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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 € Expr o,

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

e activation mode am € {initial, invariant},

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

Concrete syntax:

LSC: %4 exst.
AC: aco
AM: initial 1:  permissive /
. Cl . 02 . 03
I
|
|
E I
\L\ |
{¢ ) :
|
|
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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 € Expr o,

o strictness flag strict (if false, .Z is called permissive) A i pemisse |
o activation mode am € {initial, invariant}, o Je 16 ]
e chart mode existential (© ¢» = cold) or universal (© ¢» = hot). i - s i i
l ey o
1 —
A set of words W C (Exprz — B)“ is accepted by . if and only if
41‘4\“
AT
X am = initial am = invariant
- 383w e W ew? =5 ac A erit (Co) 383w e W3k € Ny e wk =5 ac A =erit (Co)
S A wP =38 Yprog(0,Co) ANw/1 € Lg(B(Z)) A wk =8 Yprog(0,Co) Nw/k +1 € Lg(B(ZL))
- Vﬂ‘v’wEWowO lzﬁ ac/\—mbem't(C’o) VBVWEWVkG]NO.wk IZB aC/\_‘we:m't(CO)
2 —> W' g Yprog(0,Co) ANw/1 € Lg(B(L)) — w”® g o0, Co) Aw/k+1 € Lg(B(L))

where Cj is the minimal (or instance heads) cut.
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Full LSC Semantics: Example
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Ey '
Euy? A=
é%\c gll | N Ea;,y?/\gb v
:nitial I ermissive

| : @D r.
| x:Ch v: Cy 2 :C4 l
: I : Fy,z'\/

! |
i s | | —(Fy .7V Gyl V Gy?)

A |

| oY | i Fy.? A =Gyl AGy.?
[ ' |
i \F_i | ?A Fy,z ~Gya! A Gya?

| |
i - G : : ya! NGya?
o | !
- - |____:

W (cons,Snd)\ (conso,SndO)\ (CO’I’LSl,{(ZE,CQ)})\ \4 ({:E},Sndg)\
(0',8) > "'—>(O'(),€()) ? (0'1,81) ? (0'2,82) ?
U uQ c1 co
(CO’n,Sg,{(:F,Cg)}) (CO%S4,{(G(),01)}) ({F},Snd5)
(03,€3) > (04,€4) i » (05, €5) > (06,66) —> -
C2 c2 Cc3

X
/Szgm_sc,,vy—sczlzwcgz) i L) IS aaxfed
CC(/a
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Note: Activation Condition
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Existential LSC Example: Buy A Softdrink
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LSC:  buy softdrink

AC: true

AM:  invariant |: permissive
|
| User Vend. Ma.
|
| El
| -
|
| pSOFT
| -
|
|
| - SOFT
|
|

HEE =

~ LIGOLDENBURG

L\_
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get change

true

LSC:
AC:

permissive

invariant |I:

AM:

Existential LSC Example: Get Change

Vend. Ma.
P
P
|

C'50
E1
pSOFT
SOFT
chg-C50

////4////4 AN
N\ N N\ N\ N N\ NN N NN NN\

User
V
V
V
V
v
V
V
v
V

8/29

= ISIMSS - 90-20-LI0T - LT -



-21-2017-02-06 - main -

Live Sequence Charts — Precharts

9/29



-21-2017-02-06 - Sprechart -

Pre- Cha rtS LSC:  buy water
AC.  true
AM: invariant I: stfict |
! \
/ User CoinValidator cp :ChoicePanel Dispenser \
\

et | S

| I

| |

| |

\ | | |

\ PWATER | ! /
\ | A ' /
\ ) - I /
\ cp -> water_in_stock | /
\ | /
|

A | |

N\\

|

/
7
honn - C{""Sé 2
/
/
o
AfullLSC .¥¢ = (PC, MC, aco, am, O ) consist of (Hempes atoe of  wicmin —c[mzf)

pre-chart PC = ((Lp,=p,~p),Zp,.",Msgp,Condp, Locinvp, © p) (possibly empty),
main-chart MC' = ((Lps, s ~m)s Zag, - Msga, Cond g, Loclnvys, © 37) (non-empty),

activation condition acq : Bool € Ezpr o,

strictness flag strict (otherwise called permissive)

activation mode am € {initial, invariant},

chart mode existential (© ¢+ = cold) or universal (© ¢» = hot).
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Pre-Charts Semantics
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¢y (
1

W= W0 Wa .- Wem Wanya Winyg “paat
T e——

LSC:  buy water
AC.  true
AM: invariant I stfict |
\
User CoinValidator cp :ChoicePanel Dispenser \
\
| | |
w}l I i \\
/ . | I s
/ | |
[
PWATER |
| i

|

cp -> water_in_stock

|
|
|
|
| /
|
|
|
|
|

G LRENT LB 7
5
%
()k) M@: '{YOLC(N:m S'["‘f“[“: 0/ g
Mmamal  cnt Oé @I~d&é 2
am = initial am = invariant
d8dw e Wdm € Ng e d8dweWdk<meENge
S Aw? =g ac AP erit (C5)) AMPprog (B, CF) A" =5 acA=Yerit (C§) APprog (B, CF)
E Aw', ... w™ € Lg(B(PC)) AwFTE L w™ € Lg(B(PC))
|| /\wm—i—l |:B ﬁr‘ﬂewit(c’é\/l) AN wm—|—1 |:ﬁ _'wexit(cév[)
S% A wm—l—l |:B wprog(wa C(])VI) A wm—l—l |:B ’prrog(@, C’(J)VI)
D Aw/m+2 € Lg(B(MC)) Aw/m+2 € Lg(B(MC))
VBYw € WVm € Ng e VBYw € WYE<m€EINge
8 A =g ac A=Y erit (CE) APprog (0, CF) A" =g acA=tenit (CF) APprog (0, CF)
TNt € LB (g Awtt L w™ € Lg(B(PC))
Sﬂ Aw™ Tt |:B _‘¢ea:it(cé\4) Aw™ Tl |:B _‘wemit(cé\/l)
? :{wm+1 |:5 ¢P7‘09(@7Cé\4) — w™! |:5 wpmg((mccj)w)
Aw/m+2 € Lg(B(MC)) Aw/m +2 € Lg(B(MC))
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Universal LSC: Example
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HEE =

~ LI OLDENBURG

L\_

LSC:  buy water
AC:  true
AM:  invariant I:  strict
/
// User CoinValidator cp :ChoicePanel Dispenser
[ I I
/ /

N\
a
(1]
S

I
|
|
I
|
A

|
\ pW.
\ g ‘ATER
\ Vi | )
\\ < cp -> water_in_stock >
\\ 7 |
7 ‘
/ 7 TER
/ I
/é 0 |
/ | :
/ | |
/
/ | |
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Universal LSC: Example . lis (= <p
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<D w
QcpdsQV= v = (i
VMi (s A ol its(V=cuv e
A /cPITTD = (ol = Lo
— V. (TN |
XR p—y =4
[ — ]
() L .
: —
DD LS buywater __—] : _/
AM: invariant I:  strict 3 ‘
/
/ User v CoinValidator cp :ChoicePanel o Dispenser \
// ' ' \\
/ L e ST | \
/
[ —~(C50'V E1!V pSOFT!

\\ < cp -> water_in_stock
\

V pTEA!V pFILLUP!

)

ek

—(dSoft! v dTEA!)>
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Forbidden Scenario Example: Don’t Give Two Drinl -

chart -

-21-2017-02-06 - Spre

HEE =

~ LIGOLDENBURG

L\_

LSC:  only one drink
AC: true
AM: invariant I|: permissive
User Vend. Ma.
/1 E1
|
//
//
/: pSOF'T |
//
//
Y
;,4 SOF'T I
//
//
4
;,4 SOFT IO
//
< false
I
%
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Note: Sequence Diagrams and (Acceptance) Test
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LSC: getchange LSC:  only one drink
AC.  frue AC:.  true
AM:  invariant I: permissive L AM:  invariant I permissive
N —
I
: User | | Vend. Ma. | J User | | Vend. Ma. Y
I ! /
[SC.  buy softdrink | C50 | / El | N
AC: true | = | / > \
AM:  invariant |:  permissive e I : // \
| I : £l - | / pSOFT - \\
| User | | Vend. Ma. : | | \ )
! I \ /
! El N | I pSOFT | \ _____SOFT /
| | /
| ! | | !
I \ -C50' N —E1!
l pSOFT | . | SOFT | \ . SOFT I,-
| | [ | \ /)
I I
| SOFT | ! . chg-C50 | false
| - |
o ___ L I I/ | 2 |

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

(x: 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.)
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Course Map

CD, SM » € OCL CD, SD ‘
‘)/J/ \V{ v vy
(7,¢,V, atr), expr <, SD

o et

B = (Qsp,q0,Av,—sp, Fsp)

g{
(conso,Sndo)

m = (0'0,80) > 0-1 51 4\/') Wr = O-’L Consl Snd ))ZEIN

‘“1/\/{\1 v
G=(N,E,f)
v

OD

A

= (227 Aya —SM
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Model-Based/-Driven Software Engineering
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Model-Driven Software Engineering
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- ~ :
Structure | _| Declarative requirements
Behaviour model
| |
| I refine
| \ .
I . ;
, refine Declarative 7| | requirements/
| _| Behaviour’ constraints
| o J
e o
* e VoL
Structure” | _ . . _| Constructive v design
Behaviour
/ :
| refine | refine 1|_
Structure” | _ .| Constructive system model
Behaviour’
~ generate/ -
N 7

N 7~
program

Implementatior\T‘
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Model-Driven Software Engineering with UML
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Class |<~ 7| Sequence requirements
Diagram Diagram model
I I
| | refine
I )
| refine Sequence > requirements/
| ,| Diagram’ constraints
R J
Class ]~ > design
Diagram’ [ e ” | State Machiné—\ &
. } (A
| refine | refine 0
Class | State
Diagram’j Machine’ system model
~ generate/ -

~ program -

Implementationﬁ
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Model-Driven Software Engineering with UML
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AN
~
\ .
Class L _| Sequence requirements
Fgram Diagram model
ClassA OMG, 2007b, 513) | sa vserncoeptes )
name: String | User ‘ACSystem | .
e e | IS s refine
oo g gadont) [~ — |
width: Integer | TimeConstraint. l CardOut {0..13) - \
i | refine e = lyence requirements/
ClassB | / .
id {redefines name} | > I gram Constralnts
ﬁzzp}ﬁ:f;quare }
/ width l{ ) o~
(OMG, 2007a, 135) R \ ain
<
Class .
\ < . _ % f design
(ONG.2007b.48) —— < rpeamren | ST AIN State Machine
- year .
L V refine
Team Player
team goalie ass : eyl
, - LT > e — ”] mOdel
| -...bram o
«~  generate/ - o
N - T

~ program -

abort
/
) avorted

(OMG, 2007b, 567)

Implementatior\T‘
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Model-Based Testing
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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.

A test execution mr, ie. (7°,...,7") | Xin) € In for somen € INo, is called

e successful (or positive)
if it discovered an error,
e, if T & [Soll].

(Alternative: test item S failed to pass test; confusing: “test failed”)

e unsuccessful (or negative)
if it did not discover an error,
e, if m e [Soll].

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

5/44
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Glass-Box Testing: Coverage

-16 - 2016-07-11 - Scover -

o 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

Uien, stm(o:)]
D = COVgtm () :=
|Stmg|

,|Stms| # 0.

Test case T" achieves p % statement coverage ifandonlyif p =  min  covgm (7).

7 execution of T

o Execution 7 of T" achieves p % branch coverage if and only if

 Usen, cnd(0:)

P = COVcpg(m) : [Cnds] ,|Cndg| # 0.
Test case T" achieves p % branch coverage if and only if p = min COV cnd (7).
7 execution of T’
o Define: p = 100 for empty program.
o Statement/branch coverage canonically extends to test suite 7 = {771,...,T,},

e.g. given executions 71, ..., mp, 7 achieves

p= |U1§j§n Uz‘e]NO stm(w§)|
|Stmg|

,|Stmg| # 0, statement coverage.
25/44
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Coverage Example

-16 - 2016-07-11 - Scover -

int f(int z, int y, int 2)

i: 1f (z > 100 Ay > 10)

{
s1: Z2=2z%2
else
ED 222/2,

io: if (x > 500V y > 50)

s3: Z=2Z%D;

s4:

}

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

test suite coverage

In % % | i2/%
x,Y, 2 i1/t | i/f | s1 | s2 | d2/t | ia/f | c1 | c2 | s3 | sa stm cnd term
501,11,0 v v v v vV | vV 75 50 25
501,0,0 v v v v v | v || 100 75 25
0,0,0 v v v v || 100 | 100 75
0,51,0 v v v v v || 100 | 100 100

26/44
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Model-Element Coverage
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N

s

E[n = NULL]

State machine of C":

—

s2

/n->GEN(F)

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

[else]

s3

|77

s4

100 % Element coverage of C'’s state machine:

©=

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

e when conducting these test cases

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

In general: State coverage of a set of test cases

/57

@F’ém‘/q %))

E G

State machine of D:

.w

s1

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

E 2
Jp>GEN(F)

(state coverage)

(transition coverage)
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Excursion: Automatic Test Generation
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Model-based Testing
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o Given a set 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,

o then there’'s something wrong (wrong test conduction, wrong implementation, etc.).

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

e then we know that this scenario works — not more.
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Vocabulary
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Software

e 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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