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Topic Area Requirements Engineering: Content

—9-2019-06-03 — Sblockcontent —

VL5

VL 6

VL7

VL 8

VL9

e Introduction

o Definition: Software & SW Specification

e Requirements Specification

—e Desired Properties

—(e Kinds of Requirements

—e Analysis Techniques
e Documents

(e Dictionary, Specification
e Specification Languages
—(e Natural Language

(e Decision Tables

(® Syntax, Semantics

e Scenarios

(® User Stories, Use Cases

(® Live Sequence Charts

(® Syntax, Semantics

e Wrap-Up

(® Completeness, Consistency, ...

Vocabulary

Techniques

informal

I

semi-formal

I

SR formal ¥
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—-9-2019-06-03 —main —

The Plan: A Formal Semantics for a Visual Formalism

—8-2019-05-27 — main —

*****

concrete syntax
(diagram)

does the software
satisfy the LSC?

((£,=,~),1,Msg, apply construction
Cond, Loclnv, ©) procedure

abstract syntax

?
semantics
(Bichi automaton)
SN~ ——_—
software
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Content

>

D. Live Sequence Charts

e TBA Construction
(@ LSCs vs. Software
—(e Full LSC (without pre-chart)

(® Activation Condition & Activation Mode

— —— — —

—(e (Slightly) Advanced LSC Topics
(® Full LSC with pre-chart

—(e LSCs in Requirements Engineering

(® strengthening existential LSCs (scenarios)
into universal LSCs (requirements)

—(e LSCs in Quality Assurance

¢ Requirements Engineering Wrap-Up

(¢ Requirements Analysis in a Nutshell

(e Recall: Validation by Translation

—9-2019-06-03 — Scontent —
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—-9-2019-06-03 —main —

LSC Semantics: TBA Construction
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—9-2019-06-03 — Scutfirerest —

LSC Semantics: It’s in the Cuts!

—8-2019-05-27 — Scutfire —

Definition. Let ((£,=<,~),Z, Msg, Cond, Loclnv, ®) be an LSC body.
A non-empty set () # C' C L is called a cut of the LSC body iff C

e is downward closed, i.e.
VIi,'l e Lol cCNI=<I = leC,

e is closed under simultaneity, i.e.
Vi,l'!l e Lol cCNI~I = |€(C,and

e comprises at least one location per instance line, i.e.
VieZeCNI#D.

The temperature function is extended to cuts as follows:

o(C) = hot ifdlcCe(Al' cCel<1')NO() = hot
"~ )cold otherwise

thatis, C'is hot if and only if at least one of its maximal elements is hot.

39/4¢
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—9-2019-06-03 — Scutfirerest —

Cut Examples

—8-2019-05-27 — Scutfire —

/ / /
() # C C L —downward closed — simultaneity closed — at least one loc. per instance line
& @ 6 o

LSC: none
AM: invariant

I:  strict

40746
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Cut Examples

—9-2019-06-03 — Scutfirerest —

0 # C C L — downward closed — simultaneity closed — at least one loc. per instance line

hat /a:[c/
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I‘\ /II I\\ /I' I\ | /II

17110 “17 12,0 ”lf’l30
II’ \\\ |
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"t 131
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G
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Cut Examples

—9-2019-06-03 — Scutfirerest —

0 # C C L — downward closed — simultaneity closed — at least one loc. per instance line

1 AY /7 \ 1
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Cut Examples

—9-2019-06-03 — Scutfirerest —

0 # C C L — downward closed — simultaneity closed — at least one loc. per instance line
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Cut Examples

—9-2019-06-03 — Scutfirerest —

0 # C C L — downward closed — simultaneity closed — at least one loc. per instance line
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Cut Examples

—9-2019-06-03 - Scutfirerest —

0 # C C L — downward closed — simultaneity closed — at least one loc. per instance line
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Cut Examples

—9-2019-06-03 - Scutfirerest —

0 # C C L — downward closed — simultaneity closed — at least one loc. per instance line
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Cut Examples

—9-2019-06-03 - Scutfirerest —

0 # C C L — downward closed — simultaneity closed — at least one loc. per instance line
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Cut Examples

—9-2019-06-03 - Scutfirerest —

0 # C C L — downward closed — simultaneity closed — at least one loc. per instance line

N 7/ N ke
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A Successor Relation on Cuts

—9-2019-06-03 — Scutfirerest

The partial order “<” and the simultaneity relation “~" of locations
induce a direct successor relation on cuts of an LSC body as follows:

Definition.
Let C' C L beta cut of LSCbody ((£, <, ~),Z, Msg, Cond, Loclnv, ©).

Aset () # F C L of locations is called fired-set F of cut C if and only if

e CNF=0andC U Fisacut,ie. Fis closed under simultaneity,
e all locations in F are direct <-successors of the front of C, i.e.

VieFIl eCol' <INHI" c Lol <" <),

e locations in F that lie on the same instance line are pairwise unordered, i.e.
Vil e Fe(3TIeZe{l,I'} CI) = IAU NI AL,

o for each asynchronous message reception in F,
the corresponding sending is already in C,

V(,E,l')EMsgel' ¢ F = L€ C.

The cut C’ = C' U Fis called direct successor of C' via F, denoted by C' ~ = C".
—~—
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Successor Cut Example

—9-2019-06-03 — Scutfirerest —

CNJF =0—C U Fisacut—only direct <-successors — same instance line on front pairwise unordered —
sending of asynchronous reception already in
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Successor Cut Example

—9-2019-06-03 — Scutfirerest —

CNJF =0—C U Fisacut—only direct <-successors — same instance line on front pairwise unordered —
sending of asynchronous reception already in
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Language of LSC Body: Example

—9-2019-06-03 — Slscsem —

s s = | == =dbd
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A
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Language of LSC Body: Example

I
%_‘Ell, 2

Iq,1
E!1»2

I, I2
— @0

E?h,fz A ¢

Iy,1,
‘3%2’3

F'I2,Is

_\(F?IQJB vV G!‘rz’ll vV G?I2’Il)

F?Iz,ls A —|(G!12’Il Vi G?I2’11)

—|(G!12’11 v G?Iz,h)

l3,1

12,11 I2,Ih
G2 A G

true

A
.
.
[ G ——
\

The TBA B(.¢) of LSC Z overC and € is (Ci, Q, ¢ini, —, Q) with
L\w/—/\\J

o Cp=CUEL, where L = {E/Y E27 | E€ £,4,j € T},
e (Qisthe set of cuts of .Z, ¢;,; is the instance heads cut,
e — consists of loops, progress transitions (from ~ x), and legal exits (cold cond./local inv.),

o %F ={C eqQ| Wd V %ﬁ} is the set of cold cuts and the maximal cut.

11159
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TBA Construction Principle

—9-2019-06-03 — Slscsem —

Recall: The TBA B(.¥) of LSC % is (C, Q, qini, —, QF) with

Q is the set of cuts of ¥, g, is the instance heads cut,

o Cs=CUES,

— consists of loops, progress transitions (from ~» £), and legal exits (cold cond./local inv.),
Qr ={C € Q| 6(C) = cold vV C = L} is the set of cold cuts.

So in the following, we “only” need to construct the transitions’ labels:

—={(q: Y100p (@), @) | ¢ € QY U {(q, Yprog(a, ¢ ), d") | ¢ ~7 d'} U{(q,Vesit (@), L) | ¢ € Q}

AN~ A~—

wloop(Q).' “what I I I3

allows us to stay at :

- cut q” .,* |

wemit(Q): A O :
“what allows us to Borog (2,0 /\_CEQE),_'> |

1t — _ . . c
legally exit”™~—~~—| « 7 ‘characterisation of "%W
firedset F,” |

true C@) }:’/’/i/E//?
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TBA Construction Principle

Locl
A (_'wccjij nee (q7 qz) v_'wgg)lgd (q7 q?,)))

—9-2019-06-03 — Slscsem —

“Only” construct the transitions’ labels:

—={(q, Y100p(2), ) | 4 € QY U {(q, VYprog(a,d'),d") | a ~7 ¢’} U{(q,Yewit(q), L) | g € Q}

hot

::q’bloop(Q)
Yioop (7) = V" (q) A hpoe™ (@) AYESE™ (q)
/-\/W\/—
hot Voot (4) L:I Yprog(q; qn) = Z:wg%g(q,qm
O oclinv e
(Vicep (0) 1 2¥sis” () 4 g \

M Cond Loclnv,
m) A '(phc?tn (Qa Qn) A whgf " .(Qa Qn)

VVicien (@i (q,q:)
1<i<n (Vprog (@ @i APE (g, gn) A P2 % (g, gn)

\

I I I3

true @ :
.4 :

e e |
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Loop Condition

—9-2019-06-03 — Slscsem —

Vioop (@) = PV (q) A Y™ (q) A 3™ (q)

" B .
o PME(q) = = Vicicn pemss(a;\g) LN (strict — AN
~ _ . peEL NMsg(L)
=:Ystrict ()
Locl _
© Pg° ™ (@) = Nom1,0,6,17 1) ELoclny, ©(0)=0, Cactiveat ¢ P

A location [ is called front location of cut C'ifand only if A1’ € C el < I'.

Local invariant (1o, to, ¢, l1,¢1) is active at cut (!) ¢
if and only if g <1 < I; for some front locationlof cutgorl =11 A1 = e.

o Msg(F) = {EIDTO) (1. B,1') e Msg, 1 € FYU{BIDIU) | (1B, 1") € Msg, 1! € F}

o Msg(F1,...,Fn) = Uj<scn Msg(F:)
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Progress Condition

—9-2019-06-03 — Slscsem —

Loclnv,
ooy (4, ai) = VM8(q, qn) A V(g an) A b * (gn)

Ms ) —
o YPV%€(q,q;) = /\@bGMsg(qi\q) YA /\j;éi /\%bG(MSg(Qj\Q)\MSg(%\Q)) Y
N (stm’ct = /\ _'"%b)

Ye(EENMsg(L))\Msg(F;)

\ . 7
~~

:1¢strict(q7Qi)

© V5" e %) = Ny=(L,¢)eCond, ©(7)=6, L(a:\0)70 ¢

Loclnv,e .
° Yy (9,q:) = /\A:(Z,L,¢>,l’,L’)ELoclnv, ©(\)=0, X e-active at q; ¢
Local invariant (1o, t0, ¢, 11, 1) is e-active at ¢ if and only if

o lop <l <Ilq,0r

I I I
o [ =1IlgNtg=we,o0r : - |3
o l=01 Nt1 = e “* i
for some front location [ of cut (1) q. e nes . |
_____ e B

|

|

|

D __ [
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Example (without strictness condition)

—9-2019-06-03 — Slscsemexa —

Ir ,’J.?\ 3.
7 \ 7 I ’
“lio 17120 “t-l30
|
|
|
: £ . I
“lia ==y :
/\ \¢' l?\l I
|
|
}
|
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o G

16/59


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


Example (without strictness condition)

—9-2019-06-03 — Slscsemexa —

,"I-I\ I/J'g\‘ ,"]-3\ m _|E11,12
. : ; - ; !

F?I2,I3 A _l(G!IZaIl \ G?IQall)

I
l1,0 l2,0 'If l3.0 .
| E' 1,42
RaRY | 11,1
\ 7 E g I I E‘?l 2 /\ _|¢ / I1.1
\ ’Il L | N q2 _|E 1,12
11 T | ~ \4 ?
/\ \¢' l?/,\l |
T~ | 11,12
| E5 A ¢
|
I/’ \\\ I
\‘F\; @93 —|F,12’13
17122 B ) ’
T l3,1 F"I2713
I .
. S ! Io,I Io,1 Iy, I
- G } | —l(F?2 3\/G!2 IVG?Q 1)
“l1,2 123 :
|
|
|
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Content

e Live Sequence Charts
e TBA Construction
(@ LSCs vs. Software

—(e Full LSC (without pre-chart)

(® Activation Condition & Activation Mode

—(e (Slightly) Advanced LSC Topics
(® Full LSC with pre-chart

—(e LSCs in Requirements Engineering

(® strengthening existential LSCs (scenarios)
into universal LSCs (requirements)

—(e LSCs in Quality Assurance

e Requirements Engineering Wrap-Up
(¢ Requirements Analysis in a Nutshell

(e Recall: Validation by Translation

—9-2019-06-03 — Scontent —
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—-9-2019-06-03 —main —

Excursion: Symbolic Biichi Automata
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From Finite Automata to Symbolic Biichi Automata

—9-2019-06-03 — Stba —

W=0(0r0/0007 ..
| (3)=0(10)"

A . > ={0,1} Bich B: 0 ¥ =10,1}
“ lichi “
@ (=) A (@
1 infinite words
| ()= 0(10)*
oroto v B’: > ={0,1}
oy X 1
ool ¥ @
0
()= 2
symbolic '
@:{a.ia,c,vlg
Agsym: ¥ = ({a,b,c,d} — B) ¥ = ({a,b,c,d} — B)
“\ aNb
@ A=) A
cvd infinite words

W a
51 88 90 Voo,
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Symbolic Biichi Automata

—-9-2019-06-03 - Stba —

Definition. A Symbolic Biichi Automaton (TBA) is a tuple

B = (Cs,Q; qini, =, QF)
where
o Cpis aset of atomic propositions,
e (is afinite set of states,
® qini € @ isthe initial state,

e = C Q x ®(Cr) x Qis the finite transition relation.

Each transitions (q, 1, q') € — from state q to state ¢’
is labelled with a propositional formula ¢ € ®(Cg).

o Qr C Qisthe set of fair (or accepting) states.

Bsym: E == ({a, b, C, d} — ]B)
alNb

Example: (1 (=)

cva 2059
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Run of TBA

—-9-2019-06-03 - Stba —

Definition. Let B = (Ci, Q, qini, —, Qr) be a TBA and
w = 01,02,03, - € (Cg — B)*

an infinite word, each letter is a valuation of Cx.

An infinite sequence
0=40,q1,q2,... € Q"
of states is called run of B over w if and only if
qo = Gini,
foreach i € INg there is a transition (¢i, ©i, gi+1) €— s.t. 0; = ;.

Bsym: Y= ({CL, b, C, d} — ]B)

aNb

Example: \

cVd

w = {a — true,b — true, c — false, d — false}, {c}, {a, b}, ({d}, {a,b})”

{a,b} for short

21759
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The Language of a TBA

—-9-2019-06-03 - Stba —

Definition.
We say TBA B = (Ci, Q, qini, —, Q) accepts the word

w = (0'7;)@'6]1\10 € (CB — IB)w

if and only if B has arun

0 = (qi)ien,
over w ‘
such that fair (or accepting) states are visited infinitely often by o, i.e,,

VieNodj>i:q; € QF.

We call the set Lang(B) C (Cs — B)“ of words that are accepted by B

the language of .
Bsym: ¥ =({a,b,c,d} — B)
aNb
Example: (i Y(«)
cVd
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-9-2019-06-03 —main —

LSCs vs. Software
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—9-2019-06-03 — Sformalre

Software, formally

-5-2019-05-13 - Sreintro -

Definition. Software is a finite description S of a (possibly infinite)
set [S] of (finite or infinite) computation paths of the form

where

e 0; € 3,1 € Ny, is called state (or configuration), and
o a; € A, i € INg, is called action (or event).

The (possibly partial) function [ -] : S — [S] is called interpretation of S.

8/49
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—9-2019-06-03 — Sformalre

Software Specification, formally

-5-2019-05-13 - Sreintro -

©) O
o) ]

-
" ,‘ = %

; €
Customer  Developer Customer  Developer Customer  Developer Developer Customer
announcement offer software contract i
(Lastenheft) (Pflichtenheft) (incl. Pflichtenheft) oftware delivery

Definition. A software specification is a finite description ./
of a (possibly infinite) set [.#] of softwares, i.e.

7] =105, [-10): (S2 [ ]2), -+ 1
The (possibly partial) function [ - | : .7 — [.7] is called interpretation of ..

Definition. Software (S, [ - [) satisfies software specification ., denoted by S =
<, if and only if
(S, [-D) €[]

e

25/59



oftware Specification: Ex

Needs! Solution!

Software Satisfies-S
ey

S

.
N “m y \

Customer  Developer

offer
(Pflichtenheft)

Customer  Developer
announcement
(Lastenheft)

Software Specification

57 .
| T room ventilation I
b button pressed? X | x| = °
off ventilation off? X | — | =
on ventilation on? — | x| =%
go start ventilation X | - | =
stop | stop ventilation — | x| = o

Define: (S,[-]) € [-’] if and only if for all

2 3)
01

(87
1
oy —

and forallz € INy,
dreTeo; = F(r).

—9-2019-06-03 — Sformalre —

1 €
,M —
Customer  Developer Customer
software contract :
(incl. Pflichtenheft) software delivery
Software

Assume we have a program S for the room
ventilation controller.

Assume we can observe at well-defined
points in time the conditions b, off, on, go,
stop when the software runs.

Then the behaviour [S] of S can be viewed as
computation paths of the form

T T
o —> 01 —> 02" "

where each o; is a valuation of b, off, on, go,
stop,i.e.o; : {b, off, on, go, stop} — B.

|

For example:

b b
0fj‘">i>(on)i>< on

go stop

(oﬁ);(
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oftware Specification: Another Examp

Needs! Solution!

-9 -2019-06-03 - Sformalre —

Software Satisfies-S
70,

S

Customer  Developer
announcement offer
(Lastenheft) (Pflichtenheft)

Software Specification

LSC:  buy water
AC:

AM: invariant |- strict

//’ User ‘ ’ CoinValidator ‘ ’ ChoicePanel ‘ ’ Dispenser
T T

N

AN NN
Q

50 ‘

|
PWATER

|
|
I
|
|
A

water_in_stock

Customer  Developer

OLDENBURG

ANNNNNRNRNNN N

Define: (S,[-]) € [-7] if and only if

e tja.. (in a minute)

Needs!
. O
b ©)
& S I -
i ..€
Customer  Developer Developer Customer

software contract

(incl. Pflichtenheft) software delivery

Software

e Assume we can observe at well-defined
points in time the observables relevant for the
LSC (conditions and messages) when the soft-
ware S runs.

e Then the behaviour [S] of S can be viewed
as computation paths over the LSC's observ-
ables.

e For example:

T T T T SorTV-U
ogp—01 »03 —>04—>05 —>0 ——————> ...

A |

machine inserts 1€

E1UV pSOFTU,V
\ o2

presses user
switched buttons ‘SOFT’ prepare drink
on light up button dispenser ready

e And then we can relate S to .¥.

2759
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The Plan: A Formal Semantics for a Visual Formalism

—8-2019-05-27 — main —

ksrf i?]?/?l?iant I strict ‘
;r’ L[ & | o does the software
: T satisfy the LSC?
s | L
: 0 L
NP
Concr_ete Syntax ((£,=2,~),Z,Msg, apply construction
(diagram) Cond, Loclnv, ©) procedure

abstract syntax

semantics
(Bichi automaton)

software

2846
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LSCs as Software Specification

—9-2019-06-03 — Slscvssw —

A software S is called compatible with LSC .Z over C and £ is if and only if
AN T

e X = (C — B),C C C,i.e.the states comprise valuations of the conditions in C,

= (B — B), % C B, i.e. the events comprise valuations of Ef’j, Efij

A computation path © = ’ - € [ 9] of software S induces the word

0'() U Cl41) (0'1 U 042), (0‘2 U Cl43), ce e

we use W to denote the set of words induced by [S], i.e.

Ws =A{w(m) | 7€ [S]}.

29/59
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LSCs vs. Software (or Systems)

N—

W

G OLDENBURG

d

[EE =

W

:

\

L

w={},{E1"V ,E1YV Y {pSOFT?V , pSOFTY VY, {3, {}, {},{SOFT Y, SOFTY Y} {},...

B

User Vend. Mach.

E1

pSOFT

SOFT

A

ET: insert 1€ coin
pSOFT: press ‘SOFT button
SOFT: dispense soft drink

—9-2019-06-03 — Slscvssw —

A

@ ﬁEJ!U’V /\—|E1g’v
E10Y AE1YY

@’ —~pSOFT"Y A =pSOFTYY

pSOFT?Y A pSOFTYY

(@)Y %so

-SOFT,"Y A=SOFT"Y
V| sorT)"Y A SOFTYY

A=

true

—_ v

€ Lang(B(Z))

TBAoverCs = C U £5,
where C = () and

EE ={E17Y,
E1)"Y  pSOFTY,
pSOFTY Y,
SOFT)"Y,
SOFT, Y, ... }.
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LSCs vs. Software (or Systems)

—9-2019-06-03 — Slscvssw —

VvV, U
SOFT y E[[S]]

w(m) = oo, (o1 U{ELY ,E1YY), (02 U {pSOFT"Y  pSOFT"Y), 03,04, 05,
(06 U{SOFT"Y SOFTYY), ...

W

G OLDENBURG

d

[EE =

W

:

ﬁ
| ]
L

w={},{E1"V ,E1YV Y {pSOFT?V , pSOFTY VY, {3, {}, {},{SOFT Y, SOFTY Y} {},...

User Vend. Mach.
@' -F1 !U’V N-FE1 g,v
El - E10Y AE1YY
| ) —pSOFTYY A —pSOFTYY
pSOFT?Y A pSOFTYY
« SOFT (42]7) ~5OFT}"Y A~50FTYY

| SOFT"Y A SOFTY Y

true

ET: insert 1€ coin
pSOFT: press ‘SOFT button
SOFT: dispense soft drink

€ Lang(B(Z))

TBAoverCs = C U £5,
where C = () and

EE ={E17Y,
E1)"Y  pSOFTY,
pSOFTY Y,
SOFT)"Y,
SOFT, Y, ... }.
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e Live Sequence Charts

e TBA Construction
;(o LSCs vs. Software
7;—(0 Full LSC (without pre-chart)

(® Activation Condition & Activation Mode

—(e (Slightly) Advanced LSC Topics
(® Full LSC with pre-chart

—(e LSCs in Requirements Engineering

(® strengthening existential LSCs (scenarios)
into universal LSCs (requirements)

—(e LSCs in Quality Assurance

e Requirements Engineering Wrap-Up
(¢ Requirements Analysis in a Nutshell

(e Recall: Validation by Translation
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Full LSC Syntax (without pre-chart)

—9-2019-06-03 — Slscac —

,IZ\%C: buy softdrink ,IZ\%:C: power-on self test
: true : true
AM: _ invariant I: permissive AM: _initial I: permissive
i
[
| User Vend. Mach. : User Vend. Ma.
|
| El | ckWATER
[
|
[
| pSOFT | ckSOFT
[
[
[
| SOFT | ckTEA
[
[
[

P S

Afull LSC .Z = (MC, acp, am, © &) consists of
(non-empty) main-chart MC = ((Las, 2ar,~nr)s Zar, Msg s, Condpy, Locinvas, © ),

activation condition acg € ®(C),

strictness flag strict (if false, - is permissive)

e activation mode am € {initial, invariant},
activation mode

chart mode existential (© ¢» = cold) or universal (© ¢» = hot).
_ -
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Software Satisfies LSC

—9-2019-06-03 — Slscac —

Let S be a software which is compatible with LSC . (without pre-chart).

We say software S satisfies LSC .Z, denoted by S = .Z, if and only if

O am = initial am = invariant

o | 3w € Wsew’ E ac A ~tesit(Co) Jw € Wg Ik € Ng e w® = ac A =)ozt (Co)

S A wO = Yprog(0,Co) Aw/1 € Lang(B(XL)) A WP | Pprog (0, Co) ANw/k + 1 € Lang(B(Z))
= Vw e Wg e w? = ac A ~thesit (Co) Ywe WgVk € Noeowh = ac A —terit (Co)

e

= W’ = Pprog (B, Co) Nw/1 € Lang(B(Z))
——

— vt E (0, Co)nw/kl € Lang(B(2))

t

where and C is the minimal (or instance heads) cut of the main-chart.

LSC:  buy softdrink
AC.  true

AM:  invariant I permissive
[

[ User Vend. Mach.
|

: El .
[

| pSOFT
[

[

: - SOFT

[

o

. power-on self test
CACD true o
AM: initial I:  permissive

User Vend. Ma.

(o CKkWATER

ckSOFT

ckTEA
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Software Satisfies LSC

—9-2019-06-03 — Slscac —

Let S be a software which is compatible with LSC . (without pre-chart).

We say software S satisfies LSC .Z, denoted by S = .Z, if and only if

O am = initial am = invariant

- | 3w € Wsew’ = ac A ~heqit (Co) Jw € Wg 3k € Ng @ w® |= ac A eyt (Co)

S A w0 = Pprog (0, Co) Aw/1 € Lang(B(L)) AwF = Pprog (0, Co) Aw/k + 1 € Lang(B(Z))
- Vw € Wg ew? = ac A Perit (Co) Vw e WgVk € Ng ewk E ac A ezt (Co)

2 — W' = Yprog(0,Co) Aw/1 € Lang(B(Z)) — wP = o0, Co)Aw/k+1 € Lang(B(L))

t

where and C is the minimal (or instance heads) cut of the main-chart.

LSC:  buy softdrink
AC.  true

AM:  invariant I permissive
[

[ User Vend. Mach.
|

: El .
[

| pSOFT
[

[

: - SOFT

[

o

Software S satisfies a set of LSCs .4, . ..

LSC: power-on self test
AC.  true
AM: initial I permissive
User Vend. Ma.
ckWATER
- ckSOFT
- ckTEA

,Znifandonlyif S = % foralll < i < n.

3459



—-9-2019-06-03 —main —

LSCs At Work
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Example: Vending Machine

—9-2019-06-03 — Slscatwork —

o Positive scenario: Buy a Softdrink
We (only) accept the software if it
is possible to buy a softdrink.
(i) Insert one 1euro coin.
(ii) Press the ‘softdrink’ button.
(iii) Get a softdrink.

e Positive scenario: Get Change
We (only) accept the software if it
is possible to get change.
() Insert one 50 cent and one 1 euro coin.
(ii) Press the ‘softdrink’ button.
(iii) Get a softdrink.
(iv) Get 50 cent change.

e Requirement: Perform Self-Test on Power-on

We (only) accept the software if it
always performs a self-test on power-on.
(i) Check water dispenser.
(i) Check softdrink dispenser.
(iii) Check tea dispenser.

1 buy softdrink

.true. e
invariant I permissive

User ‘ ’ Vend. Mach.

El

TUDENTENWERK

1Y

|

OLDENBURG
HEE =

Ly

4
S

—

§

.

:  getchange

true -
invariant I:  permissive

User ‘ ’ Vend. Ma.

777777777777777777777

1 power-on self test

true -
initial I:  permissive

User ‘ ’ Vend. Ma.

ckWATER

ckSOFT

ckTEA

|
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e Live Sequence Charts
e TBA Construction
(@ LSCs vs. Software

—(e Full LSC (without pre-chart)

(® Activation Condition & Activation Mode

—(e (Slightly) Advanced LSC Topics
(® Full LSC with pre-chart

—(e LSCs in Requirements Engineering

(® strengthening existential LSCs (scenarios)
into universal LSCs (requirements)

—(e LSCs in Quality Assurance

e Requirements Engineering Wrap-Up
(¢ Requirements Analysis in a Nutshell

(e Recall: Validation by Translation

37/59


westphal
Bleistift


(Slightly) Advanced LSC Topics

3859



Full LSC Syntax (with pre-chart)

—9-2019-06-03 — Slscpc —

LSC:  buy water

AC.  true
AM:  invariant I:  strict
/
/ User CoinValidator ChoicePanel Dispenser

Q\f,/ (J/‘K 6 /// /. C50 :

\ i
\2}/ \ water_in_stock
\
\ | |

\\]\

N

me\/\-clnwé

AN NN NN N NN\

Afull LSC Z = (PC, MC, aco, am, © &) consists of

e (non-empty) main-chart MC' = ((Lar, 2ars~n)s Zar, Msgyr, Cond g, Loclnvys, ©y),

e activation condition acq € ®(C),

e strictness flag strict (if false, £ is permissive)

e activation mode am € {initial, invariant},

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

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

3959
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LSC Semantics with Pre-chart

—9-2019-06-03 — Slscpc —

LSC:  buy water

ﬁﬁ i[meariant L ostct | .
/// ‘ User ‘ ‘ CoinValidator ‘ ‘ ChoicePanel ‘ ‘ Dispenser \
\\\ : p W/i‘ TER , :x i ///
\\\ water_in_stock } ,/
7 . :
Z ‘ | 3
am = initial am = invariant
dJw e Wdm e Ng e dJweWdk<meEINge
o) /\wO |: a'C/\_'q/)emit(CéD) /\wpmg(@? C(f) /\wk |: aC/\_'we:m't(Oép) /\wpmg(@’ CCI)D)
To) ANw/l,...,w/m € Lang(B(PC)) ANw/k+1,...,w/m € Lang(B(RL))
I Aw™ = = (CM) Aw™ = e (CM)
) Aw™ T = Yprog (0, C(JJVI) Aw™H = Yprog (0, C(J)VI)
@ ANw/m + 2 € Lang(B(MC)) ANw/m + 2 € Lang(B(MC))
YVweWVmeINge Yw e WVEk<mEeEINge
0 Aw’ = aC/\_‘@bewit(CéD) A Pprog (0, Céj) Aw" = aC/\_‘wexit(C(I)D) A prog (0, CCI)D)
i ANw/l,...,w/m € Lang(B(PC)) ANw/k+1,...,w/m € Lang(B(PC))
N Aw™ T = )i (CM) A w™ T = St (CM)
©) — W = Py (0, CFT) — W = Y (0, CpT)
ANw/m + 2 € Lang(B(MC)) ANw/m 4+ 2 € Lang(B(MC))

where CF" and CJ are the minimal (or instance heads) cuts of pre- and main-chart.
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Pre-Charts At Work
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Example: Vending Machine

—9-2019-06-03 — Spcatwork —

e Requirement: Buy Water

We (only) accept the software if,

(i) Whenever we insert 0.50 €,

(i) and press the ‘water’ button
(and no other button),

(iii) and there is water in stock,

(iv) then we get water
(and nothing else).

o Negative scenario: A Drink for Free

We don'’t accept the software if
it is possible to get a drink for free.

(i) Insert one 1euro coin.

(ii

(iv) Get two softdrinks.

OLDENBURG

HEE =

Ly

4

S

LSC:  buy water
AC: true
AM:  invariant |1 strict
,,,,,,,,,,,,,,,,,,,,,,,,,, \
/
‘ User ‘ ‘ CoinValidator ‘ ChoicePanel ‘ ‘ Dispenser ‘ \\
T T T \
% 50 I I I \
7 [ ‘
; | } -(C50!v E1!V pSOFT!
pW/JTER } | V pTEA!V pFILLUP!)
/ |
.‘ ! /
water_in_stock | /
| /
- \
7 ¢
7 WATE/.B
/ I —(dSoft! v dTEA!)
/ o | -—
/
a |
7 ‘ !
/ I I
7/ | |

) Press the ‘softdrink’ button.
(iii) Do notinsert any more money.
)

LSC:
AC:
AM:

invariant I

only one drink

permissive

| |

Vend. Ma. \

E1

- \

pSOFT

SOFT

SOFT

false
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LSCs in Requirements Analysis
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Requirements Engineering with Scenarios
VAN VARV

—9-2019-06-03 — Sstrengthen —

Q/Ne:ci? Solution!
O O g
@] secy
ez ‘ | | i | e

e o

Customer  Developer Customer  Developer Customer  Developer

announcement offer software contract
(Lastenheft) (Pflichtenheft) (incl. Pflichtenheft)

One quite effective approach:

S

O

o o

Developer Customer
software delivery

() Approximate the software requirements: ask for positive / negative existential scenarios.

o Ask the customer to describe example usages of the desired system.
In the sense of: “If the system is not at all able to do this, then it's not what | want.”

(— positive use-cases, existential LSC)

o Ask the customer to describe behaviour that must not happen in the desired system.

In the sense of: “If the system does this, then it's not what | want.”
(— negative use-cases, LSC with pre-chart and hot-false)

(i) Refine result into universal scenarios (and validate them with customer).

e Investigate preconditions, side-conditions, exceptional cases and

(— extend use-cases, refine LSCs with conditions or local invariants)

o Generalise into universal requirements, e.g., universal LSCs.

o Validate with customer using new positive / negative scenarios.
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Strengthening Scenarios Into Requirements
> \srji\ —

—
Customer  Developer Customer  Developer Customer  Developer
announcement offer software contract
(Lastenheft) (Pflichtenheft) (incl. Pflichtenheft)

OQ
k- -

Developer Customer
software delivery

https://enwikipediaorg/wiki/Mercedes-Benz_.S-Class_%28W221%29#/m


https://en.wikipedia.org/wiki/Mercedes-Benz_S-Class_%28W221%29#/media/File:Mercedes_W221_driver%27s_door_controls.JPG

S trengthen%g> Scenarios Into Requirements

Customer  Developer
announcement

=
i
-

(Lastenheft)

Customer  Developer

offer
(Pflichtenheft)

b

Developer

software contract
(incl. Pflichtenheft)

e
‘Y‘”ﬂ -

Customer

Developer

=

s |

Customer

software delivery

o Ask customer for (pos./neg.) scenarios, note down as existential LSCs:
~N—

I ; I
: ’ Button ‘ ’ Controller ‘ ’ Motor ‘ ’ Sensor ‘ } : ’ Button ‘ ’ Controller ‘ ’ Motor ‘ ’ Sensor }
\ [ \
I ’ down pressed ‘ } I down pressed ‘ I }
} ‘[ position # bottom : } position # bottom } :
; : move down | ; move down } |
| | | |
| } bottom reached | | down released } |
[ \
: | stop | | } | stop ‘ |
e O S AU SO St SO S
) - - - - - - - - - - - - - - - - - - - 777" \
// Button ‘ ’ Controller ‘ ’ Motor ‘ ’ Sensor ‘ \\
/ \
down pressed ‘ \\
. position = bottom @
\ movedown
\ /
\ /
false
| | | |
| | | |
e Strengthen into requirements, note down as universal LSCs:
W
LSC:  move down 1 LSC:  move down 2
AM:  invariant I:  strict AM:  invariant |:  strict LSC: don't move
- " \ /2 \ AM:  invariant |:  strict
,/ ’ Button ‘ ’ Controller ‘ ’ Motor ‘ ’ Sensor ‘ \ / ’ Button ‘ ’ Controller ‘ ’ Motor ‘ \ , \
/ \\ \) / ’ Button ‘ ’ Controller ‘ \
\\ down pressed // down pressed / // J \
\ | position # bottom T / \\ position # bottom T // \ down pressed )
\ . - AL T e ——————— N \\ | position = bottom
| move down | { —~down_released > | move down { ﬁbottom_reached/ > | .
\ i i \ \ [ /
[ ! bottom reached l ' down released ‘ L { {
‘ | T | down released
} stop | : : stop | | * T
| | | | | | | | |

—9-2019-06-03 — Sstrengthen —

e Re-Discuss with customer using example words of the LSCs' language.

—move_down
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LSCs vs. Quality Assurance
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How to Prove that a Software Satisfies an LSC?

—9-2019-06-03 — Slscqa —

LSC:  buy softdrink
AC:  true
AM:  invariant |1 permissive

-
I
I User | | Vend. Mach. :
! I
| FEl _ |
! I
! I
| pSOFT | I
| |
I
| SOFT |

|

I

LSC: getchange

AC: true

AM:  invariant |: permissive L
| |
: User | | Vend. Ma. :
! C50 |
| |
| |
| El |
| o |
| |
| pSOFT :
! i} I
! I
: _ SOFT |
. l
:  chg-C50 :
! I

— e — a1

e Software S satisfies existential LSC . if there exists 7 € [S]
such that .# accepts w(). Prove S = ¢ by demonstrating .

o Note: Existential LSCs* may hint at test-cases for the acceptance test!
(x: as well as (positive) scenarios in general, like use-cases)

verification & validation

requirements

b = ———— » | acceptance
fixed

system
specified

architecture
designed

-

modules
designed

- ———

__________ System
| ==

4859



How to Prove that a Software Satisfies an LSC?

—9-2019-06-03 — Slscqa —

LSC:  getchange
AC: grue €

AM: invariant |:  permissive
—
} ‘ User ‘ ‘ Vend. Ma. ‘ :
| |
LSC:  buy softdrink | C50 |
AC: true | |
AM:  invariant |1 permissive | |
ettt ————— I El }
} ‘ User ‘ ‘ Vend. Mach. ‘ I } |
|
} E1 } ; pSOFT }
| | | |
| PpSOFT | ! SOFT !
| |
| |
| |
! SOFT | | hg-C50 |
|
| |
| |

verification & validation
e Software S satisfies existential LSC .Z if there exists m € [S] * ------------------ ’

such that .Z accepts w(w). Prove S = . by demonstrating . « _____________

e Note: Existential LSCs* may hint at test-cases for the acceptance test! * _______ _

(: as well as (positive) scenarios in general, like use-cases) m
modules - system
designed / realised /

4859



How to Prove that a Software Satisfies an LSC?

—9-2019-06-03 — Slscqa —

LSC:  getchange
AC: ?rue e

AM: invariant |:  permissive
—
} ‘ User ‘ ‘ Vend. Ma. ‘ :
| |
LSC:  buy softdrink | C50 |
AC: true | |
AM:  invariant |1 permissive | |
— 77 | E1l !
} ‘ User ‘ ‘ Vend. Mach. ‘ I } }
|
} El | | pSOFT }
| ! I I
| } | |
| pSOFT | } SOFT }
| |
| |
| |
} SOFT | } hg-C50 }
|
| |
| |

verification & validation

e Software S satisfies existential LSC .Z if there exists m € [S] * ------------------ *

such that .Z accepts w(w). Prove S = . by demonstrating . « _____________

e Note: Existential LSCs* may hint at test-cases for the acceptance test! * _______ _

(: as well as (positive) scenarios in general, like use-cases) m
modules - system
designed / realised /

LS_C: buy water
LSC:  only one drink QPC/\ itgileariant I: strict
AC: true S oo \
AM: invariant |: permissive / - A N R \
- // ‘ User ‘ ‘ CoinValidator ‘ ‘ ChoicePanel ‘ ‘ Dispenser ‘ \
,/ User ‘ ‘ Vend. Ma. \\ // 7 . 1 } } \\
/ K €500
/ E1 \\ ,\’ 2 \ | i ~(C501v E11V pSOFT!
// Ssorr \ \\\ 5_% | i} | V pTEA!V pFILLUP!)
\\ //) \\ water_in_stock } //
\\\ SOFT ~C50LA—EIT> . % 1 1 :
/ / amw,
" SOFT / / w Len ~(dSoft! v dTEAY) >
\L Jl ; 6] | R—
false ; ! :
7 1 1
e Universal LSCs (and negative/anti-scenarios!) in general need an I
(Because they require that the software exhibits the unwanted behaviour.)

Prove S [~ £ by demonstrating one 7 such that w(7) is not accepted by .Z.
4859



Pushing Things Even Further

—9-2019-06-03 — Slscqa —

(Harel and Marelly, 2003)
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Tell Them What You’ve Told Them. . .

—9-2019-06-03 — Sttwytt —

o Live Sequence Charts (if well-formed)

e have an abstract syntax: instance lines, messages, conditions,
local invariants; mode: hot or cold/

e From an abstract synta\yﬁechanically construct its TBA.

o An LSC s satisfied by a software S if and only if

e existential (cold):

® thereis a word induced by a computation path of S
e which is accepted by the LSC's pre/main-chart TBA.

e universal (hot):

e all words induced by the computation paths of .S
® are accepted by the LSC’s pre/main-chart TBA.

e Pre-charts allow us to

e specify anti-scenarios (“this must not happen’;)}/
e contrain activatior\l./

e Method:

e discuss (anti-)scenarios with customer,

o generalise into universal LSCs and re-validate.
—
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Requirements Engineering Wrap-Up
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Topic Area Requirements Engineering: Content

VL5 e Introduction
o Definition: Software & SW Specification

e Requirements Specification

—9-2019-06-03 — Sblockcontent —

VL 6

—e Desired Properties
Vocabulary
—(e Kinds of Requirements
—e Analysis Techniques Techniques
e Documents el

(e Dictionary, Specification

e Specification Languages
—(e Natural Language

(e Decision Tables

(® Syntax, Semantics

I

semi-formal

I

VI? ’ (® Completeness, Consistency, ... 2
VL8 L[(s Scenarios
(® User Stories, Use Cases
(® Live Sequence Charts
VL9 (® Syntax, Semantics
e Wrap-Up
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Risks Implied by Bad Requirements Specifications

-5-2019-05-13 - Sreintro -

—9-2019-06-03 — Swrapup —

preparation of tests,

e without a description of allowed outcomes, tests are
randomly searching for generic errors (like crashes)
— systematic testing hardly possible

design and implementation,

e without specification,
programmers may just “ask
around” when in doubt, possibly
yielding different interpretations
— difficult integration

acceptance by
customer,
resolving later

negotiation L
(with customer ObjECtIOﬂS or regress
. ’ ) require- i — CI.a.ImS,
m arket| n g negotiation Z;th_s ::saL.luIr?nce
fication without specification, it

department, or

\

customer developer

is unclear at delivery
time whether behaviour
is an error (developer
needs to fix) or correct
(customer needs to
accept and pay) —
nasty disputes,
additional effort

documentation, e.g, the user’'s manual,

o without specification, the user's manual author can only
describe what the system , not what it should do

(“every observation is a feature”) _ L
e without specification, re-use needs to be based on

_ _ re-reading the code — risk of unexpected changes
e later re-implementations.

o the new software may need to adhere to requirements of the old software; if not properly specified,
the new software needs to be a 1:1 re-implementation of the old — additional effort 12,49

5359




Requirements Analysis in a Nutshell

—9-2019-06-03 — Swrapup —

o Customers may not know what they want.

e That's in general not their “fault”!
e Care for tacit requirements.
e Care for non-functional requirements / constraints.

o For requirements elicitation, consider starting with

e scenarios (“positive use case”’) and anti-scenarios (“negative use case”)

and elaborate corner cases.

Thus, use cases can be very useful — use case diagrams not so much.
e Maintain a dictionary and high-quality descriptions.

o Care for objectiveness / testability early on.

Ask for each requirements: what is the acceptance test?

e Use formal notations

e to fully understand requirements (precision),
o forrequirements analysis (completeness, etc.),

e to communicate with your developers.

e If in doubt, complement (formal) diagrams with text
(as safety precaution, e.g., in lawsuits).

5459



—9-2019-06-03 — Swrapup —

Formalisation Validation

—7-2019-05-20 — Setdisc —

Two broad directions: e Option 1: teach formalism o Option 2: serve as
(usually not economic). translator / mediator.

® # :invalid

=:maybe valid

scenario S (v//X) valuation o

® T room ventilation | r2 | else

}m —\ ‘ /—) b button pressed?
off ventilation off?
- / \ on__ ventilation on?

go start ventilation

s ’ @ @ stop  stop ventilation
! FM expert

x| x x

X[||x 1 x

v/IX =/~

customer

® domain experts tell system scenario S (maybe keep back, whether allowed / forbidden),
@ FM expert translates system scenario to valuation o,

® FM expert evaluates DT on o,

@ FM expert translates outcome to “allowed / forbidden by DT,

® compare expected outcome and real outcome.

W. Recommendation: (Course’s Manifesto?)

e use formal methods for the most import intricate requirements

(formalising all requirements is in most cases not possible),
riate formalism for a given task,

you know (riaﬂy) well.

e use the most ap

e use formalisms t
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