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There are three (3) types of questions in this examination.

Part 1 | Multiple choice and simple answers 12 marks
Part 2 | Short development questions 36 marks
Part 3 | Problem solving 8 6 marks
Total 56 54 marks
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other side of the pages to continue.

Annex A: The Daemon-Game specification in SDL
Annex B: Algorithm 3.3 (Thompson)
Annex C: Telelogic TAU graphical UML notation
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Multiple choice and short-answer questions [2 marks each]:

1. Which of the following statements is correct ?
1. Validation is an activity to determine 2. Verification is an activity to determine

whether a system conforms to its whether a system satisfies the
specification. requirements of the users and
owners.
3. X Process quality corresponds to the 4. Process quality and system quality
conformance between the system are two different terms that have
and the defined requirements. essentially the same meaning.

2. What value does the predefined SDL variable PARENT contain ? - Give a short
answer !
Answer: It contains a reference to the process that created the current
process (self)

3. What value does the predefined SDL variable SENDER contain ? - Give a short
answer !
Answer: It contains a reference to the process that sent the message that is
being processed by the current transition.

4. Explain in a few words why one can say that the Daemon-Game specification given
in Annex A uses the factory design pattern. What is the pattern ? — How is it used ?
Answer: The pattern involves the factory object instance that has a method for

creating instances of another type of objects. — In the Daemon-Game, the Monitor

plays the role of the factory, and the Game processes are created.

5. Which of the following is not in the set of strings denoted by the regular expression
(a* b C*)*
a) abc b) X bacc
c) abcbc d) babbc

6. Which of the following defines a language different than the others ?
a. The regular expression (a|b)*abc
b. The regular expression (a* b*)*a b c
c. X The regular expression (a | b) (a| b)*c
d. The accepting automaton below
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Short development questions

7. [4 marks] Write down a regular expression that defines the regular language
accepted by the following automaton:

Answer: (ac*b | c)a*

8. [8 marks] Closely follow the algorithm of Thomson (see Algorithm 3.3 in Appendix A
if needed) to construct a non-deterministic automaton that accepts the language
defined by the regular expression “ab*(c|bb)* *
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9. [4 marks] Write a regular expression that represents the hundred years up to 2005,
that is, the numbers between 1906 and 2005 (inclusively).

Answer: 19(0(6|7| 8] 9) | digitl (O | digitl) | 200(0]1]2|3|4]|5)
where digitl=1| 2| 3| 4| 5| 6| 7] 8] 9

10.[8 marks] Closely follow the algorithm discussed in class to convert the following
non-deterministic automaton into an equivalent deterministic automaton. Note: The
minimization of the deterministic automaton is not asked for here.

Please note: The subset {3, 4} represents a different state in the
deterministic automaton than the subset {4}, even if the latter is included in
the former.
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11. [4 marks] Find the minimal automaton equivalent to the following automaton.

12.[8 marks] The SDL specification of the Daemon-Game example is given in Annex A.
Please draw a sequence diagram that represents the interactions between the user
and the Daemon-Game when the user starts a new game and terminates the
session after having sent a single Probe signal that lets the user win. The sequence
diagram should show vertical lines for the user, the Monitor and Game processes
and the Daemon that communicates with the Monitor through the Daemonserver

interface.
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Problem Solving

13. [8 marks] [l did not find this question very clear. Therefore | have reduced the

number of points from 8 to 6] A simple coin change machine works as follows: The user enters a one-
dollar coin (EC) then pushes one of the buttons prepare-small-change (PSC) or prepare-big-change (PBC). If
PSC was pushed that machine prepares 2 25-cent coins and 5 10-cent coins, in the other case, it prepares 4 25-
cent coins. The machine contains two dispenser components, one for 25-cent coins and one for 10-cent coins.
The change is first assembled in a box that is closed. When the change is assembled, the user may open the
box (OB) and take out the change. Then the user has to close the box (CB) and the machine goes back into its
initial state.

(a) Please make a model, in the form of an LTS drawn as a state diagram, of the behavior of the control
component of the change machine. This component communicates with the user through the interactions EC,
PSC, PBC, OB, CB, and with the dispenser components through appropriate interactions. You should define the
interface with the dispenser components and give an LTS which models the behavior of the controller.

(b) Explain in a few words what kind of changes are required in the behavior model in order to include the
possibility that the user cancels the operation and gets his original one-dollar coin back.

The following are two good solutions, one using the LTS notation, the other
using the UML-SDL notation.
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Annex A: The Daemon-Game specification in SDL

SYSTEM Dacmongame 1(1)

/* This system is a game having any number of players. The players belong to
the environment of the system. A “dacmon” in the environment of the system
sends Bump signals ram;om]y 10 the sysiem. A player has to gucss whether the
number of the Bumglsignals reccived by the sysiem is odd or even. The guess is
made by sending a Probe signal to the system. The system replies by the signal
Win if the number of the received Bump signals is odd, otherwise by the signal
Lose.

The system keeps rrack of the score of each player. A p]agcr can ask for the current
value of his score by the signal Result, which is answered by the sysiem with the
signal Score.

Before a player can stan playing, he must log in. This is accomplished by the
signal Newgame. A playcr logs out by the signal Endgame.  */

SIGNAL Newgame, Probe, Result, Endgame, Gameid, Win, Lose,
Score(Inieger), Bump;

Blockgame

Newgame, | | -
Probe,

Result, L
Endgame

Dacmonserver
—
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PROCESS Monitor

/* This process registers new players, creates a Game
process for cach of them, and disributes Bump
signals 10 all the Game processes. If a registered player
mries 10 “log in”, then no action is taken, Note that no
record is kept for the coupling berween a player and the
corresponding Game process. */
DCL player, /*The identity of the co ing player
is stored temporarily in this vaniable*/ game Pld;
DCL userset, /*Keeps record of te players /*
gameset, /*Keeps record of the Game processes */
copygameset Pidset;
MACRO Datarypedef;

1(1)

Gameover
(player)

Newgame

Ewli

usersel i=
Del(player, userset)

amesel ;=
Ekl(SENDER. gameset),

copygamesel
1= gameset

Game
(SENDER)

gameset),
usersel :=

IncI(SENDER, userset)

/* The hyphen in the nextstate
symbol means return 1o the
same state (Idle in this case). */

| ( - )
gamesel ;=
IncI(OFFSPRING,

copygameset :=
Del(gamc,
copygameset)

| —

Fig. 20. Process Monsor.

PROCESS Game
FPAR player Pld

/*This process is creaied for a new
player, and Lakes care of the rest of
the game session. The identity of the
player is given as the formal parameter
player . When a player “logs out”, the
Monitor process must be informed
(in order not 1o send Bump signals w
the process) before the process can
f o

1(1)

Gameid
TO player

DCL coumnt Integer :=0;
/* Counter 1o keep
track of score */

Probe

Lose
TO player

count :=
count - 1

[ The asterisk in the D

state symbol means
any state except those

Bump

indicated. */
> Result

Score{count
TO player

ai
G

Page 9 of 12




Annex B: Algorithm 3.3 (Thompson)

« First parse r into its constituent
subexpressions.

+ Construct NFA’s for each of the basic
symbols in r.
— fore

start 7 €
=)

. start 7 od gy
—forainY —— i —=/1)

+ For the regular + For the regular
expression s|7, expression st,
( ) NGs) (
€ - A€
start —. —— S
—={i) ()
e & e
v
* For the regular * For the parenthesized
expression s*, regular expression (s),
e use NV(s) itself as the

NFA.

Every time we construct a new state, we give it a distinct name.
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Composite Structure Diagram

Part with Port

Connector line

7J.in|._ terfaced

Implicit connection with Interfaces

Annex C: Telelogic TAU graphical UML notation
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Activity Diagram
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State Machine Diagram

W Start transition

sat Timael = nawtl0;
TimaVael=nawt20;

data_typs Vael;
data_typs Vapld=2;

Tima TimeWael;

Variable declarations
with initialization

precanna <

i
1{varl. VarZ)

“ Dacision with answar

=

¥

[ ]

|

rasat Timarl;:
Oparatianl (b

sat Timael;

Transition-criented  State-oriented

2o
oecD
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| * Sigralk

ﬂo Guard
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