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Topic Area Requirements Engineering: Content
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VL6 e Introduction
o Requirements Specification

—e Desired Properties

—e Kinds of Requirements

—e Analysis Techniques

e Documents

(e Dictionary, Specification

e Specification Languages
—(e Natural Language

VL7 e Decision Tables

(® Syntax, Semantics

(® Completeness, Consistency, ...

VL8 (e Scenarios

—® User Stories, Use Cases

—(® Live Sequence Charts

VL9 (® Syntax, Semantics

—® Working Definition: Software

e Discussion
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Content
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e Excursion: Symbolic Biichi Automata

e LSC Semantics:

(e Cuts, Firedsets,

e Automaton Construction

(e Full LSC (activation, chart mode)

e Pre-Charts

(e Requirements Engineering with scenarios

(e Strengthening scenarions into requirements
o Software, formally

—(e Software specification

—(e Requirements Engineering, formally

—(e Software implements specification

e LSCs vs. Software
—(e Software implements LSCs

(e Scenarios and tests
—e Play In/Play Out

e Requirements Engineering Wrap-Up
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LSC Semantics
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The Plan: A Formal Semantics for a Visual Formalism
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concrete syntax ( &, )

(diagram) ZO@CAonS

((L£,=X,~),Z,Msg,Cond, Loclnv, ©)
abstract syntax

(
\

N
\> (@D

semantics
(Blchi automaton)
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Excursion: Symbolic Biichi Automata
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From Finite Automata to Symbolic Biichi Automata
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— L(B)<T”
. - A . ¥ ={0,1} B: . ¥ ={0,1}
ke N Blichi
w @.@ | ‘:, infinite words 'o (0 . ezCB)
OOO J 08(3):. 0(10) W = 000 Qt(ﬁ)
(04> 0| w= Ol B ¥ =4{0,1}
b ke pmeB* ()
= 0 (oY
2(®)=loiqFa0% D o
symbolic
symbolic
= ({z} —» IN) Bsym: () Y= ({z} —- N)
€’U€’I’L BUChI even\x
@. (@)
odd (z) infinite words odd (z)

Ly= (¥=2) (x=8) (=) (x=}) w,(m )
W= (es2) (25D (= ) €L (A g )
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Symbolic Biichi Automata
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Definition. A Symbolic Biichi Automaton (TBA) is a tuple

B = (Cs,Q, Gini, —, QF)

where

o Cpis a set of atomic propositions,

o Q is afinite set of states, eXESHIOMsS 0y 53
* qini € Q is theinitial state,
o — C @ x ®(Cp) x Q is the finite transition relation.

Each transitions (g, 1, ¢) € — from state q to state ¢
is labelled with a formula ¢y € ®(Cp).

o Qr C Qs the set of fair (or accepting) states.
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Run of TBA
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Definition. Let B = (Ci, @, ¢ini, —, Qr) be a TBA and baolades

w = 01,02,08, -+ € (P(Cs) = B)~ m('»afc sey.

an infinite word, each letter is a valuation of ®(Cp).

An infinite sequence
0=qo0,q1,q2,--- € Q"
of states is called run of B over w if and only if

¢ 4o = Yini,

o foreachi € INy thereis a transition (q;, ¥, gi+1) €— st. o, E ;.

W
- (x=2){(x=5) &:9)) Bsym = ({z} » )

even(x)

Example: @ ‘
R=%a Yer Tada, il
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The Language of a TBA
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Definition.
We say TBA B = (Ci, Q, qini, —, QF) accepts the word

w = (0;)ien, € (P(C) — B)*

ifand o @
k / 0= (Qi)iEINO

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

Vie Nodj>1:q; € QF.

We call the set Lang(B) C (®(Cs) — B)“ of words that are accepted by B
the language of 5.

Bsym: ¥ =({x} - IN)
N even(x)

Example: (ar)

odd(x)
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LSC Semantics: TBA Construction

/56



The Plan: A Formal Semantics for a Visual Formalism
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[ o [ & J[ & |

—z |
e

concrete syntax
(diagram)

((L£,=X,~),Z,Msg,Cond, Loclnv, ©)
abstract syntax

S @D

semantics
(Blchi automaton)

12/56


westphal
Bleistift


LSC Semantics: It’s in the Cuts!
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o I PR 1

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 isdownward closed, i.e.
Vi,l'l e Lol cCANIXI = 1€,

e is closed under simultaneity, i.e.
Vi,l!l e Lol cCNI~I = 1€ (C,and

e comprises at least one location per instance line, i.e.
VieZeCNIH#I.

The temperature function is extended to cuts as follows:

o(C) = hot ,ifdlecCe(Bl'cCel=<1)ANO()=hot
) cold ,otherwise

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

() # C C L - downward closed - simultaneity closed - at least one loc. peﬁnstance line
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Cut Examples
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) # C C L - downward closed - simultaneity closed — at least one loc. per instance line

I3,1 o
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A Successor Relation on Cuts

-9 -2016-06-06 - Scutfire -

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 LSC body ((£, <, ~),Z, Msg, Cond, Loclnv, ©).

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

o CNF=0and C U Fisacut,ie. Fis closed under simultaneity,

o all locations in F are direct <-successors of the front of C, i.e.
VieFI eCol' <IN(PI" cCol <1"),

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

o for each asynchrongus 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
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@ ) ©,

—

CNJF =0-C U Fisacut-only direct <-successors — same instance line on front pairwise unordered -
sending of asynchronou,s«(ﬁfﬁeption already in

—/
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Language of LSC Body: Example
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Tl1,1

E? A ¢

]

g a
‘ \

S s e e e e o = = a
’
.

“l31

The TBA B(.¥) of LSC Z over Cand € is (Ci, Q, ¢ini, —, Q) with
o Cp =CU&q7,where&, = {E!,E? | E € &},

e (Qis the set of cuts of .Z, ¢;,; is the instance heads cut,

—_—— e — — — — —

-E?

E?Aé

~(F?VG!V G?)
F? A ~(GI A G?)

e — consists of loops, progress transitions (from ~- ), and legal exits (cold cond./local inv.),

e Qr ={C € Q| ©6(C) =cold Vv C = L} is the set of cold cuts and the maximal cut.

—(G'NG?)
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TBA Construction Principle

-9 -2016-06-06 - Scutfire -

Recall: The TBA B(.Z) of LSC Zis (C, Q, qini, —, Q F) with

Q is the set of cuts of ., q;,; is the instance heads cut,

e Cp =CUE&pn-,

— consists of loops, progress transitions (from ~~ £), and legal exits (cold cond./local inv.),
F={C eQ|O(C)=coldV C = L} is the set of cold cuts.

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

—={(q: Y10op (@), @) | ¢ € QY U {(q, Yprog(a, 7" ):d") | ¢ ~7 d'} U{(q,Vesit (@), L) | ¢ € Q}

Yioop (q): “what I I I3

allows us to stay at !

- cut q” .* :

wezit (CI) 3 / o l

“what allows us to Doros (4,0 { a ; |
» _ prog\d; 4 ) == C

legally exit™—| « 7,7 \ __characterisation of "%AT

firedset F,” :

!

O .

D __ | |
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TBA Construction Principle

“Only” construct the transitions’ labels:

—={(q: Y10op (@), @) | ¢ € QY U {(q, Yprog(a, ¢ ), d") | ¢ ~7 d'} U{(q,Vesit (@), L) | ¢ € Q}

=t (a)

7\

Yioop (@) = V"B (@) A o™ (0) APESE™ (q)

wem‘t(Q) =
(Vieop (0) A ~ega™ (a) -
v vlgign (¢;229<Q7 qi)

Loclnv,
A (ea (@ a)V~Yega (4, 40)))

I Iz I3

Vprog (45 qn) = =¥ ooy (2:4n)

7\

~

M Cond Loclnv,
(2 Sg(Qa Qn) A wh:tn (CI7 Qn) A ¢h§tc ™ .(CI7 Qn)
Locl
AP (@, an) A begq™ (4, qn)

-9 -2016-06-06 - Slscsem -
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Loop Condition

-9 -2016-06-06 - Slscsem -

Vioop (@) = PV (q) A Y™ (q) A 3™ (q)

© stg(Q) = \/1§@'§n wMSg(anz‘) A (St’l“ict — /\ _‘w)
YEE 7 MMsg(L)

\ - 4

=:Ystrict (CI)

Locl —
® weoc nV(q) - /\e:(labagballabl)eLOCInv’ @(E)ZQ’ ¢ active atq ¢

A location [ is called front location of cut C'ifandonly if A’ € L el < I’.

Local invariant (1o, to, ¢, 11, 1) is active at cut (!) ¢
if and only if o <[ < l; for some front locationlof cutgorl =11 At1 = e,

o Msg(F)=A{E!|(l,E,l')eMsg,le F}U{E?| (l,E,l') € Msg, I € F}

® Msg(fl,...,Fn) :U1§’LSTL Msg(fz) I I I3
|
=
T B
D___ |
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Progress Condition

-9 -2016-06-06 - 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(E17NMMsg(L))\Msg(F;)

\ . 7
~~

= Ystrict (4,9 )
© V5" (e %) = Ny=(L,¢)eCond, ©(7)=6, L(a:\a)70 ¢

Loclnv,e .
° Yy (9,q:) = /\A:(Z,L,(b,l’,L’)ELoclnv, ©(N\)=0, X e-active at g; ¢
Local invariant (1o, t0, ¢, 11, t1) is e-active at ¢ if and only if

o lop<1l<Iq,o0r

o Il =1Ilg ANty =e,o0r I I I|3
o l=0[1 Nt1 = e 4 A :
. R |

for some front location [ of cut (!) q. e |
N 7 B C |

|

|

D __ I
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r L/Se\_/\@DD a2 (e!) 415? /l"lF-/

=Y A=F? 6!
E?ﬂ'lﬁ p ) 2 A’lé.?
qai)"E*/l &, .

4 NS
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Full LSCs
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AfullLSC Z = (((£,=X,~),Z,Msg, Cond, Loclnv, ©), aco, am, © ) consists of

body ((£,<,~),Z,Msg, Cond, Loclnv, ©),
activation condition acg € ®(C),

activation mode am € {initial, invariant},

strictness flag strict (if false, . is permissive)

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

Concrete syntax:

LSC. %4

AC: C1

AM: initial I: permissive

|

| I I I3

|

| |
|

i o |

| o |

: |

| £ |

| ]

|

|

! - G

|

|

|
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Full LSCs
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AfullLSC Z = (((£,=X,~),Z,Msg, Cond, Loclnv, ©), aco, am, © ) consists of
e body ((£,=,~),Z,Msg, Cond, Loclnv, ©),

LsCG 2
AN initi : ermissive
e activation condition acy € ®(C), — I'n't'al "' ’,, Sl
o strictness flag strict (if false, £ is permissive) | !
e activation mode am € {initial, invariant}, A et |
I | I
e chart mode existential (© ¢» = cold) or universal (© ¢» = hot). 3 —e
A set of words W C (C — B)“ is accepted by . if and only if
X am = initial am = invariant
- Jw e Wew’ = ac A Jw c W3k € Ng e w” |= ac A
S | "W v (0, Co) A w/1 € Lang(B(2)) Wk =S4 (0, Co) Aw/k + 1 € Lang(B(2))
Vwe Weuw® & ac = ’VJ\U‘GWX,@_GH\Ioowk ac. —>
e o~
2 w0 = <o (), Co) Aw/1 € Lang(B(ZL)) wk = pCord(, Co) Aw/k + 1 € Lang(B(.ZL))

where ac = acg A ¢C°"d(@, Co) N ¢Msg(@, Co); Co is the minimal (or instance heads) cut.

cold
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Full LSC Semantics: Example

-9-2016-06-06 - Slscsem -

B!
- \‘193 -E?
LSC. %
AC: 611 E? /\ ¢
AM: initial I  permissive
| ]1 _[2 I3 |
| ' | Fl
[
I | |
| — B | | | ~(F?V GV G?)
7N |
| S | | F? A —(GIAGY)
i ' [
[
| —L | ?AF? @' ~(GI A G?)
[
. | I
| . G | |
| | | ! |
| | |
[ [
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Example: Vending Machine

chart -

-9-2016-06-06 - Spre

o Positive scenario: Buy a Softdrink

(i) Insert one 1 euro coin.
(i) Press the ‘softdrink’ button.
(iii) Get a softdrink.

o Positive scenario: Get Change
(i
(ii) Press the ‘softdrink” button.
(iii) Get a softdrink.

)
)
)
(iv) Get 50 cent change.

o Negative scenario: A Drink for Free

(i) Insert one1euro coin.

(ii) Press the ‘softdrink’ button.
(iii) Do not insert any more money.
(iv) Get two softdrinks.

|

OLDENBURG
HEE =

=

AN

Insert one 50 cent and one 1 euro coin.
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Example: Buy A Softdrink

chart -
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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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(EIEED

UNANIAT0 Ly =

permissive

get change

Mm_
Invariant

LSC:

AC:
AM:

Example: Get Change

Vend. Ma.
P
P
|
|

C'50
1l
pSOFT
SOFT
chg-C50

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

User
V
V
V
V
v
V
V
v
V

27/56
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Anti-Scenarios: Don’t Give Two Drinks

chart -

-9-2016-06-06 - Spre

LSC:  only one drink
AC: true
AM:  invariant I permissive
—\
,/ User Vend. Ma. \\
P \
1, E1 o \
% \
/ g \
/ y \
/ gl pSOFT — \
\ / /
\ X /
\
:;4 SOFT
//
// /
Y SOFT /
/7 . .............. /
// /
< false >
"

HEE =

~ LIGOLDENBURG

L\_

28/56


westphal
Bleistift

westphal
Bleistift


Pre_ChartS ,I&%ZC only one drink

true

-9 -2016-06-06 - Sprechart -

AM:  invariant |: permissive L
\
J User Vend. Ma. \
// F1 o \\
/ . \
/ \
/’ pSOFT N \\
\
\
\\ > SOFT
\\ )
\ > SOFT /
\ /
\ /
false
” |
AfullLSC.Z = (PC, MC, aco, am, 0 &) consist of

pre-chart PC' = ((Lp,=2p,~p),Zp,Msgp,Condp, Loclnvp, © p) (possibly empty),
main-chart MC' = ((Lar, S, ~nm ), Zar, Msga, Cond g, Loclnvys, © ) (non-empty),

activation condition acg € ®(C),

strictness flag strict (if false, . is permissive)

activation mode am € {initial, invariant},

chart mode existential (© ¢+ = cold) or universal (© ¢» = hot).
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Universal LSC: Example
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LSC:  buy water
AC: true

AM: invariant |:  strict

HEE =

~ LI OLDENBURG

water_in_stock >

=(C50!'Vv E1!'V pSOFT!
V pTEA!V pFILLUP!)

ek

—(dSoft! v dTEA!)>

Lk

3056



Pre-Charts Semantics
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LSC:  buy water
k%c gzley one drink QIS\ itg\llgriant L ostict [
AM:__invariant | _permissive - ///‘ User ‘ CoinValidator ‘ ‘ ChoicePanel ‘ ‘ Dispenser ‘ \
// User ‘ ‘ Vend. Ma. \\ // v e } ; ; \\
/// Bl \\ // ; - ‘ : } —(C50!'v E1!'V pSOFT!
; \ \ / . | | ! 1V 9 |
; JSOFT | \ Wl | V pTEA!V pFILLUP!)
\\ //) \\ water_in_stock } //
\\ SOFT ~C500 A —EITY : 7 - 1 !
\\ SOFT // 2 | dWATER —(dSoft! v dTEA!) >
\ ! / 0 | —
false ; | 1
4 7 1 1
O am = initial am = invariant
Jw e W3Im € Ng e w’ = ac Jw € W3k <m € Ny ew” = ac
0 Cond P k Cond P
S o) N w |: whgtn (®7 C’O ) N w |: whgtn (®7 C’O )
Tcg ANw/l,...,w/m € Lang(B(PC)) ANw/k+1,...,w/m € Lang(B(PC))
A w™ T = o0, Ot Aw™ T = (0, CgY)
ANw/m+1 € Lang(B(MC)) ANw/m+1 € Lang(B(MC))
Vw e W ew® = ac Vw e WVk<méeNgew” = ac
Aw® = (0, Cy) Awk = (0, CF)
5 ANw/l,...,w/m € Lang(B(PC)) ANw/k+1,...,w/m € Lang(B(PC))
<

A ,wm-i-l |: ¢Cond(®, Cé%)

cold

— wm+1 |: wCond((b,C(J)\/I)

cold

ANw/m+1 € Lang(B(MC))

A wm-l—l |: wCond (@, C(])\/I)

cold

— ,wm-i-l |: wCond(®7Cé\4)

cold

ANw/m+1 € Lang(B(MC))
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Requirements Engineering with Scenarios

Needs! Solution!
O O
@] @] O

ﬁﬁi 2a— @

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

One quite effective approach:

(i) Approximate the software requirements: ask for positive / negative existential scenarios.
(i) Refine result into universal scenarios (and validate them with customer).

That is:

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)

e Investigate preconditions, side-conditions, exceptional cases and corner-cases.
(— 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

1 OO
= N - &4 - :
L L 8
Customer  Developer Customer  Developer Customer  Developer Developer Customer
announcement offer software contract i
(Lastenheft) (Pflichtenheft) (incl. Pflichtenheft) software dellvery

28W221%29#/

-Benz_S-Class. %

https://en.wikipédia.org/wikiAMefcedes:

w
S
N
U
o


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

Customer  Developer
announcement
(Lastenheft)

Customer  Developer

offer
(Pflichtenheft)

Customer

software contract
(incl. Pflichtenheft)

Developer Developer

e Ask customer for (pos./neg.) scenarios, note down as existential LSCs:

| | | |
} ’ Button ‘ ’ Controller ‘ ’ Motor ‘ ’ Sensor ‘ I } ’ Button ‘ ’ Controller ‘ ’ Motor ‘ ’ Sensor I
\ I ‘ \

} ’ down pressed ‘ } } ’ down pressed ‘ \ \ }
1 ‘[ position # bottom I 1 ‘[ position = bottom } } I
[ : move down } [ : { } } }
\ \
! | bottom reached | ! | | } } |

\ ‘ \ \ \ \ ‘
} [ stop } ‘ } \ \ \ \ ‘
oA ____ ! Y R e S B !
f— s - e ) - - - - - - - - \
: Button ‘ ’ Controller ‘ ’ Motor ‘ ’ Sensor I )/ Button ‘ ’ Controller ‘ ’ Motor ‘ ’ Sensor ‘ N

T ‘ / \
} down pressed ‘ I } / down pressed ‘ \\
- | -
3 position # bottom } } \\ position = bottom position — bottom>
move down | | N move down y
\
} down released } } h !
| false
} } stop : ‘ [ [ [ [
- | | | | |
e Strengthen into requirements, note down as u |4
LSC: movedownl LSC:  move down 2
AM:  invariant |:  strict AM:  invariant [ LSC: dont move
- - " - A AM:  invariant | strict
// ’ Button ‘ ’ Controller ‘ ’ Motor ‘ ’ Sensor ‘ \ , \
/ \\ / ’ Button ‘ ’ Controller ‘ \
\\ down pressed // down pressed J \\
\ position # bottom / \\ position # bottom // down pressed !
\ - D it T e —————— - N \ position = bottom
move down . —~down_released > move down 4 ﬁbottom_reached/ \
l—» NEhpddthapuintipdibel l—» NEptaatletiptiah \ /
! down released;

|
—t
|
|
|
|
|
|
|

=

: *® P a°
i - P i

Customer
software delivery

bottom lreached
T
|

stop

- — & — —

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

|
|
|
I
|
|
|

/( | |

down released

@éea(o/

—down )

3456
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o Live Sequence Charts (if well-formed)

e have an abstract syntax.
e From an abstract syntax, mechanically construct its TBA.

o Auniversal LSC is satisfied by a software S if and only if

e all words induced by the computation paths of S
e are accepted by the LSCs TBA.

o An existential LSC is satisfied by a software S if and only if

e thereis a word induced by a computation path of S
e which is accepted by the LSC’s TBA.

o Pre-charts allow us to specify

e anti-scenarios (“this must not happen’),

e activation interactions.

e Method:

e discuss (anti-)scenarios with customer,
e generalise into universal LSCs and re-validate.

4856
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