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One quite effective approach:

try to approximate the requirements with positive and negative scenarios.

pprommate

« Dear customer, please describe example usages of the desired system.
Jescribe example usages of the desired system.
‘Customer intuition: “If the system is not at all able to do this, then it's not what | want.
= Dear customer, please describe behaviour that the desired system must

‘Customer intuition: “If the system does this, then it's not what | want”
» From there on, refine and generalise:

what about exceptional cases? what about corner-cases? etc.
= Prominent early advocate: OOSE (Jacobson, 1992).
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Notations for Scenarios Use Case: Definition

« The idea of scenarios (sometimes without negative or anti-scenarios)
(re-Joccurs in many process models or software development approaches.

« In the following, we will discuss two-and-a-half notations:
. Use Case — A sequence of interactions between an actor (or actors) and a system
« Use Cases and Use Case Diagrams (OOSE) Use Cases triggered by a specific actor, which produces a result for an actor. (Jacobson, 1992)

« User Stories (part of Extreme Programming)

= Sequence Diagrams (here: Live Sequence Charts (Damm and Harel, 2001))

Tie T Bras. s
Use Case: More Precisely Use Case Example: ATM Authentication ™ Once Again: Use Case Definition
Geldautomat
Authentication
« Ause case has participants: the client wants access to the ATM
the system and at least one actor. pre-condition the ATM is operational, the welcome
- screenis displayed,
% Actor: an actor represents card and PIN of client are available
what interacts with the'system. post-condition client accepted,
services of ATM are offered N "
i " Use Case — A uence of interactions between an actor (or actors) and a system
« Anactoris a role, which a user or an external 2 o) —ccess denied, card retumed or Use Case — A sequence of interaction an m .?sz%ﬁé
system may assume when interacting with the system and the particip T Y withheld, welcome screen displayed riggered by a specilic actor, which procuices a result for an actor. .
the system under design. that are needed to achieve — lent i actor Barkystem
« Actors are not part of the system, ©open questions
thus they are not described in detail normal case serts card
. ATM read card,
sends data to bank system
3. bank system checks validity “card readable, but not AT
4. ATM shows PIN screen card
5. client enters PIN no connection to bank system
- 6. ATM reads PIN, «card not valid or disabled
pre-condition sends to bank system - -
post-condition 7. banksystem checks PIN cllent cancels __
post-cond.in 8 ATM e “client doesn't react within 55
exceptional case no connection to bank system
actors PRI | card not readable st or second PIN wrong f
T 2a1 ATM displays “card not readable” %
e 222 ATM returms card H
2a.3 ATM shows welcome screen % 1246




Use Case Diagrams

Example: Use Case Diagram of the ATM Use Case

Use Case Example: ATM Authentication

— o

Authentication
client (main actor) bank system

Use Case Diagrams: Basic Building Blocks
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Use Case Diagrams: More Building Blocks

{use case name)

T———> -
{use case name)

(actor name)

More notation:

o OO

wsecaseh wsecseh
2 ?
1 (erenss) ! uses) o (inloe)
wsecased wsecased

15746

Example: Use Case Diagram of the ATM Use Case

1445 - 156

Use Case Diagram: Bigger Examples
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(Ludewig and Lichter, 2013)
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User Stories (Beck, 1999)

“A User Story is a concise, written description of a piece of functionality
that will be valuable to a user (or owner) of the software.”

Per user story, use one file card — proposed card layout (front side):

[ty | uniaue Herier marme ] esimaton |

As a [role] I want [something] so that [benefit].

wit
Natural Language Patterns

Natural | d to b

the pattern () (B} (C) (D} (E) (). (German grammar) where

ot A it [
o B | isMUST (obligation). SHOULD (wishl. or WILL (intention):
also: MUST NOT (forbidden)
. | iseither the systen or the concrete name of  (sub-Jsystem
D | one o three possiilties:
“does’ description of a system activty. 20
“offers description of  function offered by the system to somebody.

User Stories

1945

User Stories: Discussion

easy to create, small units

close contact to customer

objective / testable: by fixing test cases early

may get difficult to keep i hole sy to
— maybe best suited for changes / extensions (after first iteration).
not designed to cover non-functional requirements and restrictions

bed. y

x S <%

x

X agile spirit: strong dependency on competent developers
X estimation of effort may be difficult

(Balzert, 2009)

e

User Stories (Beck, 1999)

“A User Story is a concise, written description of a piece of functionality
that will be valuable to a user (or owner) of the software.”

Per user story, use one file card — proposed card layout (front side):

piiority _uUnique dentifier, name estimation
As a [role] | want [something] so that [benefit].

risk real effort

with
« the user story, e.g. following the pattern:

As a [role] | want [something] so that [benefit].

« back side of file card:
(acceptance) test case(s),
how to tell whether the

assigned by customer,
+ effort, estimated by developers,

201

Customer and Developer Happy?
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A Brief History of Sequence Diagrams
¢
o Message Sequence Charts,
ITU standardized in different versions (ITU Z.120, Ist edition:
1993); often accused of lacking a formal semantics.
(TU-T, 201
« Sequence Diagrams of UML 1x —

cobson)

(one of three main authors:

= =

[ —

 SDs of UML 2.x address some issues, yet the standard
exhibits unclariti ven contradictions
(Harel and Maoz, 2007; Storrle, 2003)

(OMG, 2007)

For the lecture, we consider

Live Sequence Charts (LSCs)
(Damm and Harel, 2001; Klose, 2003; Harel and Marel
LSCs have a common fragment with UML 2.x SDs:
(Harel and Maoz, 2007).
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Live Sequence Charts
(2018 Edition)

27us

Sequence Diagrams

2516
The Plan: A Formal Semantics for a Visual Formalism
e does the software
2 satisfy the LSC?
concrete syntax (., < ~),Z, Msg, construction
(diagram) Cond, Loclnv, ©) ocedure
abstract syntax (.
e
[o]
o 5
LN =
semantics
(Biichi automaton) B
software
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LSC Body Building Blocks LSC Body: Abstract Syntax

simultaneous region
instance line head ree

. Definition. [LSC Body]
(cold) Let £ be a set of events and C a set of atomic propositions, £ N C = 0.
AnLSC body over € and C is a tuple
exclusive (€, <. ~),Z, Msg, Cond, Loclnv, ©)
LSC Body Syntax (cold) local invariant e
Cara « Lisafinite, non-empty set of locations with
(cold) condition + apartialorder < € £ x £,
« asymmetric simultaneity relation ~ C £ x £ disjointwith <,ie. < 1 ~ = 0,
inclusive o T={h,...,1.}isaparit : elements of T i lne,
(hot) instantaneous message o Msg C £ x & x Lisasetof messages with (I, 2, I') € Msgonlyif (1,1') € < U ~;
(hot) line segment message (I, 2, 1') s called i i~ he
(hot) condition « Cond C (2 \ @) x ®(C) isaset of conditions
) ! ! with (L, ¢) € Condonly if{ ~ I’ foralll # I’ € L,
coregion o
o Loclny € £ x {0, e} x ®(C) x £ x {o, o} isasetof local invariants
with (1,2, 6,1/, 1) € Loclnv onlyif I < I', o: exclusive, lusive,
(cold) asynchronous message instance line/ * ©: £ UMsg U Cond U Loclnv — {hot, cold}
life line i ion and each
2946 30us 3l
From Concrete to Abstract Syntax From Concrete to Abstract Syntax LSC Body: Abstract Syntax
[

~ oo E, < locations £, Definition. [LSC Body]

e XCLxL ~CLXL ¢ XCLXL ~CLXL Let £ be aset of events and C a set of atomic propositions, £ N C = 0.

e I={h,....In}. o I={h,....In} An LSC body over £ and C is a tuple

°« Msg CLXEXL, SIS Msg CLxExL,

» Cond C (27 \0) x ®(C)
o Loclnv C £ x {o,e} x ®(C) x L x {o, 8},
© ©:L£UMsgU Cond U Loclnv — {hot, cold}.

Cond C (2£\ §) x (C) ((£,%.,~), T, Msg, Cond, Loclnv, ©)
Loclnv C £ x {o, 8} x ®(C) x £ x {o,s},

©: £UMsgU Cond U Loclnv — {hot, cold}.

where

« Lisafinite, non-empty set of locations with

. « apartialorder < C £ x £,
 asymmetric simultaneity relation ~ C £ x £ disjoint with <,ie. < N~ = 0,
9+ m@% T {h.... I} s panit o .
<l
Wt o Msg C £ x € x Lisasetof messages with (I, E,1') € Msgonlyif (1,1') € < U ~;
/ \ message (I, 2, I') s called I~ t he

o L={lioliah

ha b o2,z l2s 130,050,032, 03.3} © Cond C (2° \ 0) x %(C) s aset of conditions
with (L, ¢) € Condonlyif l ~ I’ foralll # I’ € L,

« Loclnv C £ x {0, e} x ®(C) x £ x {0, e} isasetof local invariants
with (1, &, 1',+') € Loclnv only if 1 < I',o: exclusive, o: inclusive,

© ©: £UMsgU Cond U Loclnv — {hot, cold}

32 d 326 33us



From Concrete to Abstract Syntax

« locations £,

e XCLXL ~CLXL

o I={I, [}

« MsgCLXEXL,

» Cond C (2 0) x &(C)

o Loclnv C £ x {o,} x ®(C) x £ x {o,8},

+ ©: L UMsgU Cond U Loclnv — {hot, cold}.

loa,l22, 12,3, 130,031,032, 13,3}

RN N

£={l 3
ho=<hi<hz=<hs hz=<ha lLo<lki=<lb2=<ls o<l <121
g <lza, be2=<he bs<hs b2<ha Li~by b2~
o I={{ho.li1, iz lisla} {20,020, 22,25} {ls,0, 131, 3.2, 1,3} ]
Msg = {(li,1, A, 12.1), (2,2, B, 11,2), (2.2, C, 13.2), (2,3, D, 11.3), (Is,3, B, ,4)}
o Cond = {({l21, 51} ca), ({l22} 1)},
o Loclny = {(l1,1,0,¢2 Acs,li2, )}
34
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Concrete vs. Abstract Syntax

o L={lo. b2 sl byl lo 30yl la 2, b}

e ho<hi<ha<ha ha<ha lo<lbi<lba<ls lo=<l <2<l
by <lon oz <haz ba<hs lsz<ba b~ bz~

o T={{luo il lig bk {20, b1, 22,120}, {ls.0, 05,1, 15,2, 13,3},

o Msg = {(11,1,4,12,1), (l22, B, 11.2), (12,2, C, 13.2), (l2,3, D, 1.8), (I3, B ly.a)}

o Cond = {({l,1.131}.ca), ({I22}.e1)}.

)}

o Loclny = {(I1,1,0,c2 A cs, ln 2

LSC Semantics: Towards Automaton Construction

35u
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Well-Formedness

Bondedness/no floating conditions: (could be relaxed a little if we wanted to)

« For each location I € £, if L is the location of

e.3(L,¢) € Cond: 1 € L,or

o alocalinvariant, ie. 3 (1, 1,6, l2,12) € Loclnv : L € {I, 12},

then there is a location " simultaneous to [, i.e. 1 ~ I’
which is the location of

» aninstance head, i.e. !’ is minimal wrt. <, or
* amessage, i

3(L, B L) € Msg : L€ {ly, I}

Note: if messagesin a chart are cycli =
then there doesn't exist a partial order G, T
(so such diagrams don'’t even have an abstract syntax). *\

3606

LSC Semantics: It’s in the Cuts!

Definition. Let (£, <, ~),Z, Msg, Cond, Loclnv, ©) be an LSC body.

Anon-empty set() # C C Lis called a cut of the LSC body iff C'

« is downward closed, i.e.
Vil'eLel'eCAI=I = leC,

« is closed under simultaneity,
Vil'eLel'eCAl~I = leC.and

n per instance line, ie.
VIEToeCNI#.

« comprises at least one loc:
The temperature function is extended to cuts as follows:

e(C) =

72:Hmo.awmQ.IS>®Su=s
cold otherwise

maximal elements is hot.

C'is hot if and only if at least one of i

39



Cut Examples Cut Examples Cut Examples

/ 4 /
[ 0 # C C £—downward closed — simultaneity closed — at least one loc. per instance line [ 0) # C C £ —downward closed — simultaneity closed — atleast one loc. per instance line [ 0#CC L—d rd closed —si ity closed — at least one loc. per instance line
@ &) [E] ©

406 : 40ue : 40us

Cut Examples Cut Examples Cut Examples

| 0# C C £—downward closed —si ity closed — loc. peri i [ 0 # C C £—downward closed — simultaneity closed — at least one loc. per instance line. [ 07 C C £— downward closed —si ity closed —at least one loc. per instance line:

[SC none

: 40ue : 4016 : 40ue



Cut Examples

Cut Examples

7 0ZCCL—d d closed —si ity closed i

A Successor Relation on Cuts

The partial order “<" and the simultaneity relation “~" of locations

Successor Cut Example

CNF=p—CuFis

sending of asynchronous reception already in

[SC: none
AM. _invariant_I: _strict

_ 0#CCL—d rd closed —si ity closed — at least one loc. per i

induce a direct successor relation on cuts of an LSC body as follows:

401 B

Successor Cut Example

CNF=0—CUFi

sending of asynchronous reception already in

42 :

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

© ONF=0andCUFisacutie Fis closed under simultaneity,
« alllocations in F are direct <-successors of the front of C. ie.
VieFIUeCol <IN@EI € Lol <1 <1),
« locations in 7 that lie on the same instance line are pairwise unordered, i.e.
VIAU€Fo(@I€Te{llYCI) — IZUAI 2L
« for each asynchronous message reception in 7,
the corresponding sending is already in C,
V(L E,V)EMsgoll € F = L€C.

Thecut ¢’ = C'U Fis called di fC via F, yC 5 C'.

401 Alas
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Tell Them What You’ve Told Them. ..

 Use-Cases:

« interactions between system and actors,
be sure to elaborate exceptions and corner cases,

in particular effective with customers lacking technical background.
 Use-Case Diagrams:

o visuali i for 3
 pretty useless without the under

g use-case.
o User Stories: simple example of scenarios

o strong point: naming tests is necessary,

« weak point: hard to keep overview; global restrictions.
« Sequence Diagrams:

« avisual formalism for interactions, i.e.

 precisely defined syntax,
o precisely defined semantics
(construct automaton from abstract syntax)

« Canbe used to precisely describe the interactions of a use-case.

4416
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