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VL 11

VL 12

PVLB

VL14

e Introduction and Vocabulary

e Principles of Design

modularity

separation of concerns

information hiding and data encapsulation
abstract data types, object orientation

e Software Modelling

(i)
()
(i)

)

(iv

views and viewpoints, the 4+1 view
model-driven/-based software engineering
Unified Modelling Language (UML)
modelling structure

a) (simplified) class diagrams

b) (simplified) object diagrams

c) (simplified) object constraint logic (OCL)
modelling behaviour

a) communicating finite automata f Ex.1/2
b) Uppaal query language

c) implementing CFA

d) an outlook on UML State Machines

VL15 o Design Patterns

o Testing: Introduction "S . 3
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Content
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e Communicating Finite Automata (CFA)

—(e concrete and abstract syntax,
—e networks of CFA,

—e operational semantics.

e Transition Sequences
e Deadlock, Reachability
e Uppaal

—e tool demo (simulator),
—e query language,
e CFA model-checking.

e CFA at Work

—e drive to configuration,

(e scenarios,
(e INnvariants,

—e tool demo (verifier).

e CFA vs. Software
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Communicating Finite Automata
presentation follows (Olderog and Dierks, 2008)
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Channel Names and Actions

-13-2016-06-27 - Scfa -

To define communicating finite automata, we need the following sets of symbols:

o Aset (a,b €) Chan of channel names or channels.

e For each channel a € Chan, two visible actions:
a? and a! denote input and output on the channel (a?, a! ¢ Chan).

o 7 ¢ Chan represents an internal action, not visible from outside.

o (a,B €)Act :={a?|a € Chan} U {a! | a € Chan} U {7} is the set of actions.

e Analphabet B is a set of channels, i.e. B C Chan.

o For each alphabet B, we define the corresponding action set
Bn:={a?|a€e B}U{a!l|a € B}U{r}.

Note: Chan, = Act.

5/42



Integer Variables and Expressions, Resets
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o Let (v,w €) V be a set of ((finite domain) integer) variables.

By (p €) ¥(V') we denote the set of integer expressions over V' using function symbols

+,o— ey 20 &,
((N'Vfdhﬁ) C’_mwyza.i

X
v :

V=, veV, ey (V). [// c¥v)

By R(V') we denote the set of all modifications.

e A modificationon v is

e By 7we denote a finite list (r1,...,7,), n € INg, of modifications r; € R(V).

() is the empty list (n = 0). (reset vectrr ) g (W w‘w)

e By R(V)" we denote the set of all such finite lists of modifications.
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Communicating Finite Automata

-13-2016-06-27 - Scfa -

Definition. A communicating finite automaton is a structure
A= (LaBa V7E762n2>

where

o (¢ €) L is afinite set of locations (or control states),
e B C Chan,
e V:aset of data variables,

o ECL X Bz x®(V)x R(V)* x L: afinite set of directed edges such that
- - 1 -_0 p,

L

-
—__- 1 L} . - -

\I P~ e = ™

4, a, g'o,vé, ¢y € ENchan(a) € U = ¢ = true.

Edges (¢, a, o, 7, £") from location £ to ¢’ are labelled with an action «,
a guard ¢, and a list ¥ of modifications.

e /,,; is the initial location.
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Example —
= EP-= )
(ille, WATER?, e tbabledd , 2, wabs_shded ) € £ :-____
k 2
ChOicePanel: water _selected — T}
(simplified) WATER? el

water_enabled

idle SOET,  Soft selected request_sent
/O soft_enabled
O
TEA?
tea_enabled (‘t?“ﬁ"‘é/ ?; "‘f""‘/< 2, M-i&)
tea_selected

|
oK Ve VD
water_enabled := false, N\
soft_enabled := false, half idle
tea_enabled := false -

(kg il 0!, A o _nakded = Ao, >, 2. )
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Operational Semantics of Networks of FCA
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Definition.
Let A; = (Li, Bi, Vi, Ei, bini.i), 1 < i < n, be communicating finite automata.

The operational semantics of the network of FCAC(A4,...,A,)

is the [abelled fransition system
T(C(As,...,An)) = (Conf,Chan U {r}, {2 A € ChanU {r}}, Cini)
where locaian vecdoy bels (nbelled Nacs Ao

relatrons
o V=U_ 1V§’//MU\4 g (e"""e") _

o Conf ={{,v)|¥l; € Li,v:V —2(V)},
o Cini = (Ui, Vini) With v (v) = 0 forallv € V.

The transition relation consists of transitions of the following two types.
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Helpers: Extended Valuations and Effect of Resets
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o v:V — Z(V)isavaluation of the variables,

o Avaluation v of the variables canonically assigns an integer value v ()
to each integer expression p € (V).

o EC (V= 92(V)) x ®(V)is the canonical satisfaction relation
between valuations and integer expressions from & (V). eg. VE %210

Effect of modification » € R(V') on v, denoted by v|r]:

o o v(p),ifa=wv,
gyv[:g)cf]})(a) - {I/(a), otherwise
o Wesetv[(ri,...,rn)] :==v[ri]...[rn] = (((v[r1])[r2]) ... ) [rn]:

That is, modifications are executed sequentially from left to right.

10742
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Operational Semantics of Networks of FCA
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e An internal transition (E, v) 5 (0, V') occurs if thereis i € {1,...,n} and

o thereisa r-edge (ﬁ;;', T,0,7,L;) € E; such that <04, ., ¢, .,8)

° v,
o 7= it = 0 A =

w >0
O—222—50

4 O‘:Dxﬁ—s
\ /

2,05 = (mk) =82 %7” L (nle) 0=l <€,’D"7

\:('@\)
<Qole), x=13>:<8 5

Moye . W |

LE0> =L () )y oxt1> — T L(a)) 22>
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Operational Semantics of Networks of FCA
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o Aninternal transition (¢, ) = (¢, 1) occurs if thereisi € {1,...,n} and
o thereisar-edge (¢;, 7, ¢, 7, £;) € E; such that
o v o “souce valuahon sabifes iwd ‘
o 0 =1[t; := o), “ acmoton. 7 cj/v'ﬂes (o«f'onn"
e v =uffl, Ny is v owodified by T

—

e A synchronisation transition (/, v/) LR (5’, V') occurs if thereare i,j € {1,...,n} withi # j
and

o there are edges (¢;,b!, i, 7, £;) € E; and (¢;,b7,p;,7;,£;) € E; such that
° v piApj,
® Z = [fz = f;][fj = E;],

f) — seuday V)‘JAI‘IfS 7["56

o v =([R)F)

This style of communication is known under the names “rendezvous’, “synchronous’,
“blocking” coommunication (and possibly many others).
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Transition Sequences
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e A transition sequence of C( A1, ..

An)i

<£_E) ) V0> <Z
with L

is any (in)finite sequence of the form
¢
> A2 <f2,1/2>)\—3>...
— L —J

o (Lo, 10) = Cins,

o foralli € IN, there is ~t% in T(C( A, . ..

L Ag)) with (7, 1) 255 (G i),
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Examp le a—_ﬁlﬂ/? WATER? water_selected 10617600-.
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KM

STUDENTENWERID

CT6 0LDENBURG

water_enabled /
réquest_sent

ChoicePanel: idle sopry Soft_selected
(simplified) O soft_enabled o/ i
___*
TEA?

tea_enabled 4\ edée

tea_selected

OK!

L ' () J
water_enabled := false, N\
_+ soft_enabled := false, half_idle
UPJ«!( tea_enabled := false -
User:

C50! . l WATER!
@,

SOFT!

TEA!

(1), %’:4» R (et e), 5215 = L(mys ), :.,>__><(u( €) 50>

,«. N
<(°r/€r-31

ehse: 3‘1«0( 'l?d ~ewaflech net %{"Sﬁfe"( M“o ot ﬂgq/'m/.s 76\/0‘/51 13/42

1\-
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Deadlock, Reachability
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o A configuration (¢, v) of C(A4,...,A,) is called deadlock
if and only if there are no transitions from (¢, v), i.e. if

~(AXE AT, V) € Conf e (£,1) 2 (', 1)).

The network C( A1, ..., .A,) is said to have a deadlock
if and only if there is a configuration (¢, v) which is a deadlock.

reack.able.

o A configuration (7, ) is called reachable (in C(A1, ..., A,))
if and only if there is a transition sequence of the form

(o, v0) 25 (0, 01) 22 (B, v0) 225 . 2% (0 1) = (G, 0).

A location ¢ € L; is called reachable if and only if any configuration (¢, ) with ¢; = £is
reachable, i.e. there exist £ and v such that ¢; = £and (£, ') is reachable.
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Uppaal
(Larsen et al., 1997; Behrmann et al., 2004)
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Tool Demo
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The Uppaal Query Language
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Consider N = C(Ay, ..., A,) over data variables V.

e basic formula:
atom ::= A; .4 | ¢ | deadlock

where ¢ € L, is a location and ¢ an expression over V.
e configuration formulae:

term ::= atom | not term | term and terms

o existential path formulae:

e-formula ::= 3O term (exists finally)
| 30 term (exists globally)
¢ universal path formulae:
a-formula ::= VO term (always finally)
| VO term (always globally)
| termy -> terms (leads to)
e formulae (or queries):
F ::= e-formula | a-formula

17/42



Satisfaction of Uppaal Queries by Configurations
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e The satisfaction relation
({lv) EF
between configurations
vy ={((l1,...,0n),V)

of anetwork C(A;, ..., A,) and formulae F' of the Uppaal logic
is defined inductively as follows:

o (/.v) = deadlock H# LY s a deddlock
o (0,1) = Al iff £ =€

o (L) e iff pe¢

o (0,v) = not term iff <E,p> B fem

o (0,v) |= term and termo iff <e,»)

anol <és,p)1=~AM£

18/42
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Example: Computation Paths vs. Computation Tree

ChoicePanel:

water_selected

WATER?
water_enabled
idle SOFT? soft_/s_e\lected request_sent U
O soft_enabled N ser:
TEA? C50! . l WATER!
tea_enabled <©< coET

tea_selected
E1!
TEA!
OK!
() J

water_enabled := false, N
soft_enabled := false, half idle
tea_enabled := false -

((water_selected, 1), gil ) ((soft_selected, ), ””{gil )
oy | -
((request_sent, 1), %fgg ) ((request_sent, 1), %ggg )

S | -

((half_idle, 1), =i ) ((half_idle, 1), =i )

- 13 -2016-06-27 - Suppaal -
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Example: Computation Paths vs. Computation Tree
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ChoicePanel:

WATER? water_selected

water_enabled

idle soft_selected request_sent
SOFT? _
() .
O soft_enabled N\ User'
TEA? cso! \ | WATER!
tea_enabled >
_ ton selected N '@< SOFT!
L OK! ~ | TEA!
water_enabled := false, N
soft_enabled := false, half_idle
tea_enabled := false -
. =1
((idle, 1), i)
WATER s 20 SOFT
((water_selected, 1), =i ) ((soft_selected, 1), %=1 )
te =0 te =0
|
=1 =1
request_sent, 1), -1 ) ((request_sent, 1), =
te=0 " N TC —

- F—
<@4}, =) ((half_idle, 1), “=1) )

=
=
—J
o
=
L
[—)
—
o

|

HEE =
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Example: Computation Paths vs. .Q\WWPZ :

ChoicePanel:

WATER? water_selected

water_enabled
idle soft_selected
2 —
O SOFT* ~
soft_enabled

request_sent

User:

O/
TEA? cso! \ l ‘ WATER!
tea_enabled >
a tea_selected o ©< sorT
OK! ~ TEA!

water_enabled := false, N

soft_enabled := false, half_idle

tea_enabled := false -

. =1
((idle, 1), %=1 )
<(water_selected7 ), %= > ((soft_selected, 1), =i >
te=20 te=0

\

/

" ((request_sent, 1), g§§£>

g

((half_idle, ), =

O =

> 20/42
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Satisfaction of Uppaal Queries by Configurations
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i~ MM% “w f

Exists finally:
o (lo,v0) = 30 term iff I path & of C staftingin (fo, 1)
Ji € INg 0 &' = term

“some configuration satisfying term is reachable”

Example: (%, o) = 30 ¢

21/42
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Satisfaction of Uppaal Queries by Configurations

- 13 -2016-06-27 - Suppaal -

Exists globally:

o (lo, o) = 30 term iff Jpath ¢ of C starting in (0o, vo)
Vi€ INg el = term

“on some computation path, all configurations satisfy term”

Example: (fo, o) = 30

22/42
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Satisfaction of Uppaal Queries by Configurations
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o Always globally:

o (lo, ) = VO term iff (0o, 10) b~ 30 —term

“not (some configuration satisfying —term is reachable)
or: “all reachable configurations satisfy term”

o Always finally:

o (lo,10) = YO term iff (0o, vo) b= 30 ~term

“not (on some computation path, all configurations satisfy —term)”

or: “on all computation paths, there is a configuration satisfying term”

23/42



Satisfaction of Uppaal Queries by Configurations
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Leads to:
o (lo,10) = termi — terms iff Vpath ¢ of \V startingin (0o, 10) Vie Nge
£ Etermi = &' | VO terme

“on all paths, from each configuration satisfying term 1,
a configuration satifying terms is reachable” (response pattern)

Example: (Zo, Vo) = o1 — @2 .
(€o,10)

—|902

P1, TPL2
i\ D X221 A2.2.2
1,1,1 :

sz O ¢ D 2
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CFA Model-Checking
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Definition. Let ' = C(A,,. .., A, ) be a network and F a query.
(i) We say N satisfies F’, denoted byM = F,ifand onlyif C;,; = F.

(i) The model-checking problem forgand F is to decide whether (| F) € =.

Proposition.

The model-checking problem for communicating finite automata is decidable.

25/42
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Content
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e Communicating Finite Automata (CFA)

—(e concrete and abstract syntax,
—e networks of CFA,

—e operational semantics.

e Transition Sequences
e Deadlock, Reachability
e Uppaal

—e tool demo (simulator),
—e query language,

D—(o CFA model-checking.
o CFA at Work

—e drive to configuration,
—(® scenarios,

(e INnvariants,

—e tool demo (verifier).

e CFA vs. Software
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CFA and Queries at Work
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Model Architecture — Who Talks What to Whom
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e Shared variables:

| C50, E1 | ! :
i CoinValidator 1 : User I
I . I
| I I |
i OK " I
1 | 1
! DOK ] I |
i ChoicePanel SYSTEMy 1 ENVIRONMENT]
| |
[ 1 i
| DWATER DTEA 1 1
i DSOFT 1 1
: | e | N | : 1 :
1 WaterDispenser SoftDispenser TeaDispenser 1 : Service [
1 | 1
1 i r I |
I FILLUP I | I

e bool water_enabled, soft_enabled, tea_enabled;

e int w=3, s =3, t = 3;

e Note: Our model does not use scopes (“information hiding”) for channels.
That is, ‘Service’ could send 'WATER' if the modeler wanted to.
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Model Architecture — Who Talks What to Whom

-13 -2016-06-27 - Scfaatwork -

User

ENVIRONMENT

Service

request_sent
I _ _ C50, E1 | 1
| CoinValidator 1 1
DOK?
| |
| i |
:Nfi anbblale%idff Ees‘e half_idle = :I\ —_ OK I I
I - — _— -
1  — DOK _ !
| — ChoicePanel SYSTEMp |
~ [}
[ ("
| DWATER DTEA 1
i DSOFT 1
I | e | ~N | 1
1 : : : 1
1 WaterDispenser SoftDispenser TeaDispenser 1
|
: i i i ol | |
FILLUP J |
Il I I BN BN B BD BD BE BD B B B B B BB B BB BB B ‘
i |

e Shared variables:

e bool water_enabled, soft_enabled, tea_enabled;

e int w=3, s =3, t = 3;

e Note: Our model does not use scopes (“information hiding”) for channels.
That is, ‘Service’ could send ‘WATER' if the modeler wanted to.

28/42



Design Sanity Check: Drive to Configuration
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e Question: Is is (at all) possible to have no water in the vending machine model?
(Otherwise, the design is definitely broken.)
o Approach: Check whether a configuration satisfying
w =20

is reachable, i.e. check

Nyvm =3O w = 0.

for the vending machine model Ay/u.

HEE =

= 16 OLDENBURG

L
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