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Live Sequence Charts — Full LSC Semantics
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Full LSCs
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AfullLSC.Z = (((L,=X,~),Z,Msg, Cond, Loclnv, ®), aco, am, © &) consists of
e body ((L,=<,~),Z,Msg, Cond, Loclnv, ©),

e activation condition aco € Ezpr o,

o strictness flag strict (if false, . is called permissive)

o activation mode am € {initial, invariant},

o chart mode existential (© » = cold) or universal (© ¢» = hot).

Concrete syntax:

[SC 4 exst.
AC: aco
AM: initial I:  permissive 77777!/77
| |
Lo Jla o]
T
| |
| } |
| s o
‘\Ag\ |
| 7/ |
| ‘g(ﬁﬁ J } |
| | |
| |
\ — ! \
\ =~ |
} | |
| |
| . o
| |
| | |
I | I
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Full LSCs

AfullLSC.Z = (((L,<X,~),Z,Msg, Cond, Loclnv, ©), aco, am, © &) consists of

e body ((L,=<,~),Z,Msg, Cond, Loclnv, ©),
e activation condition aco € Ezpr o,

o strictness flag strict (if false, £ is called permissive)

o activation mode am € {initial, invariant},

o chart mode existential (© ¢» = cold) or universal (© ¢» = hot).

,,,,,,,,,,,,,,,,,,,,,,,,,,,

A set of words W C (Ezprg — B)“ is accepted by .Z if and only if
Su,\H:)( of w S’Sz‘k“é

& tndek 1
Oy am = initial am = invariant

o HBHUJEW.U)O ':/-} aC/\“wemif,(CO)
S Aw® =g Pprog (0, Co) A/l € Ls(B(L))

IBIw e WIk € NgewP =g ac A =1hegir (Co)
AW =g Pprog (0, Co) Aw/k +1 € L(B(Z))

VBVYw e Weuw =g ac A —tesit (Co)

hot

= w0 =5 Yprog (0, Co) Aw/1 € Lg(B(L))

VBYw € WYk € Ngewr =g ac A 1pegit (Co)
= w* g v (0, Co) Aw/k+1 € Lg(B(L))

where C| is the minimal (or instance heads) cut.

Full LSC Semantics: Example
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SC %

AR ital L pemmissive |
}‘ x:Cy ‘ ‘ Y: Oy ‘ ‘ 2:Cs i
i T
| | |
I E | |
1 R | |
| e P
I 1 I
i —r |
I |
I I I
| : L
I 1 I
! i | | !
] ] )

W (cons,Snd) (consg,Sndo)
(075) o (UOaEO)

uo

(cons3, {(:F,c3)}) (04, 24) (consq, {(GOsc1)})
)

(03,63) ——————%
c2 c2

] %

/5 Sxe, 46, 26563

Gy,

Eey? A=

(consy {(:F,c2)}) ((;[2[62) ({:E},8ndz)

(01751)
c1 c2
(F},8nd:
(05, 5) % (06,€6) — -+
3

(=~ & ﬁ@([awé/
by 0{1
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Note: Activation Condition
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Z AC: c1
.__ital I:  permissive |
| |
o ] o]0 ]
T
| |
I } I
I E | I
[ — | [
| | }
|
: !
| —_— | |
\ = \
| | |
| |
| G } |
| | | | || LSC &4 R ‘
| | | | } AM: initial I:  permissive
‘ !

Existential LSC Example: Buy A Softdrink

-21-2017-02-06 - Sswisc -

LSC:  buy softdrink

AC:  true

AM:  invariant |1 permissive o
|

I User | | Vend. Ma.
I

: £l .

I

| pSOFT

I

|

| SOFT

|

‘ OLDENBURG
U fEE =

6/29
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Existential LSC Example: Get Change

J
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OLDENBURS
HEE =

LSC: et change
AC: lgrue &

AM: invariant I:  permissive ﬁ
: User | | Vend. Ma. : z
|
: C50 _ I
|
| |
! E1 |
|
| |
i pSOFT |
|
| |
: SOFT |
| |
|
| , chg-C50 :
| Z |
7 | |

8/29

Live Sequence Charts — Precharts
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Pre-Charts
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AfullLSC ¥ = (PC, MC, aco, am,O )

Pre-Charts Semantics

AM: _invariant_I:

[SC. buy water
AC: true

strict

/ \
/) ‘ User ‘ ‘ CoinValidator ‘ ‘c[x :ChoicePanel‘ ‘ Dispenser \
@f— dAmé / 7 T T } \
/ 51 | |
/ ; C50 | | } \\
| \
\ 7 | | /
\\‘ z » /d‘i ER | 1 //
\\ cp -> water_in_stock } //
\ 1 ! /
IWAT R
o - CL\M(:

AN

consist of

pre-chart PC = ((Lp, %p,~p),Zp,”,Msgp, Condp, Loclnvp, © p) (possibly empty),

main-chart MC = ((Las, 2, ~a), I, -7y Msgyr, Cond g, Loclnvyy, © ) (non-empty),

activation condition acq : Bool € Expr o,

strictness flag strict (otherwise called permissive)

activation mode am € {initial, invariant},

chart mode existential (© ¢» = cold) or universal (© ¢» = hot).
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W= Wo Wa - W Wanea Wiy “paiy \

(%) ySeally - reacking

AM:  invariant |

LSC:  buy water
AC: true

strict

cp -> water_in_stock

/) ‘ User ‘ ‘ CoinValidator ‘ ‘cp :ChoicePanel‘ ‘ Dispenser ‘ \
/ % ‘ ! | \

n / —r 1 %\
& g s | | :
u \ — . S | /

|
|

T e—— — \

O eLRm)Y el
sk of

AANNSNNNNNNN

pmasimal ot Oé foe - clud
am = initial am = invariant
83w eWImeNge dIw e WIk<m€eENge
- Aw® =5 aC/\_‘wﬁﬂt(C(f’)/\Wng(@: Cé)) Aw® Ep aC/\_‘wfzzt(Cé))/\wpmg(@vCé:))
S Awh, .., w™ € Lg(B(PC)) AwFFt L w™ € Lg(B(PC))
I Aw™ T g e (C3F) Aw™ T I e (C31)
N Aw™ E8 Yprog (0, C(I)W) Aw™ Es wpmg(w»c(l)u)
@ Aw/m +2 € Lg(B(MC)) Aw/m +2 € Lg(B(MC))
VBYw e WVmeNge VBYw e WVYk<mecNge
-*6' Aw® ‘:L‘F ‘IC/\ﬁweﬂt(C(}):’)/\wpmﬂ(w»Cé:) Aw® ] aC/\ﬁwem(CéD)/\"pWoa(@vC(f)
W |t S L BPO) Ly AWt w™ € £5(B(PC))
Islﬁ Aw™ =g e (CgT) * Aw™ =g e (CoT)
@ :>fwm+1 Es wpmy(wﬁcfllw) = wmtt E8 Yprog (0, Céw)
ANw/m+2¢€ Lg(B(MC)) ANw/m+2¢€ Lg(B(MC))

X
(emgeshor ol e dod]
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Universal LSC: Example
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OLDENBURG

LSC:  buy water
Al

C:  true
AM:  invariant |:  strict
, - o \
// ‘ User ‘ ‘ CoinValidator ‘ ‘ cp :ChoicePanel ‘ ‘ Dispenser ‘ \\
/ 7 T T T \
/ o I I | \
/ v €50 | | | \
/ 7 | | \
\ 7 - ‘T | | /’
\ P ' |
\ 7 A‘ " ! | /
\ | /
\ cp -> water_in_stock | //
\
\ ! 1 !
7 d
7 WA TER
/
,// [0) |
7 \ l
/ \ |
4 I

12/29

Universal LSC: Example s e <p

}
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. o
A (-!-&CV-f 4% ;

A A dd. sV scy =
NPy -kbb =(oef E
33 = =
= =

fa
(%)
;DD IL\%C buy water
AM: invariant | strict I D S S A S
\
LV User ‘ %v; CoinValidator ‘ ‘ ¢p ChoicePanel ‘ ‘au; Dispenser ‘ \\
T T

/ /

T
/ . I I I
/ ¥ 2 ‘ | |
/\ ; | } —=(C50!V E1!V pSOFT!
\ % pWA‘TER } | V pTEA!V pFILLUP!
I " |
\ i
\ cp -> water_in_stock | //
\\ 1 ,
7 d
7 7] TER
7 ! —(dSoft! v dTEA!)
7 0 i —
4 | |
/ i |
4 I |
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Forbidden Scenarigo Example: Don’t Give Two Drinl

g
8

G OLDENBURG

LSC:  only one drink
AC: true
AM:  invariant |1 permissive
\
/ User | | Vend. Ma. \\
/
/ F1 - \\

/ \

/ \
/ pSOFT \
\ /

\ /

\\ SOFT /

/
\ =C50' \N—E1!
‘\ SOFT 7
\ /
i
false
” |

Note: Sequence Diagrams and (Acceptance) Test

SC. buy softdrink
ACT tue
AM: _invariant |- _permissive |

User Vend. Ma.

El

,,,,,,,,,,,,,,,,,,,,,

ESC get change
AC frue
AM: _invariant I permissive

User Vend. Ma.

50

El

SOFT

chg-C50

|
! |
! i
! |
! |
! i
! |
! |
|
w i
1 pSOFT !
i i
| i
I |
i i
| i
i |
i i
| i

LSC.only one drink
AC tue
AM: _invariant I permissive

! El

! pSOFT

\ SOFT

\ ,
\
\ SOFT

\
/
\ 1

-
/ User Vend. Ma. \
\

\

HEE =

false

o Existential LSCs* may hint at test-cases for the acceptance test!

(: as well as (positive) scenarios in general, like use-cases)

e Universal LSCs (and negative/anti-scenarios) in general need

(Because they require that the software exhibits the unwanted behaviour.)

g
8
5
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Course Map
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CD,SM € 0CL CD.SD ’ % E
AR T b

=(7,6,V, atr), SM expr 7, SD

5 T v ot

= (22, Az, —su) B = (Qsp, 90, As,—sp, Fsp)

o (

7 = (00,¢€0) .
0

L

(consg,Sndg)
e,

(01,€1) -+ <"\ wr = ((04, consi, Snd;)) ;e
v
G=(N,E,[)

v
oD

Model-Based/-Driven Software Engineering
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Model-Driven Software Engineering
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I
I
I
: refine
I
I
¥

tructure

| refine

S /1

tructure

S ] ST

generate/
N e
program

Implementation

Declarative
Behaviour

I
I refine
¥

Declarative
Behaviour’

Constructive
Behaviour

| refine

Constructive
Behaviour’

Model-Driven Software Engineering with UML
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elicit /\

|
: refine
|
'
Class
Diagram’

| refine

Class
Diagram”’

Class =7 >
Diagram

generate/
~ _Pprogram _ -~

Implementation

Sequence
Diagram

1 refine

Sequence
Diagram’

l

| refine

State
Machine’

U

|
o
o
o

|
K
 J oo
=

requirements
model

requirements/
constraints

demgn

system model

requirements
model

requirements/
constraints

deﬂgn

system model
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Model-Driven Software Engineering with UML
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elicit
- - ~

Jar
height: Integer= 5
width: Integer

(OMG, 2007a,135)

(OMG, 2007b, 44)

ssssss

N
Cass < .. .| Sequence
rgram gram
I (R
| l refine
|
I refine uence
: = gram’
'
N
| Class
D<o
4 PlayedinYear gram
| refine
DN
'ass ....................
==Zram”

~ generate/
S\ _program -~
~pProgram _

(OMG, 2007b, 567) s

requirements
model

requirements/

constraints

n model

Implementation

Model-Based Testing

19/29
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Recall: Test Case

16 - 2016-07-11 - Stestintro -

Definition. A test case T'is a pair (In, Soll) consisting of
o adescription In of sets of finite input sequences,
o adescription Soll of expected outcomes,

and an interpretation [-] of these descriptions.

Atest execution 7, ie. ((7°,...,7") } Bin) € In for some n € Ny, is called

o successful (or positive)

if it discovered an error,

i.e,ifm ¢ [Soll].

(Alternative: test item S failed to pass test; confusing: “test failed”)
o unsuccessful (or negative)

if it did not discover an error,

i.e,if m € [Soll].

(Alternative: test item S passed test; okay: “test passed”)

5/44
Glass-Box Testing: Coverage
» Coverage is a property of test cases and test suites.
o Execution 7 of test case T achieves p % statement coverage if and only if
. stm(o;
p = covsm(m) = IUicw, stm(oi)] |Stmg| 0.
[Stms|
Test case T" achieves p % statement coverage if and only if p = min COV s (7).
7 execution of T'
o Execution 7 of T" achieves p % branch coverage if and only if
; cnd(o;
P = coVep(m) = Mv ‘C’nds‘ #0.
|Cnds|
Test case T" achieves p % branch coverage ifandonly if p = min  covena(m).
7 execution of T'

o Define: p = 100 for empty program.
. o Statement/branch coverage canonically extends to test suite 7 = {T,..., Tn},
; e.g. given executions 71, . .., Ty, T achieves
5 . e, Stm(mh
g = W1 <n s, stm(m))| ,|Stmg| # 0, statement coverage.
S [Stms|
0 25/44
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Coverage Example

int f(int z, int y, int z)

}

el

Z=2z%2;

se

z=2z[2;
if (z > 500V jy>50)
Z2=2z%5;

i if (z > 100 Ay > 10)

true

true i> false

false

o

o Requirement: {true} f {true} (no abnormal termination), i.e. Soll = ¥* U 3¢,

test suite coverage

I % | % | ia/%
z,Y,2 i1/t | i/f | s1 | s2 | d2/t | di2/f | c1 | c2 | 83 | sa stm | cnd | term
501,11,0 v v v v v v 75 50 25
501,0,0 v (4 v v v v 100 75 25
0,0,0 v v v v 100 | 100 75
0,51,0 v v (%4 (4 (%4 100 | 100 100

-16 - 2016-07-11 - Scover -
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Model-Element Coverage
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) Eln 1= NULL]

/n->GEN(F)

s3 F s4 ‘

:

[params->x.Getl_ength() == 7]

[else]

G

©+———

100 % Element coverage of C's state machine:

o aset of test cases (e.g. Sequence Diagrams) such that

o when conducting these test cases

o each state of C is reached at least once,
o each transition of C'is taken at least once.

In general: State coverage of a set of test cases

@@'é"”‘/, ()

E,G

State machine of D:

e number-of-states reached / number-of-states in state machine.

£ s2
|
Tp>GEN(F)

(state coverage)
(transition coverage)

24729
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Excursion: Automatic Test Generation

Model-based Testing

-21-2017-02-06 - Smbtest -

o Given aset of test cases passing for the model,
e and an implementation of the model (maybe hand-written).

o Execute the test cases on the implementation (or the final system).

This may need an appropriate interpretation. For example, if the test case says
e send “C50" to the CoinValidator,
e ratherinserta 50 Cent coin into the vending machine.

o If the vending machine does not behave according to the test,
e then there’s something wrong (wrong test conduction, wrong implementation, etc.).

e If the vending machine does behave according to the test,

o then we know that this scenario works — not more.

25129
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Vocabulary

Software

o Software-in-the-loop:
The final implementation is examined
using a separate computer to simulate other system components.

Hardware

e Hardware-in-the-loop:

The final implementation is running on (prototype) hardware
which is connected by its standard input/output interface (e.g. CAN-bus)
to a separate computer which simulates other system components.

38/44
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