 middle inputs

[PF40/
As in /PF10/
Result: 1 complex and 2 middle inputs

[PFS0/

To book a seminar it is only necessary to link the customer with the
corresponding seminar event. So there are only a few data elements
involved, however a logical check with data base access is needed.
These 3 inputs are classified as being of middle complexity.

Result: 3 middle inputs

Example: Requirements Specification
»Seminar organization® V 2.3 (5)

[PFB0/

An invoice has to contain data on the customer, the seminar event and
the seminar type. This requires some data base accesses. The
output will probably contain more than 10 data elements. This leads
to a complex output.

Result: 1 complex output

[PETQ/
As in /LFB0/ these are three complex outputs.
Result: 3 complex outputs

DAAD project . foint Cowss on Software Enginsering” ©

Function-Points am Beispiel: Lastenheft
sSeminarorganisation® V 2.3 (6)

/LF80/
Queries similar to the following should be answered:
When will the next seminar X take place?
Which company Y's associates participated the seminar X7

These are queries with end user languages. They do not
count.

[} DAAD project . foint Cowss on Software Enginsering” © [13
Example: Requirements Specification
s9eminar organization“ V 2.3 (7)

Product data

[PD10/
This should be one simple data stock (1 key, number of different data
elements < 20).

Result: 1 simple data stock

[PD20/

As in /PD10/ this is one simple data stock.

Result: 7 simple data stock

[PD30/

As in /PD10/, respectively for seminar event, seminar type and lecturers.
Result: 3 simple data stocks

[PD40/

As in /PD10/.

Result: 1 simple data stock

DAAD project . foint Cowss on Software Enginsering” ©

Un-weighted Function Points

56 DAAD project . Joint Course on Software Enginesring” 57

Influencing factors

The influencing factors are considered as follows:

Input data: 11 x middle (4) = 44
4 x complex (6) = 24
Qutput data: 5 x middle (5) = 25
4 x complex (7) = 28
Data: 6 x simple (7) = 42
Function Points sum (E1) 163

1. Integration with other applications (0-5): 0
2. Decenlralized data / processing (0-5): 0
3. Transaction rate (0-5) : because of /PF10/; efficient DB access 3
4. Processing logic
a) Arithmetic operations (0-10): more complex algorithms 3
b) Control procedures (0-5): 3
c) Exception handling (0-10): special cases 3
d) Logic (0-5): 3
5. Reusability (0-5): 0
6. Data stock conversions (0-5): 0
7. Adaptability (0-5). 3
Sum of the seven influences: E2: 18

DAAD project . foint Cowss on Software Enginsering” ©
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Finish: Weighted FPs, MM, Category Number Classification Weighting Sums
number of employees Input data 0 simple x3 = 0
1 middle x4 = £
4 complex %6 = 24
» Evaluation of influencing factors: E3: Queries 0 simple x3 = o
+ E2/100+0,7=18/100+0,7=0,88 0 middle x4 = o
4 i . 0 = [+]
» Weighted Function Points: S f— :;:’p’?':" ": -
p . = 5 = utput da X =
E1 E3—16f3 0,88 =143 FP 5 mmiddlo i = 2%
» Costs according to IBM table 4 complex %7 = 28
(interpolated): = 8,5 MM Data 6  simple X7 = 42
» Optimal development time 0 middes x10 = 0
+ =25*8,5 " 0,35 [months] = 5,2 [months] DR complox x15 » 9
Reference 0 simple x5 = 0
data 0 middle %7 = o
Average size of development team is: (I coIpic x10 = 9
= 163
Number of employees = 8,5 MM / 5.2 months = 1,6 = 2 employees San E1
[DAAD project  Joint Cowse on Software 80
Influencing factors 1 Integration with other P Second example:
{Function Point value applications (0-5) = v - . -
canbochanged by | 2 Decontralized data preliminary requirements specification V 3.0
+/- 30%) processing (0-5) = 0
3 Transaction rate (0-5) = 3
4 Processing logic
a Arithmetic operations (0-10) = 3 New: identify elementary functions as part of use cases
b Control procedures (0-5) = 3
¢ Exception handling (0-10) = 3
d Logic {0-5) = 3 - for each use case, find the elementary functions
5:Reusabilrty.{0:5) - 0 contained in it
6 Data stock conversions (0-5) = 0
< L Pneta ity - 3 E le: /PF10/ Inf A ks for inf b
- r _ xample: / nforming: A customer asks for information about
offSum of .the z l_nﬁuances B = i seminares or a mailing of a seminar catalogue.
‘% Evaluation of infl. factors
E, =E2/100+07 E3= 18/100+0,7 = 0,88 « elementary functions: ,give information * and ,send catalogue”
£ Weighted Function
& Points: E1-E3 = 143
DAAD project . Joint Cowrse on Software Enginsering” 62 DAAD project  Joint Cowrse on Software Enginsering” 83

2.3 Topic 7: Basic concepts of the functional view

Requirements for a software product should now be analyzed according to several
methodologies/views. First we take into consideration a functional view and should illustrate
function tree, data flow diagram, and use case diagram on the requirements specification of the
case study.

To do:

- Develop a full data-flow diagram of requirements — it will be needed also later.

- Develop a function tree of main functions of requirements (function tree is implicitly contained
in a data-flow diagram, so it just have to be recognized).

Option:

In fact not the full data flow diagram is needed, but at least three subsystems have to be fully
developed.

Remark:

If requirements specifications are developed as requested previously, then there is no special
activity related to use cases in this lecture — we shall just use some excerpts from the already
produced document.

11




This topic also elaborate on the difference between functions and use cases near the end, using
the example from two versions of requirement specification: the old one without use cases, and
the new one with use cases.

Remark:
If the previous version of requirements has not been produced earlier, then this elaboration must

be illustrated differently in this topic, i.e., changes will be necessary.

Slides on function tree.

- =

Example:
Seminar

E organization

— How many hierarchy levels?_

- =
s
i

= =

External entity:
= not part of the system
« part of the problam i

Chent Chent
Manager

Client data /D10/ Company data /D20

\

Comgany Company data Manageme . Data ﬂow
i (kD e ) diagram example:
L \dneFw DFD Seminar
2 organization
DAAD project Soft e @ 15

Slides on use cases.
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Example:

Seminar
i organization
fient manager
n
Seminar manager

Acquiring lecturer

from idea 1o a new seminar

from choosing lo engaging

Additional
description

is necessary

v N\

Semantics 7

from choosing lo engaging
e A e
Soint Cowse on Sy © 5 Soint Cowrse on Sofy © 29

Description of use cases: example ,Informing‘
(from: requirements specification ,,seminar organization*)

| structuring schema for the textual
= description of use cases

F10 (PF10) e =
Use case: inf from g to infl
Goal: client gets required inf or the inf material is sent to her/him

Category: primary

Precondition: -

Post condition success: client gels required information

Post condition failure: the required information can not be issued

extend - relation

Basic use case

Exiension use case

Actors: client manager, client, company eaxionds
Triggering event: client writes (letter, fax, e-mail) or calls Production of
Description: | i SN L et address label
1. client data retrieval | use case = Client The customer :
2. information issue -\—{ Eaciiaiica ot Seons T requires mailing of
Extension: : S information materials
1. Aclient data actualization
2. A production of address label |

(for sending info-material) |
Alternatives: ]
1. Aninclusion of a new client |

b1 Soint Course Safty L 35

Joint Cowse on Soly ©

include - relation

i Company
Booking

ancludes®
P

-
L@ ‘.‘
maorality

booking includes
the assessment of
payment morality

Generalize - relation

Booki

ng is possible

by companies and
private persons.

" internal baoking

booking

_—

~ public booking

Joint Cowse on Soly ©

Joint Cowse on Soly ©




Example: use case diagram with all kinds of

relations

Abstract

Actor E

clia

nt
Genefa-
/ ‘Y lization

$ %

Company  Private
cliont client

; Crganis
Seminar Qrgaisation Abstract business

—

process
Booking
oF

— Generalization

Extarnal booking
Production of
-t |- address label
uextenis

System ——

Chent wants info-material
border

DAAD project . Joint Cowss on Sofware Enginsering® ®

Slides comparing use cases with functions.

Use Case vs. Function

» Use cases are special product functions

» Use cases orient towards basic tasks of the
system, which are beeing organized by interaction
processes between users and the system.

» Use cases have a value for the user

» Example ,seminar organisation®:
« Version 2.3: 30 single functions
+ Version 3.0: 8use cases

Use Case vs. Function: example

V2.3 with 30 single functions
F 1

F 20
Registration of a client with verification
IF &0/

Mailing of a bocking confirmation

IF 1300
Generation of address lables.

Client registration, editing and |
deletion (client = participant
linterested party)

—

Booking

no direct value for users

[elerﬁemary funclions:

has a value only as part of a usa case

|

A ’

central
system
functions,

DAAD project . Joint Cowrse on Software Enginesring” a8

DAAD project . Joint Cowrse on Software Enginesring”

2.4 Topic 8: Basic concepts of data oriented view

Data dictionary and entity-relationship model should be illustrated with the case study.

To do:

- Design a user-interface form for which a relatively complex data dictionary can be created (see
slides). Such data dictionary should illustrate most important data dictionary notations.
- Develop several entity-relationship diagrams from case study illustrating important entity-

relationship notations (see slides).

Slides related to case study can be grouped in two groups:

Slides related to data dictionary.

14




Example: Seminar Organization (interface)

Registration to ‘Teachware’ seminar
The folowing person is registered as a is participant

Family Name

Example: Seminar Organization (Data Dictionary)

= Participant
+ 1 {SeminarPresentation} 3
+ InvoiceAddress

Registration

Tithe First Nama Participant = Name
Name = (Title) + FirstName + Surname
Fresemation no. Sl o 1L SeminarPresentation = [PresentationNo
+(SeminarDescription)
+(StartDate)+(EndDate)|
(PresentationNo)
Invaice and other documentation wil be sent to: +SeminarDescription
Title First Name Family Name +StartDate+ EndDate]
InvoiceAddress = InvoiceRecipient
Company Street / P.O.Box Courtry + (Company)
+ [Street | PostOfficeBox]
Zp city Ehane + (Country) + Zip + City
+ (Phone)
InvoiceRecipient = Name
DAAD project . Joint Cowse on Software Engineering” © 7 DAAD project . Joint Cowrse on Software Enginesring” © g

Slides related to entity-relationship model.

Associations (Relations, Relationships)

= Relationship between entity sets

Lecturer

Seminar

Presentation conducted

Case study: Seminar Organization

nnmber

C—
@0‘—5@®-‘!§m

Name MName

Seminar is Short title ) ( Address
Belongs to type determined -
Contact ritle Sontac
Tk ‘ | Tutle ) (( ontact
S [ .‘s'cmlu'.h'ﬁ_{;c Goals ) ( Biograpliy
DAAD project . Joint Cowse on Sofware Enginesring” © 18 DAAD project . Joint Cowrse on Software Enginearing” © 21

Example of a semantic data model:
“Seminar organisation”

Fetron _,"_"'_“' SN
(_ Generalization

DAAD project _Joint Course on Software Enginssring” © £

2.5 Topic 9: Basic concepts of the rule oriented view

Decision tables should be illustrated with the case study.

To do:

15



- Develop an example suitable for description with decision tables (checks, rules, sequence of
activities that can be done under certain conditions, ...) (see slides).

All slides related to case study belong only to one group:

Slides illustrating decision tables.

Case study ,,Seminar organization“

» If participant wants to register the seminar
presentation, then booking must be done in the
following way:

+ Registration notification and sending a bill to the client
(F20)
- check if he is a client
- check if he is registered
- check if wanted presentation exists
- check if there are free places for the presentation
- check what is client's previous payment status

- treatment with a set of ETs

F20 (PF20)

Use case: booking: from registration to booking

Goal: the registration notification and sending invoice to the client
Category. primary
Preconditions: -

Post condition failure: g
exist, or a booking for 1l
Actor: client manager, clisst
Triggering event gherif re
Description
client data retrieval
presentation verification
booking underlakmF
registration notiication and sending invoice

sendigg invoice copy to the accounts department
xtension:

1. Aclient data actualisation

1 B whenealiem is associate of the company, associated company data are updated and
access:

1. Cinvoice verification

Alternatives

Ainclusion of a new client

& when the presentation is over booked, to point out the alternative one

previous payment
status? See D21
and 10.4

B notification of "false pr ", if the p does not exist
DAAD project , foint Cowse on Software Enginsering” © 20 DAAD project . Joint Cowss on Software Enginsaring” © 21
Case study: conditions Case study: actions
» Following conditions are needed: b Followind qalions alenosdes!
Al Enter registration data
C1: PersonallNr ok? A2: Increase number of participants
C2: PresentationNr ok? :i zmz“ce lregi'f“aﬁo" petiticatiog
. roduce Invoice
. H J?

C3: Registered? ) AS: Produce invoice copy
C4: Number of participants < max? AB:  Enter new client data
C5: Payment delay? A7:  Notification false presentation”

AB: Notification ,overbooked"”

AD: Notification ,payment delay*

A10:  Client manager informs how high is payment
delay and decides whether A1to AS is
successful

A11:  Notification ,already booked*

DAAD project . Joint Course on Sofware Enginsering” © 2 DAAD project . Joint Course on Schware Enginesring” © F
. Case study: table DT1
Case study: Y
central decision table handles the normal case from DTO
: . DT1: Processitg of booking R1 R2 R3 R4 ELSE
» Following DT can be set up: TR e 7
DT0: Registr. notification to a client R1 R2 R3 R4 C4 Nuber of participants < i vy || v N N
C1: Personal-Nr ok 7 (v ) Y N N C5 Paying delay ? = N v =
C2: Presentation=Nr. ok ? Y N Y N A1l Notification already <
= = = regstered” 2
A6: Enter new client X X AS Notification overboaked” X X
AT: Ni li!icnlim “false Sy Sl X X A9 Notfication . Payment delay” X X
Breeeniaion Execute bookmg (Al 1o AS) X
Continue in DT \DT1L_J | D12 DT3 Contintie i DT pT11 |
. ) Booking or not? Normal case: booking without
* Rule R1 says that client is already known and that L problems :
wanted presentation exists =
) DT1 1 Decade on the payvments R
* In DT1 we have to mention 03‘ C4 and C5. Payment delay critical ? (client manager decaded based on the valie) N
Perform booking (Al to AS) X
DAAD project . Joint Course on Sofware Enginssering” © 24 DAAD project . Joint Course on Schware Enginesring” © 28
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Case study: table DT2

» Rule R2 from DTO describes the situation when
the client is known, but there is no wanted
presentation

» We still have to check his payment status and
produce appropriate notification:

Case study: table DT3

» Rule R3 in DTO describes situation when the
client is new and that the wanted presentation
exists

» It should be checked if there are free places:

DT3: Check the number of participants Rl R2
4 Number of participants <max 7 p 3 N
DT2 Check the payment status Rl Perform booking (ALto A5) "
B5. Payment delay 2 AS Notification _overbooked” X
A9 Notification  Payment delay® X
DAAD project _Joint Course on Software Enginesring” ETS DAAD project _Joint Course on Software Enginesring” 27

2.6 Topic 10: Structured analysis

This topic is essentially driven by the data-flow diagrams developed for the case study. They are
gradually refined, and finished with mini-specifications and data dictionaries. This topic also
presents once more an already developed function tree that is implicitly contained in diagrams.

To do:

- Develop an example for mini-specification for at least one illustrative data flow diagram.
- Develop an example for a data dictionary that will be used with refinement of data flow

diagrams.

All slides related to case study belong to three groups:

Slides illustrating refinement of data flow diagrams.

rﬂl‘llnlinn

[Comgany | -%Q -
t di
e T i 2 pe= DFD 0:
Diagram: ‘w/ : Manade
£ Case Study FE = _g
: © Seminar , ; [, esrass, Seminars
& =] data £ | m:'_ul | Jecturer data
Organization oo, ¢ emmem s = and
o | _3“-'33"'«- : ¥ Customers
RU| oo e 9

= Characteristic data base seminars .9" e
-] { i and customers 5 ¢ 2
5 — of this DFD? ff ~ What strikes 7
5 Involce \ &

= data sets ‘9

£ Manager | 7

2 o e ‘B" i Mge | seminar requests

[V s | A Enors, — |, seminars | seminar data
coounts LA / . LY
~ Problems 7 F, s I nmud \ 5
Depactment . { mead | g, |paying deiay 24 %"-\-%v
| Invalce lt-lt %
DAAD project . Joint Cowrse on Software Enginesring” 18 DAAD project . Joint Cowrse on Software Enginesring” 20
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Second Refinement

-------------------------------------------------------------------------

Jolnt Cou s 23 Foint Cou L2 e
Invoice -
data sers Third Refinement
> 2 s \gSuemom
rsonal data | 1 N |'f Book \ i H
pe ME‘;Z:;:E \ 1-. i ,] ociarSios e : (context diagram) :
| customers \\ ;;% E ‘
. : R
DFD 4: N A4 &
Manage D, 2
Clients database seminas .
% % i DFD1 DFD5  DFD6
o — ]
- 2 b~ i i
/ % 4 \\ request data '
—<onpa do mﬁf'?.?m) g toemmon | [ answer j‘i !
| companies \\ b =i iDFD1.1 DFD12 .. e
' \--\___/'_/ e e T e T T R T R s E R TN,
25 Soint Cou v 8
Va N3
7, %,

registration data
registration date
Involee on

prosentationNo

DFD 4.3:
e DFD 4.3:
data sets Book

g
8
]5 Book 2 5
= presentation i et resen-
i = seminars and customers tatlons

(Detail)

participants max

29 Soint Cowrse on Softy

Slides illustrating mini-specifications (and function tree).




Mini-Specifications

canceled invoice data

cancellations data 3
Manage

cancellations

canceled invoice

notification check credit note

present. canceled

--’;_—’Ho\.\r to proceed with process 4.3.37 :‘;

e

» Each process that is not refined any further must be
described by a MiniSpec

» Each MiniSpec has to describehow inputs are transformed
into outputs

» A MiniSpec must not contain implementation regulations

» MiniSpecs may be: pseudo code, rules, decision tables or
decision trees

Mini-Specifications: as Pseudo Code
Example Process 4.3.3

cancellations data 3 canceled invoice data
Manage

cancellations

canceled invoice
natification check credit note
present. canceled

Read cancellation data from database;
Send notification presentation canceled to all
participants
if participant already paid invoice
then Send canceled invoice and check credit note, too
end if

Enter canceled invoice data into Storage
inveoice data sets

Joint Cowse on Soly 32

(Implicit) function Tree

| 0 Manage seminars and customers I

|
[ | I |

1 Manage 2 Manage 3 Record 4 Manage 5 Manage 6 Read
lecturers seminars paying delay clients companies invoice data
I I I | | |

4.1 Enter, 4.2 Enter, 4.3 Book seminar 4.4 Answer
edit, delete edit, delete presentations queries
clients companies
| | |
4.31 Record 4.3.2 Record 4.3.2 Manage
registrations. check outs cancellations
Soint Course Safty 35

Soint Cowrse on Sofy 3

Slides illustrating data dictionary and its use with data-flow diagrams.

DD Entries: ,,Seminar Organization® (1)

» With the transition from context diagram to DFD 0
no data flows have been refined

+ Mew data flows between storages and processes were
inserted

* In DFD 4 data flows were refined
- This has to be recorded in the data dictionary:

request data = perscnal data + (company data)
booking data = registration data + check out data

DFD 0:
— Refinement

( "_";\."":c'fT‘:‘"‘of Data Flows
| s S0 DED 4

| Manage
L e o s
+ If data flow names in different DFDs are identical, then S e ....,\I “—"ﬁ"'m,,,
they are concerned with the same data flows. ' ke, L %“ N"““
Joint Couse on Softy a8 = Joint Cowse on Softy kY

19



DFD 4: Refined Data
Flows From DFD 0

~,

Invalce

gl Bonidn‘sr; data

~ Y

Book

i | clients |

y/

II - - %Q;,%

&,

i
1

involce

Request data

1
1
[}
i
i
1

1
)
1
]

== - |
S edit.ﬂetm| Answer |

"\_ companies | '-\. queries
S A N
~ o

.-'-“\ —
- Ivolce data - 3 \:.. 2
/ 1 7 3 \
ey e ) (o Y
x | edit, delete | \\P'm"ﬂ"ms_, ‘

DD Entries: ,,.Seminar Organization* (2)

«  With the transition from DFD 4 to DFD 4.3 come the
following DD entries:

invoice = [first invoice |
corrected invoice |

canceled inveoice]

inveoice data [first inveoice data |
corrected invoice data |

canceled invoice data ]

notification letter [notification fully booked |
notification false presentation |
notification paying delay |
registration receipt |

check out receipt |

notification presentation canceled]

+ (check credit note)

DAAD project . foint Cowss on Software Enginsering” ©

DD Entries: ,,Seminar Organization* (3)

registration data = personalNo + presentationNo

+ registration date

check out data = personalNo + presentationNo

+ check ocut date

Registration = receipt on + inveice on
registration date
presentationNo
participants max
participants current

paying delays

+ 4+ 4+

check out = from + registration date
+ check out date
+ participants current
+ presentationNo

+ corrected inveoice on

DAAD project . foint Cowss on Software Enginsaring” ©
DFD 4: Refinement of Invoice
Data Flows in DFD 4.3 a8 Sats

- - Mvoicedatn’ R S
N L 3 %

personsidats [ gpgey { Book ‘I
e A
| edit, delete | \\prmmmlons reglstration data
| clients | \

I, . :. ~.\\ : ] ._.\ —
nter, | / B
—SompEy dala (it delete | Jotormation | Answer |
| companies /"l l.\.. queries H_;- equests

DAAD project . Joint Cowss on Software Enginsering” ©

first invoice data

DFD 4.3

Refined
rgpematoncanceied 3 Data Flows
-y from DFD 4
DAAD project . Joint Cowse on Software Enginearing” © 44

| CASE-Tool

~ ,innovator*
e

e

i — D
Tnnevaber® SOREN o sy . o]
DAAD project . Joint Cowss on Software Enginsering” © 45

2.7 Topic 11: Basic concepts of state oriented view

The topic uses case study to illustrate notational elements of automata and activity diagram. Also,

two slides of with excerpts from two CASE tools are given.

To do:

- Develop an example for an object life cycle that can illustrate important notational aspects (see

slides).
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- Develop an example for an activity diagram that can illustrate important notational aspects (see

slide).
Remark.
Additional slides can be also produced.

All slides related to case study belong to three groups:

Slides illustrating object life cycle.

Object life cycle for class ‘Seminar*

updating
i )
v seminas not apphicable  debeted
L exists !
chent registers | S1eTH thOiLerS condition
1 registeri becomes ‘true’

canceled cancel [ ¥ over) i
| soiscesinal ] L e enter()
{saminar fs madify()
o delete()
- canceling()

Object life cycle for class ‘Seminar*:

problems
Updating also in
Booking' and O o =it
booked'? mm_ REpEEE
0 Sl I doleted)

Additional states?

when (presentation starts)

> (oo

£
better.
final state?

DAAD project . Joint Cowse on Sofware Enginesring” © 24 DAAD project . Joint Cowrse on Software Enginearing” © 25
Slide illustrating activity diagram.
Semina manag Chant m) sstodian .
g =y N
\ K = Arranged
]l T according to
( responsible aclol')

Activity diagram:
functional

\ ecification
nSeminar-
rganization*
ez, F22:
-~ =) Canceling
rwiatin] = ____..-'_'w"_ > \
|’ Objects [with status]
L | included as input or
2] masage [% - output of actions -
|
S

e
[canceied] | o=t

DAAD project . Joint Cowrse on Software Enginearing” ©

Slides illustrating CASE tools.
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Use of CASE tools

° 1 CASE:
» Class Reservation and associated state L TE— Activity
automaton i |- o gt | diagram
+ Rational Rose operation
Mittwilurg %

— ausgebucht ‘BOOklng’

[ Zahiungiverng | i by =

[,
| kwin Zahbpgovarzg |
6;_._ — |
Lal. I ;,-3

DAAD project . boint Course on Software Enginearing” © 2 DAAD project . Joint Cowse on Scfware Enginesring” ©

2.8 Topic 12: Basic concepts of scenario-based view

The topic uses case study to illustrate principles of sending messages and notational elements of
collaboration diagram and sequence diagram.

To do:

- Develop an example that can be used to illustrate the principle of sending messages in OO
world. (see slides).

- Develop an example for a collaboration diagram that can illustrate important notational aspects
(see slide).

- Develop an example for a sequence diagram that can illustrate important notational aspects (see
slide).

Remark.
Additional slides can be also produced.

All slides related to case study belong to two groups:

Slides illustrating sending of messages.

Szenario during the execution of

Sending messages: createParticipantsList() createParticipantList()

Saminar

®aenlePnniticnr!Ush_l @ SeminarTitle()

=, Seminar

SeminarType

Customer

- not classes  ~ SeminarTitle

2l rm order of j ‘

L % messages -

| Contained information:
» Sender: seminar manager, seminar

3 = i inartype, lecturer, customer
» 4 : Partici

Customer

List(). getSeminarTitle(),
getName(), getName()
¥. Bothe, HU Barkin, Software Enginesring T ¥. Bothe, HU Barkin, Software Enginesring s
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Slides illustrating diagrams.

Collaboration dlagram createPartlcmantLlst(}

oversp
me order 2.3 <
* rbitrary

b createPasticipantsListi}

I: SeminarType

e
~toall dedcawed e
@l & Iec‘zurersI ’) < to all dedicated
e 7 customers 5

Seminar

lS:ue[Na e )

Ub]e:l cus!omer s 1
* placeholder for an
arbllral',r object of -

: class ‘customer’

Execution of the operation ‘createParticipantList()’ leads to a

» Order by numbers

collaboration between objects (of 4 differend classes and the actor)

lime

e

Sequence diagram: ‘createParticipantList()*

jarve |

Lecturer I
1

createPaticgpantl 1

et Nagwed )

I
1
I
1
I
I
T

Order by time axis

I werspemhcatlan
C _ the order is partly.,
4 rbitrary

(Customer I

K. Bothe. HU Barin, Software Enginesiing

2.9 Topic 13: Object-oriented analysis

12

K. Bothe. HU Barin, Softwars Enginesiing

This topic uses case study to introduce all notational aspects of class diagrams and to elaborate on

possible other in designing classes. Topic also uses already presented slides form Topic 10:

Structured Analysis.

To do:

- Develop a full class diagram for a case study, in such a way that elaboration of other
possibilities (choice of classes, etc.) can be done.

All slides related to case study belong to three groups:

Slides comparing OOA with SA.
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Static OOA model: ‘seminar organisation’

Company Faraon
‘Sromame. g «10r Basking iamber Ger
e iramat Hame fameT
anwess vt Comtemaon Cute Aavess AgcrensT
Contact Coresert Cortat Corgnert
Contact pasén fiaenct Checied ok Daie Brtrainy Datn
Sects 0 Vet gan Date First cogatares Dase
£

g 4200

Fre 30 Tt ey <00
rformaton, g <200 "
e ey O ] Froouce somes o)
rras ke Fi S eyl
Chert sece L Lot
- —— : Aasoclate
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Slides introducing notations and problems (other possibilities) of class diagrams.
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Static OOA model: notions

:nb.-\

Associate | *

Client

Company

Shortname: String <10> Booking

HName: NameT -

Address: AddressT Registered. Date ™|

Contact: ContactT ;m!r;:nm. Date

E:T:ﬁ';;.’.’,,‘: S, Checked out: Date %]

Coentact person bithday: Date Motification: Date

Function: String <30> -

Short i : Register(|

informat Io:. String <200 .
Float Produce notification| )

Prove payment()

Generalization /

Inheritance

p—————

Static OOA model: problems (1)

T To be able to read a final model

But: is the
model also
reasonable?

3

l o

=
To be able to assess a final model

E Most challenging

Function; String <50= How to develop
Business volume: Currency [3 just this model?
Produce jani| T 0.1 . . : >
™ Ciontbooking | [ Companybooking | _ i
DAAD project 5oy o C 32 5oy o C ES
Static OOA model: problems (2) Static OOA model: problems (3)
-
Tr“"""”w > = i ~ attributes and Y 5.2 Seminar data
12 classes: ' D30 (PD30) Presentation data (max. 100 000 | |
~ Why justthese Presentation number, duration (in days), from, to.

ones 7

Seminar

daily period split-beginning, daily period spit-
end, beginning of the first day, end of the last
day, presentation place (hotelcompany,
address, room), cooperation partner, public
(yes/no}, net price, cancel fee, min, paricipant

carried out: Boolean rate, max, participant rate, actual participant,
Why not? net price: Short Beg e bRl L
delay of payment acquire()
bill date delete()
amount printinfo()
[ aee
' zIP -
il priniDoPQ city Public presantation
telefon e o8 ,_-"//-,_4 c...,.., VeshatT
\ Parchat wnan ot [Ccompann :‘"
[vep—— e —— | | S5
i p—

DAAD project 5oy
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Static OOA model: inheritance

——

{3 generali-
sation
classes

Cooperamon pamer SIng< 100
Canceitee Fiost

Farmoigant mn Shont
PaTopat M Shot

Static OOA model : associations, roles

e

ba” — -
~ name of the
~— association -

st
et

——

comprehensible
of

several roles in

the same classes

[ comsary intrenat persantation

Pracue partcmant )
Pracus partcpant cermcata(

Abncane proe Fieat
Pascgants mae Srart

classes Public prasantation
iz ati Copermon pamer SIngs e
% Cancelfee Fuoat
is subject of Farcpat mn Shn
Rl Pamopant sus Snort

Partcpant nurter mas Son
Fartepant nurer e wert

Procuce partcpan K} ;‘r’:c‘w‘ e -
Pracus partcpant cermcata( - — sron

Fartopant nurer e wert
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Static OOA model : cardinalities

.

J some
cardinalities

Sroge— .

Fronace omes o)

Ansociate

FPublic peasantation

Cooperamon pamer SIng< 100
Canceitee Fiost

Farmoigant mn Shont
PaTopat M Shot

b _
{

Fro0ue parTcpan )
Pracus partcpant cermcata(

Is a 1:1 relation
between client and
public prmnta_ian

omp: D
=
o =

38

i aomio
ey

Afermabie verani)

Fartopant nurer e wert
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Slides illustrating packages.

Package ‘Seminar management’:
Offers of the company

Company
Srormame. g 410+
hame: iramaT

2ayess ssyesst
Cortat Cortsert
Cortact parsén Nasstt

sector WtAcaon Daie
co -
Furcton: 3
Boort rvormanon
oo Froouce somes o)
v L

- s : Aasoclate

¥ et T

[e—

ol et Sy <0

Bosking
Fegateied Due
e —
Be D
Crecied out Dade

3
Patson
T
Nawe. Time? 4 —
e

P

DAAD project . Joint Course on Software Engineering” & w

Package diagram ,Seminar management®

Seminar management |

| Person |<3—|-Lecturer|
A

Associate

Public presentation

T |
X - I:m:nlm - [ ¢ - boo |
L = na_ | oy bookkng Pr tat H < type
1T - g

Prutlic prasantation [———H P :
[ —— /‘d o Company internal presentation
Cancersee Faat : _1)1
Fartcpart mn Shon Carem
PMICONT auN Shont | Comgparry intenal peenantation =
e s B c
DAAD project . Joint Cowss on Software Enginsaring” © DAAD project . Joint Cowse on Software Enginssring” © 48

2.10 Topic 14: Formal specifications

Parts of already developed documents/slides are used here in order to clarify the need for formal
specifications. No special effort is neede here, except to use and slighly adapt already existing

slides.
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What is more precise in structured analysis than in

requirements specification?

DFD 4: e
Manage o t i
- Involce data -
clients b / !hl‘u. \ —
R L ) |
| detete | 3

Invoice =
[tirst invoice |
corrected invoice |
canceled invoice]

5
8

and clients
Invoice data =
[first invoice data |

\companies

— Synlaclic aspects;
« DD: syntax of data
* DFD: data flow between functions
* FT: hierarchical order between functions.

i check out
3 "
Book |
presen- ,.‘m%en

tations

WA

Database: seminars.

corrected invoice data | % -
canceled invoice data] i =
{ Enter, /4 geauest data
Wﬂ&q.uu.mmi Ypformation  Answer |
| queries jJreduests

What is not precise in structured analysis?

cancellation data 3 canceled invoice data
Manage canceled invoice
cancellations
notification

present. canceled

check credit note

Read cancellation data from database;
Send notification presentation canceled to all participants
if participant already paid inveice

then Send canceled invoice and check credit note, too
end if
Enter canceled invoice data into Storage

invoice data sets

- Semantic aspects:
« effect of functions: high portion is still verbal

DAAD project . Joint Cowss on Software Enginsering” ©

What is the case with OOA — more precise than in
requirements? Still not precise?

Fatasn

Class diagram

- firm
form, syntax

= not formal: exact
semantics is
missing (effect of
functions)

Semin

Eype

DAAD project . foint Cowss on Software Enginsering” ©

2.11 Topic 16: Structured design

This topic uses case study to introduce basic principles of structured design. It takes one data-

DAAD project . foint Cowss on Software Enginsering” ©

flow diagram and proceeds in designing the software for it.

To do:

- Develop a structured design for at least one data-flow diagram from structured analysis..

All slides related to case study belong to one group:

Slides introducing notations and principles of structured design.




notification
ovarbooked

\

s,
%”..%
%;. =

~ i
1 : )
mationNo | Record IW

DFD 4.3: towards database design

data base

seminars and customers

dahe £
jstratic A
}/’7 AN
] E 8
3 3 & E % gl s 5
§ I R e
g R BERHEE DFD 4.3:
5 4] 8| E| £
g 1 H HEEE Book
3 Presen- Database
data base . design
seminars and customers tatlons gatabase Serminar presentation
{Detall) tables Registration data = PersonalNr + Seminarhir + Registration date %
DAAD project . Joint Cowrse on Software Enginearing” © 12 DAAD project . foint Cowss on Software Enginsering” © 13

Structure chart: record registrations

Part of software
architecture according
to structured design

Pre-implemented @:‘;ﬁ_.@
function

Comments on structure chart
»srecord registrations® (1)

» ,Record registrations “ is main function

» All other functions: help functions, local functions,
which are called from main function

» Functions are called from left to right

DAAD project . foint Cowss on Software Enginsering” © 14

Comments on structure chart
srecord registrations” (2)

» Call relations and parameter passing:
+ read registration date’: read from user-interface
* ,SQAL: select client':
- Search DB for client, using key ,PersonalNr’
- found: name, address, status = true
- otherwise: status = false

DAAD project . foint Cowss on Software Enginsering” © 16

2.12 Topic 16: Object-oriented design

DAAD project . foint Cowss on Software Enginsering” © 15

This topic uses just one slide describing a case study — the slide that elaborates on how class
libraries can be used. However, this slide can remain even if the case study is changed, because it

is general enough.
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Reuse: class libraries

Legal & physical Legal & physical
persen | person

| Mumber 1 Hurriber
Hame et - ——— Name

Address Address
First_version_to First_version_to
| Addess_printing 1 Address_printing
F I 1 Existing in class
| company | [eerson 1 library
| Shertname K or
| Mo 1}
| s A5
| Contact_Hame BirthDate
Contact_Addrss Shartetification
| Contact_Departent Commants
Contract_BatDate Info_Materisl » OOD model:
| Contact_Function FlsTarsion o
| Shoatictisicasion SerialLetteTaxt (K) mod. OOA model +
| Comments P addiess |
info_Matsqial Prinl_notisication classes of user-

FRmiersion_to Provide_serial_leStar
SerisileferText
| Conversion

= interface (GUI) +
4 reused classes + ...

I ﬁddlns | C_ OOA model
| Print_notification
| Provide_serisl_jetter

DAAD project . Joint Course on Sofware Engineering” 15

2.13 Topics 25 and 26: Introduction to software ergonomics and User manuals

These two topics are not yet available in English.
Nevertheless:

To do:
- Implement a case study or provide a design of user interface.
- Write parts of user manual.

2.14 Summary

Activities in building a new case study are summarized as follows (this is only an approximation
— for full description, you should nevertheless read the whole text). Activities are ordered by
importance!

- Find a problem of reasonably large size an complexity (for example from textbooks, real
projects or educational projects)

- Develop requirements specification

- Develop a full class diagram as the basis of object-oriented analysis

- Develop accompanying diagrams for the dynamic view of object-oriented analysis: state
automata (object life cycle), activity diagrams, collaboration diagram, sequence diagram

- Develop a data-flow diagram for a significant part of requirements

- Perform the structured analysis of the system: develop a hierarchy of data flow diagrams
for a significant part of the requirements

- Do a cost estimation

- Implement the case study

- Write parts of user manual

To replace the existing case study with the new one, one should replace about 120 slides in the
lecture.
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3 The supporting case-study — XCTL

XCTL is a realistic program used mainly in the lecture to illustrate a process of reverse
engineering. To find out its basic characteristics a software measurements has been applied and
also presented in the lecture.

In the same way another case study could replace XCTL or illustrate other important
aspects of software development.

3.1 Topic S: Results of the “Analysis and Definition” phase
The supporting case study is for the first time mentioned in Topic 5: Results of the “Analysis and

Definition” phase. It is used only in one slide to show how many notions are there in the
glossary.

To do:
Develop at least glossary and use case diagram (as part of requirements specification) for a
software product, that should be:
- of similar size as the current one (based on the number of use cases, for example),
- possibly already existing and of unknown structure (such that it is suitable for finding out the
structure ©)
- of such complexity:
- that various software metrics methods can be applied

Option:
Develop a full requirements specification.

Glossary

» Defines notions to assure a unified terminology

» The glossary will be reused for the user interface,
the online help and the user manual.
» Examples:
« Seminar organization: 12 notions
» XCTL (control program in physics): 110 notions

DAAD project . Joint Course on Software Engineering” 14

3.2 Topic 7: Function-oriented view

This topic uses the supporting case study to show its use cases.
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The number of Use Cases (UC)

» A small system (2 to 5 MY) consists of 3 to 20 UCs

» A middle-sized system (10 to 100 MY) can involve 10 to
60 UCs

» Bigger systems (banks, insurance companies,
telecommunication, ...) can involve hundreds of UCs

» /Booch 96/: Project of middle complexity: approximately
one dozen of UCs

» [Cockburn 97/: A project of 50 MY with 50 UCs and a
project with 30 MY (18 months of development time) with
200 UCs

» XCTL: 27 KLOC, 10 UCs

XCTL: Use Case Diagram

XCTL

—* ¢ Manual calibration > =-================
. | e
= ! e

-=3

7= ===C_Automatic calibration

overall tuning of Online help
process,

4
picture pras. o
results,

-» (HWEB measurementy =———

== Topography -—
el Diffractometry
: —

AsreM B A includes” B

%_L

i project _oint Couwse on Sofware Engnesring™ -

3.3 Topic 21: Software metrics

41 DAAD project . foint Cowss on Sofware Enginsering” ©

4z

This topic uses the supporting case study to illustrate the application of several software metrics

methods (see slides).

To do:

- Develop several characteristic measurements that can be used to illustrate major measurement

techniques

Case study:
__ Project XCTL

27.000 LOC
in C++
Questions:

1. Where are the problems (too complex)?

2. How good is the implementation?
e.qg. - Degree of OO

- Comments degree

L unknown
\ software

("= Code Review
b ;

=> First overview: Metrics

Measuring XCTL Software

Overview
abs. g, Jalote
LOC (sum of all lines) 27872 100
SLOC (lines with source code) 23415 B4 45-T0%
CLOC (lines of comments) 1668 6 15-25%
S&CLOC (lines with code and comment) 423 1.5
BLOC {empty lines) 2366 85 15-30%
=

DAAD project . foint Cowss on Software Enginsering” ©

Measuring XCTL Software

&7 DAAD project . Joint Cowrse on Software Enginearing” ©

LOC-Metrics [sorted by LOC)

[Program: XCTL
Unit Hame

ThngleControl: :0lg_OnCommand (HWHD *.int , HWHD

nl (Loc) SLOC

Language elements number LOC %
#define 665 T30 3
Units (functions, methods) 1061 21136 75
= Global functions 140 2805 a0
Classes 80 (103)
- asbtract [ 0
- "C-Structs,, 18
- just declared classes 5
= Global variables 237 - -
t—» Global constants 162 - -
Enumerations 25 (195 symbols)
- ok
| Imperative style ..but
ge size of f 20 lines details?

. unsigned_ 296 242
TSteering::ParsingCmd (TCmdTag_&,char_®,char_*,char_*,char_#) 286 217
TPlotData: :DrawCoordinateSystem(HDC___ *) 284 270
TTopography ::Dlg (HWND___*,int HWHD__ * unsi 272 235
DoCommandsFrame (HWND___*,unsigned_int,Tong) 246 196
TAreascan::CounterSetRequest (long) 238 206
TCalibrate: :Dlg OnCommand (HWND___ *.int HWND___ *,unsigned int 229 203
DoCommandsChild (THDIWindow_* HWHD___ *,unsigned_int, long) 215 163
TAreaScan::InitializeDlg{unsigned_int,long) 206 188
THBi tmapSouw tiGenerateRLBL tmap () 163 143
TAreascan: File {int} 15% 146
TAreascan::InitializeTask {unsigned_int, leng) 155 139
TSetupAreaScan::Dlg OnCommand (HWHD_ *,int, HWHD__ * unsigned 153 138
TCalibratePsd: :Dlg_OnCommand (HWHD___*,int HWND__ *, unsigned_ 151 137
TAreaScan: : LoadMeasurementInfo (int) 148 138
Thotor::Initialize() 143 135
TBraun_Psd: :PsdReadout (THowReadOutPsd) 141 123
tr_message(int, int,int unsigned char_* int) 140 72
TAreasScan::LoadOldData (int) 140 127
FrameWndProc (WWHD__ *,unsigned_int,unsigned_int,long) 140 111
FrameWndProc (HWHD__*, unsigned int, unsigned_int, long) 140 111
TAmSE13a; : I0CTL (TTO0CMd, unsignad_leng_&) 139 118
rc_message (int.int,int,unsigned char_*.int.int_*) 138 71
@::0lg ! (HWHD___ %, int,HWHD___ *, unsigned 133 117
getinf (int,int,int, double_*, unsigned long_*) 132 76
TScanCmd: :TScanCmd (TCmdTag) 117 73
wWndProc (HWND__ *,unsigned_int,unsigned_int,long) 115 23
TBi 1 10T awh A (HDC ") 113 103

DAAD project . foint Cowss on Software Enginsering” ©
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Unit complexities (al,

Unit complexities {sorted by via) ) Program: XCTL
Program: XCTL Onit Hame wiG) av(G)
Unit Hame viG} L2 S (et
5 ke dlhaluustopll 1 o
g ParsingCmd = g_&,char_*,chac_#, char_*.char_*} 70 24 dsChild (THDIWindow_* HWND _ *, unsigned_int,long) 43 i —
_int, Long) 55 1 = _u.mrn_mwn *, uRsigned Int, long) 55 1 -
TAreaScan: : CounterSetRequest (long) 45 10 DoPaint (HWND___ %) Lo 50
TCalibrate: :Dlg_OnCommand (HWND___*,int, HWHD___* unsigned_int 45 20
TangleControl: :Dlg_OnCommand (WWND___*,int,HWHD___ *, unsigned_ 45 ] FileSave (char_#,chac_* .char_%, char | nl 5 3
e-mm-c‘hu.ammnd.eu =, HWHD___*, unsigned_int, long) 43 4 (Runo___7, 1 in _int,long) E 13
g: :Parsi Raw 38 1 GetcFile() 1 1
Dlg ¢ d (HWHD___ *, int HWHND___* unsi 38 7 il eitats
1} 1 1
naisr: “"i"w“ "’h“ '1_,,‘”.“] :: g: GetFileLine {int,char_*, int) 3 7
THotor::Initialize() az 1 GREEKARSHAGALS [} 1 1
TAreascan::SaveFile (int} E 17 FileSave (char #*, char_* char_*, char_*) 5 1
(HWHD___ *, igned_int, i d_int,lengl a 12 D : d_intT uniipod int, long) a0 13
'rPJ.etqu ancoord:natosyltm(rlbc ) 30 1 GetCFile () 1 1
TBL tmapSource: :GenerateRLBL tmap () EL) 13
s e sucee e e e Lk
TAreascan: : LoadOldData (int) 26 19 i o (unsign: nt,int,in
TAreascan :: InitializeDlg{unsigned_int, long) a8 5 Inquirelntensity A917 (unsigned Int,. unnqn.d int,unsigned lon 2 1
THain: :TMain () LH i maxl (Long, Lon
) 2 1
MenuSelect (HWHD___* unsigned_int, long) 28 1 1. ; d_int, 1 25 <«
TAreascan: Iutﬁizo‘l‘utlunuuﬂld int, long) 25 11 m:::ﬁmzﬁ: ) et '!‘._
::blg (HWHD___ *,int, BWMD__ * unsigned 25 & =
WndProc (HWND___ *,unsigned_int,unsigned_int,long] 25 4 mGatDistance (double_&) 3 1
TCali sd:blg ¢ {(MWHD___ #, Int HWND__ *,unsigned_ 23 1 mGetDistanceProcess () 1 3
TSetupAreaScan::Dlg_OnCommand (HWHD__ #,int, MWND__ * unsigned 23 5 xw\m:i.nhlliuda ] : }
TS ‘Loadbieas Info (i 22 - tHovescan
Tl::m surementInfo{int}) ot 4 %i‘ T (— g::g‘?u“" : 1. .(—-
tmap(int,int,int unsigned 21 5
ALuirEadt Teadisao (THowReadou tPsd) 15 3 e tOnitTyre i) 3 2
DAAD project Softy o L T WD'-'"-" Softy o € 72
M t results (graphical summary and evaluation) Scatterplot
Cummulative Histogramm of most important complexity metrics (relation between v(G) and ev(G), reliability and maintainability)
100% \\ | - T
o . - n ek .
allG) I%E_ 2858 e Larger circle (in coordinate (v, ev)) -
£ . R more functions have that value
0 I
e IV [109 functions counted as .negative’ (11.4%) |
»
- E-) manual insp o\ |
1o %
i
ToR
% 1© + -
— £
o (T\
-Ig{_ = A0 60 &0
o ot ﬁ
' (1)
! num. |p num. |p
rolablo . unelatie : unmaintainable] 31|  2.9% 41| 38%
» How many % of functions go over metric values 7 i (10) Interpretationas .. — T o
Special values are put as limits on the x linate. Considering each of b %) .
between 7 and 9 % (65-85) of units have bad values ooncesning fixed limits reliable unreliable
DAAD project Softy L 73 DAAD project Softy o L T4
Manual inspection: Manualin i
High metric values really a problem (1)? High metric values really a problem (2)?
Module Kemplesinates [aiphabataseh, vigheld, sviai= |
"
sl
W senbee
bad
Unit complexity (alphabetic, vig)>10, ev(G)>d )
ad Progeam: XCTL
Onit Hame vi(G) evi(G) good?
bad e e S
bad details FrameWndProc (WWHD__ * unsigned _int,unsigned_int,long) a0 13 bad
next slide - switch in switch
somo  / [EEEESEEEEES = if,while exit only with break or return
20-40 init_b(unsigned char * unsigned_int int int) 1z 11 bad
good ] = gingle if with return,
5050 - while with if's, exit from if with return or break
geod SetFPOnData (int) 18 17 bad
- gotos from the loop
faod : long) 45 10 bad
good = if nested
aond - switch with only one case
TCurve::DeleteFlanks () 14 12 ok
L = label without goto
050
so-s0 19 times good 10 times
L 75 DAAD project Softy e 75




Scatterplot :
readability” in quadrant v(G) > 10 and ev(G) > 4 0O-Metrics (1) itatiancelise |-\

(unreadable and unmaintainable) Children’
ok 10 e TMList Parsingfxis(char®) v Ciaye Metrice Summa
d oy
B between: 19x ex.. TBraun_Psd::Psdinit{} v ev iv : Program: ICTL
3‘ @ bad: 12x ex. TC_S12|SA..EXQCLH€CMG{CI‘|3F ]\I'QM ud Class Hame sum vI(G) avg v(G) max vI(G) max ev(G) HOC Depth
" TAbout & 1.50 2 a5 o 2
- TAdjustmentExecute 33 471 17 1 o 2
ThdjustmentParameter 1 i 1 ;5 o ik
- * ThdjustmentWindow 14 1.27 2 1 o 3
% L < ThAngleControl 16 8.44 45 6 o 2
19 . TAreaScan 307 8.52 45 30 L] 3
.‘ * TAreaScanCmd 10 2 3 1 o 2
14 " i TArsaScanParameters 11 5.50 10 1 1 1
= r TBraun_Psd 105 5.83 19 15 o 3
sl B* @ P TBurleigh 1 1 1 1 o 3
s " o oy TCalculatecsd ] 4.50 7 i o z
b sl Tcalibrate € 2 45 20 oz
10 20 0 40 P m =0 TCalibratePsd 45 5 23 4 [ 2
G TchoosehxisCmd s 2.50 3 1 o 2
- — — Tch d 2 4 s 1 ] 2
v Par ly bad repr are not ly TChooseScan 1 2.33 7 1 0z
with highest complexity values
(but they are over limit values)
DAAD project Sofy € i DAAD project Sofy €

0O-Metrics (2) 0O0-Metrics (3)

Response of Mumber of Lack of
class methads coupling I—\ cohesion
Al

Class Hame RFC WHC REFC-WMC CBO Class Hame LOCH Parents e 1d
Tabout 10 4 6 EI ThAbout o 1 o o FALSE
TAdjustmentExecute 13 6 TAdjustmentExecute 73 1 L] FALSE
TAdjustmentParameterl o TAdjustmentParameter 0 L} o 100 FALSE
TAdjustmentiindow 61 13 a8 7 Thdjus tmen tWindow 87 L [} o FALSE
TAngleControl 13 ] 1 TAngleControl 63 i ] (] FALSE
Thass 7 34 TAreascan 90 2 ° 1 FALSE
et = = o . TAreaScanCed :4 : : (] 2 FALSE

TAreaScanParameters 51 10 FALSE
TAseASCANE ALSSLEIS 2 2 g & TBraun_Psd [ 4 ] 1 FALSE
TBrawn Pad &4 13 1% 12 TBurleigh 100 3 o o FALSE
TBurleigh 42 L 43 1 Tealculatecmd o 1 o o FALSE
TCaloulatecmd 15 2 13 1 Tcalibrate 59 : 0 ° FALSE
TCcalibrate 12 7 5 2 Tcalibratepsd 15 4 o o FALSE
TcalibratePsd 13 9 4 3 TChoosehxi sCmd 0 1 o 0 FALSE
TChooseAxi sCmd 15 2 13 1 TChooseDevicecmd o ct o o FALSE
TChooseDeviceCtmd 15 2 13 1 TchooseScan 56 1 ] (] FALSE
TChooseScan 16 6 10 4




OO-Metrics

0O-Metrics

Inheritance hierarchy Scatterplot
o i P Relation befy ge cyclomatic ity and the numbers of method:
® ol implemented in a class
g » Average cyclomatic
L] complexity of classes is ok
a0 @(2)
(-] " (only (1) problem)
il ° o » Partly, very big classes (big
i e <] 2 WMC - number of
0 o methods)
i n
LN H 96@ 2%, ; example: (2)
Bt i st e Trow JI00 ) Mamber of Parerds F aning % % 90 :
» 18 different inheritance hierarchies (number of roots) oo » Guideline:
» 4 of these consists only of one class (18 roots minus 14 classes that have more than 0 i na more than
children) 10 methods
» Mostly only 2-step hierarchy
»  Mulfiple inheritance is moderately used: ] i 4 B 8 w17 o
TGenericDevice, TAreaScan, TScan mhAGH
b 2very large reas: THodalDlg :24 children) and TCmd (16 children) — the biggest tree
is for impl of face
L3
Joint Cowse on Softy a1 Joint Cowse on Softy [7]

»Class complexity*
Histogram sum(v(G))

PR iR EREOGE

»Class complexity*
Histogram avg(v(G))
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average cyclomatic complexity: ok
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3.4 Topic 23: Reverse engineering

Joint Cowse on Soly 84

This topic uses supporting case study to show a realistic process of a reverse engineering.

To do:

- Develop (or simulate) a similar process to be shown to students.

Slides are used in two ways in the lecture.

Slides illustrating wrapping and giving overview of used tools.

Wrapping:
(of legacy systems)
original state with wrapper example: XCTL
legacy system legacy system Motor*
(part of) (part of) package
00 interface Motor class
(class)
f f
rest of rest of rest of
system system system
e.g. new:
- hidden attributes

» Advantage (Wrapping):
+ retain legacy code
+ use tested functionality of the legacy system
+ Migration to OO world: Usable by OO programs

- problem criented operations

Motor
R Pk Eixample:
e Ll Motor.& ase-
- minPos: PositionType Interface

- maxPos: PositionType
- aufloesung: PositionType
- minGeschwindigkeit SpeedType
- maxGeschwindigkeit SpeedType
- minSchritt: PositionType
itt PositionType
inBawegung(). boolsan
direktBatrieb (SollPosition: PositionType, Gi indi |
schrittBetrieb(Richtung: Rachtungstype Schrittweite: Posman'rypel

Type, SpeedType)
fahrBetriabStop()
relativeMullSetzen()
relativeMNullAutheben()
gettstPosition(): PositionType
Motor{massEinheit MassType, maxPos: PositicnType, minPos; PositionType,
aufloesung: PositionType, minSchiitt PositionType, maxSchritt: PositionType,
minGeschwindigkeit: SpeedType, maxGeschwindigkeit: SpesdType)
PositionType = double / SpeedType = double

of Baizert, Vol 2.p 069 64 seon

Type = anum {inks, rechts ) / MassType = enum Grad, |

English version; Dragan Bojic, Linkv, of Esigrade, Sowce: K. Bothe, Humboldt University, Esrlin 2%

English version; Dragan Bojic, Linkv, of Esigrade, Sowce: K. Bothe, Humboldt University, Esrlin Fo
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Reverse Engineering Tools
actual use in XCTL project

Borland C++ \/\/

SNiFF+ A/

ParadigmPlus \/

McCabe Toolset v/

Rational Rose 7

Bauhaus
v Together/Professional 7

URCA

Kapsul-Tool 7

Renaissance System?

\/\/ used

\,/ partially used \% not usable ? not surveyed

English version; Dragan Bojic, Univ, of Belgrade, Source; K. Bothe, Humboldt University, Berin 44

Slides illustrating the whole process of reverse engineering, incl. history.

Emails with a physicist
First inquiry by the physicist (25.06.98) (1)

Dear Mr. Bothe,

| turn to you with an appeal for an advice. We are an
experimental working group at an Institute for
physics. In our laboratory there are approximately
10 computers, which steer Roentgen-diffraction
meter. Some years ago an engineer wrote a
program (C++) for Windows 3.1, which is used to
control nearly all these devices. This program
communicates with different Motor and detector
controlling cards. Unfortunately, the hardware
control is to a large extent hidden in a very large
DLL, and the program code altogether is not very
clear.

Emails with a physicist
First inquiry by the physicist (25.06.98) (2)

My questions are now the following:

» Could you or one of your colleagues advise us, as
how could we best come to a tidy software basis
for the future, which we ourselves can maintain at
bearable expenditure.

» An ideal version (as we see it): perhaps the
problem of control and adjustment is interesting
enough for you also, in order to assign it as topic
of a diploma thesis.

Yours sincerely,

Rolf Koehler

English version: Cragan Bojic. Uiniv. of Belgrade. Sowce: K. Eothe. Humboldt University. Berlin 45

Questions

J Should the order b

- ! o
[ Which problems
should be
clarified first?

English varsion; Dragan Eaofic. Univ. of Belgrade, Source: K. othe, Humboldt University, Berin 4

Emails with a physicist
Further inquiries on our part (29.06.98)

Dear Mr. Koehler...
To achieve a clear view, | have several questions:
»  Isthe . who the prog
¥ How well is the program di ted and/or ted?
»  How large is the program (in lines of C++ source code)?
r s Iil grounded on some special design method, e.g. with the help of the
object-oriented approach?
» Do you expect the existing program to be restructured (reorganized) or a
new one developed?
»  Which concrete problems do you have with the existing program: error
correction, extension, porting on other computers...?
»  Which C++ and/or which C++ compiler was the basis for development?
+  How urgent is the work?
¥ Who will take care of the program in the fulure, and with which goal {e.g.
larger extensions planned)?
Yours sincerely,
Klaus Bothe

still there?

English version: Cragan Bojic. Uiniv. of Belgrade. Sowce: K. Eothe. Humboldt University. Berlin 48

English version; Dragan Bojic, Univ, of Belgrade, Source; K. Bothe, Humboldt University, Berin 4
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Emails with a physicist
Answers to the further inquiries (01.07.98) (1)

Emails with a physicist
Answers to the further inquiries (01.07.98) (2)

| Dear Mr. Bothe...
1. Is the engineer, who developed the program, still there?

| 2. How well is the prog

Unfortunately no, but he could be t
necessary.

1 by email or teleph if
ted and/or 1 ‘?

A former coworker, who studied in the time technical inf tics at a
higher craft school, was so nice to look after the program. According to his
statement the program is sufficiently commented. The interfaces of DLLs
are de The prog is already d d using object-ori
approach, but it is not structured well. In particular, the aocass to the
hardware is bundled together with many other functions in a very large DLL
(also with some el of the user interf

| 3. How large is the program (in lines of C++ source code)?

The source code consists of 30-40 files with the average size of 20kBytes
each.

| 4. Is it grounded on some special design method, e.g. with the help of the object-

oriented approach?

See above. According to statement of the menﬂonad former coworker only
object-oriented el ts were later il

| 5. Do you expect the existing program to be restructured (reorganized) or

a new one developed?

It will be probably inevitable to restructure the program completely. |
cannot say, to what extent parts of it are further usable. At least one
must recognize for a part of the hardware, how it is stimulated. Even
this relief is not probably entirely applicable, since it functions
completely by polling, and possibly the use of hardware interrupts in
individual places is more meaningful. The programs are not time-
critical. So far Windows 3.1 is installed on all measuring computers
concerned. Upgrading computers so that Windows NT can be used is
practically ruled out for now. Since you can hardly still assign a
programming for Windows 3.1 as a task, we could imagine the use of
Linux, since it has smaller hardware requirements.

English version; Dragan Bojic. Linkv, of Eslgrade, Sowce: K. Bothe, Humboldt University, Earlin

Emails with a physicist
Answers to the further inquiries (01.07.98) (3)

| B. Which concrete problems do you have with the existing program: efror comection,

extension, porting on other computers..?

| There are the following problem fields:

1.Instability: partly with certain actions, partly-completely coincidentally the program falls off,

Error: Even essential things appear, e.g. a responding of end position switches is not
always reliably recognized, and has already led to conditions that endangered the
mechanics. However, we cannot completely exclude, if that has to do also with the
used control cards.

2 Reprasentation of measurement results: Amaong other things a linear position-sensitive

| 3. Extension: The used motor control cards are no more p

detector is used (with multi channel analyzer). The data are stored as two-
dimensional field. For the evaluation of the ag

is necessary after a coordinate transformation (skew, curved Ines} ‘fhat is at present
realized using a pseudo-colored bitmap. In principle, it is sufficient. but the
transformation does not turn out correctly, and the displayed bitmap is not satisfying
{ne "solid’ bitmap, color coding is uncomfortable and not flexible encugh).

1. it would be ily
to take their successors into account. Further we must soon consider a new type of
detector, which captures data in 1-or perhaps even in two-dimensions.

| We do not see a possibility to switch to another type of computer, but to use the existing

PCs further on,

English version; Dragan Bojic. Linkv, of Eslgrade, Sowce: K. Bothe, Humboldt University, Earlin

Emails with a physicist
Answers to the further inquiries (01.07.98) (4)

| 7. Which C++ and/or which C++ compiler was the basis for development?

BorlandC++, lasl version 4.52.

| 8. How urgent is the work?

T within 12 hs is ad

| 9. Who will take care of the program in t!;e future, and with which goal (e.g. larger

extensions planned)?

That is a difficult question. Naturally, it would be outstanding, if we could get
external support to it. Since that is not guaranteed, it would be nice, if those
parts, which concern the pure flow control, are sufficiently isclated to be
anerabre without deeper knovdedge of the entire program. Then our

and/or our {wﬂhoul g in pi og ing)
could adapt the program to Iasks An i tion of new
hardware in the same way is sureiy not ible. H . we will probably

have 2 new detectors, whose mlaglailun could flow if necessary into the
task in the next months. Likewise we would like to buy a new motor control
card, so that can be likewise directly considered. | would be very grateful, if
you could actually support us concerning the program.

| Yours sincerely Rolf Koehler

English version; Dragan Bojic. Linkv, of Eslgrade, Sowce: K. Bothe, Humboldt University, Earlin

RTK Project: found situation (1)

52

.

» Program sources:

46 files: sizes of 91 - 33770 LOC (.cpp Files)

A few usable comments

Files:

not always problem adequately (logically) arranged
partly bad layout (formatting)

Identifiers formed uniformly in the same style (well!)
Inadequacies in details:

e.g. switch with a single case ...

,Dead Code"

90 functions (implemented - not called)

7 classes / 4 structures (declared — not used)

English version; Dragan Bojic. Linkv, of Eslgrade, Sowce: K. Bothe, Humboldt University, Earlin

RTK Project: found situation (2)

. » SW architecture (paradigm):

Mixture of-procedural and object-oriented parts (C/C++)
object-oriented approach well (user interface among other
things.)

» User interface not ergonomic

= Arrangement of the elements of a window

» None of the following documents:

Product requirement specifications, SW architecture, user
manual, test documentation, program documentation

» Programmer no more ,in place’

Physicist (esp. one) co-operation-friendly

English version; Dragan Bojic, Linkv, of Esigrade, Sowce: K. Bothe, Humboldt University, Earlin

54

English version; Dragan Bojic, Linkv, of Esigrade, Sowce: K. Bothe, Humboldt University, Earlin
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Multi-term Project: Organization

Multi-term Project: Statistics

Side Entrance Side Entrance Entrance Entrance
Entrance Project E Project Praject Project
Ei c Conti [e Ce i
Project Project Project Project Project
1. Term 2. Term 3. Term 4. Term 5, Term... —
1. Term 2 Term 3. Term 4. Semester 5 Term i
(WS 98/99) (S5 99) (WS 99/00) (S5 00} (WS 00/01)
= Total number of Students 9+1+9+1+18 = 38
Englsh version: Dragan Bojic. Univ, of Belgrade, Sowce: K. Bothe, Humboldh University, Berin 56 Englshversion; Dragan Bojic, Univ, of Belgrade, Souce: K. Bothe, Humboldt Universty, Berin 5
Decomposition into tasks: Starting situation Use Case Diagram
XCTL

QX)/ a4 ’ﬂ?"ﬁ\%
o 27.000 LOC:
% f 45 Files with:

includes: 158 macros: 639
functions: 30 variables: 562
\_ types: 74 enums: 25-
7~ classes: 98
( instance vars: 578

- instance methods: 457

-3

Topography -—
Diffractometry

—

Aulomatu: calibration

plctuie pres. o overall tuning of
K‘E onlma help

—* ¢ Manual calibration ) ================-= > (HWB measurementy =———

)

1

$_L
A=nEENIE A includes” B

Al

English version: Dragan Eojic. Unhv, of Balgrade, Sowrce: K. Bothe, Humboldt University, Berlin 58

English version: Dragan Bojic. Univ, of Balgrade, Sowrce: K. Bothe, Humboldt University, Berlin
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Decomposition into Tasks:

roject Organisatio
phases-/roles- vs. problem-oriented Broj S vapeioniin

(Project infrastructure)

Partial problems e
{use cases) B xXcTL- Email
Steering  Steering Diffrac-/Reflec- - Old system groups
Phases/Roles Motors Detectors  Topography tometry -,
Requirements Pro:'_ect
At - meetings
Definition . Veision /
Design (SW- Problem-oriented management: [<—— Members
Architecture) decomposition cvs A
into tasks
Program / Protocols
Understanding l l : |egl‘:(’eﬁ |:|
—— + talks
Restructuring Web-repository: =
- all documents "
Test Role-oriented ¥
Metrics decomposition into tasks User
(Physicist)
English version; Dragan Bojic. Univ. of Belgrade, Sowce: K. Eothe, Humboldt University, Berfin &0 English version; Dragan Bojic. Univ. of Belgrade, Sowce: K. Eothe, Humboldt University, Berfin (1]
Project activities: Reverse Engineering Current State
@ End user Use Case
‘ interface Y7777 I_Eﬂm Diagram
Physicist: : Behavioral
o e Requreens i (> 100 e S o0 pecou)
understanding specification Fre==aa errors) ( pag
Use Cases | 1 | XCTL Architectural
i old system descripti
i ! SErpRen

: Architecture:
battom-up comprehension - -
Progiam’ of subsystems 7 New functionality:
understanding

+ automatic

] 5 - R | Test cases Tl
i (functional) assigning i “Code analysis ™, and sitomaliz calibration
i e oo o peystems 0 o i (statidyn,) .- e Environment « graphical
4 Ty e =T - i i 3
Sraine o B | Codesiugres T (under s;mlaot::n p:::::ffe'::eﬂ data
[T o 'y
i e construction) detectors) e
English version: Dragan Eojic. Univ. of Bsigrade, Souece: K_ Eothe. Humbolch Universty. Eerin 62 English version: Dragan Eojic, Univ. of Belgrads, Source: K. Eothe, Humboldh Unfversty, Berlin &

3.5 Summary

Activities in building a new supporting case study should be summarized as follows (this is only
an approximation — for full description, you should nevertheless read the whole text).

To replace the existing case study with the new one, one should replace about 33 slides in
the lecture.

A supporting case study can be developed either to replace XCTL (mainly in topics on
software metrics and reverse engineering) or to illustrate other important aspects of software
development.
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4 Possible further extensions

This section lists possibilities to further include the main case study into the lecture’s topics.

Topics

Currently

Possibilities to
include
also in

. What is software engineering

. Quality criteria for software products

. Software process models

. Basic concepts for software development documents

. Results of the “analysis and definition” phase

. Cost estimation

. Function-oriented view

. Data-oriented view

OR[N [n|h([W|N|—

. Rule-oriented view

. Structured analysis

—_| —
—_— O

. State-oriented view

—_
[\

. Scenario-oriented view

13. Object-oriented analysis

LSRN LSS L S L LW LN L.

14. Formal software specification and program verification

15. Overview of design activities

16. Structured design

17. Object-oriented design

|

18. Implementation

19. Systematic testing

20. Functional testing

21. Software metrics

<<l

22. Maintenance

23. Reverse engineering

24. Quality of software development process and its
standardization

25. Introduction to software ergonomics

26. User manuals

27. Project management

28. Configuration and version management

Assignment 1 — review of requirements specification
document

Assignment 2 — cost estimation

Assignment 3 — review of the product model according to
structured analysis

Assignment 4 — derive a use case and class diagram for a new
software specification

Assignment 5 — derive a formal specification for a new
software subsystem

Assignment 6 — apply regression testing tool to a new small
example program

Assignment 7 — build a classification tree for one use case

Assignment 8 — apply some software metric tools to a new
software
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