Topic Area Requirements Engineering: Content

Structure of Topic Areas
VL6 e Introduction _ Structure o] Topic Areas

Requirements Specification Example: Requirements Engineering
Softwaretechnik / Software-Engineering [[® Desied Properties
|~e Kinds of Requirements \
. Lo Analysis Techniques Vet Cortens, e, ctc
Lecture 8: Use Cases and Scenarios " 1 Docmens Ihecourse: [T
(s Dictionary, Specification Use Cases — eg “Whenever a crash.
Specification Languages Pattern Language /- eg “Always, if (crash) att...”

2017-06-01 [~ Natural Language
VL7 |e Decision Tables

W. Symtax Semantics Y
© Completeness. Consistency. Decision Tables:

Prof. Dr. Andreas Podelski, Dr. Bernd Westphal . Live Sequence Charts
VL8 (s Scenarios

eg Vi1’ € Times

@ User Stories, Use Cases

Albert-Ludwigs-Universitat Freiburg, Germany H 5 o Live Sequence Charts.

VL9 Lo syntax,semantcs
H © Working Definition: Software H 2600
: « Discussion . 8 e
Content Recall: The Crux of Requirements Engineering
. A
© User Stories oY
o Use Cases
7/ e d
Use Case Diagrams
ot e
Srnonceens
« Sequence Diagrams —
A Brief History Scenarios
Live Sequence Charts One quite effective approach:
* Syntax:
Lie Etements, Locations, try to approximate the requirements with positive and negative scenarios.
Towards Semantics:
o cuts + Dear customer. please describe example usages of the desired system.

Customer intuition: If the system is not at all able to do this, then its not what | want.

« Dear customer, please describe behaviour that the desired system must not show.
Customer intuition: “If the system does this, then it 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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Example: Vending Machine

« Positit

/e scenario: Buy a Softdrink
(i) Insert one 1 euro coin.

i) Press the ‘softdrink’ button.

(iii) Get a softdrink.

=
=
=
=
=
=
=

« Positive scenario: Get Change
(i) Insert one 50 cent and one 1 euro coin.
) Press the softdrink button,
(ii) Get a softdrink.
(i) Get 50 cent change.

« Negative scenario: A Drink for Free

(i) Insert one 1 euro coin.

) Press the ‘softdrink’ button.

) Do notinsert any more money.
(iv) Get two softdrinks.

User Stories (Beck, 1999)

“A User Story i 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 with the user story, e.g. following the pattern:
As a [fole] | want [something] so that [benefi].

and in addition

« backside of file card:
(acceptance) test case(s),
assigned by customer, ie. how to tell whether the

« effort, estimated by developers, user story has been realised

Proposed card layout (front side):

oty | unique entifer. name [ estimation |

45 a frole] | want [something] so that [benefi.

sk | | realeffort

OLDENBURG

No

tations for Scenarios

o The

Usc

lea of scenarios (sometimes without negative or anti-scenarios)
(re-)occurs in many process models or software development approaches.

In the following, we will discuss two-and-a-half notations

(in increasing formality):

 User Stories (part of Extreme Programming)

= Use Cases and Use Case Diagrams (OOSE)

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

Natural Language Patterns

Natural language requirements can be (tried to be) written as an instance of
the pattern “(4) (B) (C) (D) (E) (F)." (German grammar) where

clrifies when and under what conditions the activity takes place
B is MUST (obligation), SHOULD (wish), or WILL intention};

also: MUST NOT (forbidden)
Ciseither "the system" or the concrete name of a sub-Jsystem
D oneof three possiilties

« “does description of a system activity.
« “offers description of a function offered by the system to somebody.
« “isableif:
£ extensions,in particular an object
P theactual process word (what happens)
TRupp and die SO 2009)
Example

After office hours (= A), the system (= () should (= B) offer to the operator (= 1))
abackup (= F') ofall new regisrations to an external medium (=

A5 a role] | want sometning] 50 that [benefit].

sk | |_realeffort
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User Stories

User Stories: Discussion

x I %

x X x

easy to create, small units

close contact to customer

objective / testable: by fixing test cases early

may get difficult to keep i yster to by

— maybe best suited for changes / extensions (after first iteration).
not designed to cover non-functional requirements and restrictions

strong dependency on competent developers
ion of effort may be difficult

zert, 2009)
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Use Cases

Use Case Example: ATM Authentication

Authentication
the

pre-condition ‘the ATM is operational, the welcome
screen s displayed, card and PIN of
client are available

| clentaccepted,

services of ATM are offered
post-cond. ‘access denied. card returned or

_ . | withheld, welcome screen displayed
actors client (main actor), bank system
open questions | A0

normal case . clientinserts card

. ATM read card,
sends data to bank system
. bank system checks validity exc.case 2b
ATM shows PIN screen
client enters PIN exc.case 2
. ATM reads PIN, exc. case 3a
sends to bank system

bank system checks PIN

. ATM accepts and shows main menu

exc. case 5a.
exc. case 5b

1206

S Geldautomat S

card readable, but not ATM

card

no connection to bank system /|
card not valid or disabled
client doesn't react within 55 «

no connection to bank system

exception casc2a | Il ) Tmeon
2a1 ATM displays “card not readabl
222 ATM returns card

2a3 ATM shows welcome screen

exc.case 7b

first or second PIN wrong
[ hidPNwong |
(Ludewig and Lichter, 2013)

156

Iar Jacobson
I o o ot e
COMPUTER LANGUAGE Productity Aard Wioor
e

Object-Oriented
Software
Engineering

AUse Case Driven Approach

b

@

13716

Use Case Diagrams

16716

Use Case: Definition

use case - A sequence of interactions between an actor (or actors) and a system trig-
gered by a specific actor, which produces a result for an actor. (lacobson, 1992)

More precisely:

« Ause case has participants:
the system and at least one actor.

« Actor: an actor represents
what interacts with the system.

« Anactoris a role, which a user or an external
system may assume when interacting with
the system under design.

« Actors are not part of the system,
thus they are not described in detail

« Actions of actors are non-deterministic
(possibly constrained by domain model)

« Ause case s triggered by a stimulus
as input by the main actor.

« Ause case is goal oriented, i.e. the main actor
wants to reach a particular goal.

* Ause case describes. teractions between
the system and the participating actors
that are needed to achieve the goal
(or fail to achieve the goal for reasons).

+ Ause case ends when the desired goal is
achieved, or when it is clear that the desired
goal cannot be achieved.

14716

Use Case Diagrams: Basic Building Blocks

H H {use case name)
(actor name)

Oﬂ@




Example: Use Case Diagram of the ATM Use Case

Use Case Diagram: Bigger Examples

info services

T <

W | (oot
|

transactions

(Ludewig and Lichter, 2013)

Example: Use Case Diagram of the ATM Use Case

cltnldin,

Authentication

client (main actor)

Customer and Developer Happy?

Use Case Ex

(1.) Observables:
« eventinsert_card
« condition card_rdbl
event send_data
event data_valid
event pin_screen

bank system

insert Xcard A~ card_rdbl

insert_card \ card_rdbl

@Wﬁkm_s
“FE@:
()

Use Case Diagrams: More Building Blocks

{use case name)
(actor name)

More notation:

use case A

| extends)

-

use case B

i
|



Content

« User Stories
o Use Cases
Lo Usecase Diagrams \

Sequence Diagrams

o ABrief History
ive Sequence Charts

Syntax
Lo Eements.Locations.

L

Towards Semantics:

Cuts

Firedsets

23746

Live Sequence Charts: Syntax (Body)

Sequence Diagrams

LSC Body Building Blocks

A Brief History of Sequence Diagrams

o Message Sequence Charts,
ITU standardized in different versions (ITU Z120, 1st edition: N
1993); often accused of lacking a formal semantics.  —

(ITU-T, 201)

o Sequence Diagrams of UML 1.x
(one of three main authors: . Jacobson)

= SDs of UML 2.x address some issues, yet the standard
exhibits unclarities and even contradictions
(Harel and Maoz, 2007; Stérrle, 2003)

« For the lecture, we consider
Live Sequence Charts (LSCs)
(Damm and Harel, 2007; Klose, 2003; Harel and Marelly, 2003),
LSCs have a common fragment with UML 2.x SDs:
(Harel and Maoz, 2007).

24746 2546

LSC Body Building Blocks

instance line head
(cold) line segment

(hot) line segment

instance line/
life line

2ne 2716



LSC Body Building Blocks

instance line head simultaneous region

JL o ]

(cold) line segment

(hot) instantaneous message

(hot

ine segment

i (hot) asynchronous message

instance line/
life line

2716
The Plan: A Formal Semantics for a Visual Formalism
concrete syntax
(diagram)
((£,<,~),T,Msg, Cond, Loclnv, ©)
abstract syntax
semantics
(Biichi automaton)
28146

LSC Body Building Blocks

instance line head simultaneous region

exclusive

local invariant

inclusive (hot) condition

(hot) line segment

line/
life line

LSC Body: Abstract Syntax

Definition. [LSC Body]
Let £ be a set of events and C a set of atomic propositions, £ N C = 0.

An LSC body over £ and C is a tuple
((£,=.~),Z.Msg, Cond, Loclnv, ©)
where
« Lisafinite, non-empty of locations with
« apartialorder < C £ x L.
« asymmetric simultaneity relation ~ C £ x £ disjoint with <,ie. < N~ = 0,

«I={h,....I} ing of L elements of 7 t

Msg C £ x £ x Lisaset of messages with (
message (I, F, I') is called i1~ ' and

Cond C (2 \ 0) x ®(C) isaset of conditions
with (L, ) € Condonlyifl ~ I’ foralll # I € L.

o} isaset of local invariants
o exclusive, o: inclusive,

€ Loclnvonlyif 1 <

© ©: £UMsgU Cond U Loclnv — {hot, cold}
assigns to each location and each element a temperature.

-<" (hot) instantaneous message

(hot) asynchronous message

2ne

2972

LSC Body Building Blocks

(cold) local invariant

(hot) line segment

instance line head

simultaneous region

exclusive

inclusive

coregion

instance line/
life line

From Concrete to Abstract Syntax

(cold) line segment

.

locations L,
<CLXL ~CLXL
I={h,...,In}.

Msg CLXE XL,

Cond C (2€,0) x #(C)

Loclnv C £ x {o,e} x $(C) x L x {o, e},
©: £UMsgU Cond U Loclnv — {hot, cold}.

30046



From Concrete to Abstract Syntax LSC Body: Abstract Syntax From Concrete to Abstract Syntax

o locations £, « locations £,

n. [LSC Body)
¢ ZCLXL ~CLxL Let £ be a set of events and C a set of atomic propositions, £ N C = 0. ¢ ICLXL ~CLXL
e I={h, n}. An LSC body over € and C is a tuple e I={h,....In},
e MsgCLxXEXL * MsgCLXEXL,
« Cond C (2 \ D) x B(C) (€,2,~),Z, Msg, Cond, Loclnv, ©) o Cond C (2 0) x 8(C)
o Loclnv C £ x {0,8} x #(C) x L x {o, e}, where o Loclny C £ x {o,8} x ®(C) x L x {o,e}.
© ©:L£UMsgU Cond U Loclnv — {hot, cold} « Lisafinite, non-empty of locations with © ©:LUMsgU CondU Loclnv — {hot, cold}.
\ « apartialorder < C £ x £,
el Lﬁ « asymmetric simultaneity relation ~ C £ x L disjoint with <,ie. < N ~ = 0,

e T={hL,....In} oni lements of T

© Msg C £ x € x Lisasetof messageswith (I, E,I') € Msgonlyif (1,1') € < U~;
message (L, E, I') is called i d

bala2las lso,ls, 052,058}

o L={lio bz baba bobba b bl lss las) B — o L= {lolinhaha bl b
with (L, ) € Condonly f L ~ " foralll # " € L. e ho=<hy=<l2=<hs h2=<la lo=<la=<l2=<ls o<l <ls2 <l
o Loclnv C £ x {0, 8} x ®(C) x L x {0, e} isasetof local invariants Lo <y e =<haz lbs=<hs b2<bha ba~la b2~
G o) eyl < e erine o=, o T={{lio bl hs bab Lo, o oo Las ) (L. s, Is 510 G
« ©: £UMsgU Cond U Loclny — {hot, cold} o Msg = {(I1,1, 4, 12,1), (22, B, 11.2), (12,2, Cs l3.2), (I2,3, D, 12), (Ia.3, By 1.4}

assigns to each location and each element a temperature.

‘ ‘ ¢ e Cond = {({l21, 11}, ca), ({l22}, c2 Acs
o Loclnv = {(li.1,0,¢1,11.2,0)}

)}

. 3074 . 3le 326

Well-Formedness Concrete vs. Abstract Syntax Content

© User Stories

Bondedness/no floating conditions: (could be relaxed a litte if we wanted to)
vy 9%

4

o Use Cases

 For each location [ € L, if Lis the location of

« Use Case Diagrams

« acondition,ie. 3(L,¢) € Cond : l € L,or

+ Sequence Diagrams

o alocalinvariant, ie. 3 (11, 11, 6, I, 12) € Loclnv : [ € {I1, 15}, o ABrief History

then thereis a location I’ simultaneous to | ie. I ~ ', whichis the location of ive Sequence Charts
Syntax:

« aninstance head, ie. I is minimal wrt. <, or Lo Eements Locatio \

 amessage,ie.
o L= {holunliadia halia ol leslzs 3ol lazlss} Towards Semantics:

3, B, lo) € Msg: L€ {h, ). el <hg<ha<ha ho<ha o<l <l <la lo<ls1<l32<lss cus
i<l lbe2<la ls<bs lg<ha i~y e ~lbe Firedsets
2 o I={{lol1li2hslab {20,020, 022,25}, {130,051, 13,2} }
Note: if messages in a chart are cyclic, 3 /R4 o Msg = {(11,1,4,12,1), (I22, B, 11.2), (12,2, C, 13.2), (I2,3, D, 11.3), (I, By l1.a)}
then there doesn't exist a partial order A\ e Cond = {({l2,1.13,1}, ), ({L 2 Aes)}
(so such diagrams don't even have an abstract syntax). - o Loclnv = {(l1,1.0,c1,11,2,¢)}
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LSC Semantics: Towards Automaton Construction

Cut Examples
10) @ Q)

3674

[ 0# C C £ - downward closed — si ity closed ~ at least one loc. per instance line

394

The Plan: A Formal Semantics for a Visual Formalism

concrete syntax
(diagram)
((£,%,~), T, Msg, Cond, Loclnv, ©)
abstract syntax
semantics

(Biichi automaton)

37ne
Cut Examples

_ 0 # C C £ - downward closed - simultaneity closed - at least one loc. per instance line

3946

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, ie.
Vil'eLel'eCAI=I = leC,

o is closed under simultaneity, ie.
VIl Lol € CAL~I — L€ C.and

« comprises at least one location per instance line, ie.
VIEeTeCNI#D.

The temperature function is extended to cuts as follows:

(C]

AS\ :oﬂ._GNmQ-@amQ.TAS>®Suro~
~ |cold , otherwise

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

38

Cut Examples

i 0 # C C £ - downward closed - simultaneity closed - at least one loc. per instance line
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Cut Examples
i 0#CCL-d rd closed - si ity closed - loc. per i
a
.
chrent
Cut Examples
[ 0#CCL-d rd closed - si ity closed - loc. per i

394

Cut Examples

_ 0 # C C £ - downward closed - simultaneity closed - at least one loc. per instance line

Cut Examples

394

ity closed - at

[ 0#CCL-d

perinstance line

394

Cut Examples

_ 0 # C C £ - downward closed - simultaneity closed - at least one loc. per instance line

A Successor Relation on Cuts

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

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

Definition.

LetC' C £ beta cutof LSC body (£, <, ~),Z, Msg, Cond, Loclnv, ©).
Aset () # F C L of locations is called fired-set F of cut C'if and only if
© ONF=0andCU Fisacut ie Fis closed under simultaneity,

« alllocations in F are direct <-successors of the front of C', i
VIEFI € Coll <IN €Coll S1" <1),

« locations in F, thatlie on th i . are pairwis
VIV EFe@IETe{LUYCI) = LAUAL 2L

« for each asynchronous message recepti
the corresponding sending Is already in C'.
Y(L,E,I')EMsgel' € F = L€ C.

in F,

Thecut ¢ = C' U Fs called direct successor of C via , denoted by C' = C'.

3946
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Successor Cut Example Successor Cut Example Language of LSC Body: Example

-n?
CNF=0-CuU Fisacut-only direct i i - CNF=0-CuU Fisacut-only direct i i irwis £
sending of asynchronous reception already in sending of asynchronous reception already in Erae .
X
f | ! "
"

The TBA B(.2) of LSC.Z over C and & is (Cs, Q. Gini- — Q) with
o Cs =CU &y where & = {E E? | E € £},

o Qistheset of cuts of 7, gy is the instance heads cut.

o — consists of loops, progress transitions (from ~~ ). and legal exits (cold cond./local inv.).
© Qr ={C€Q|O(C) = cold v C = L} is the et of cold cuts and the maximal cut.

41746 416 42716

TBA Construction Principle Tell Them What You’ve Told Them. . .
Recall: The TBA B(.£) of LSC.Z s (C, Q. s, —, Q) with + User Stories: simple example of scenarios
o Qisthe set of cuts of 2. g, is the instance heads cut, o strong point: naming tests is necessary,
*Cs=CU&n « weak point: hard to keep overview; global restrictions.
. # loops, pr it -+ £),and legal exits (cold cond./local inv.),
« F={C€Q|O(C) =coldV C = L}is the set of cold cuts. © Use-Cases:
« interactions between system and actors, R
Soin the following, we “only” need to construct the transitions labels: « be sure to elaborate exceptions and corner cases, eferences
e at (00) 19€ @) (a0, | 1 '} 0 (e, ) € Q) « in particular effective with customers acking technical background.

« Use-Case Diagrams:
« visualise which participants are relevant for which use-case,

« are rather useless without the underlying use-case.

« Sequence Diagrams:

Vproa (4,
characterisa
firedset Fn”

« avisual formalism for interactions, i.e.,

 precisely defined syntax,
 precisely defined semantics (—+ next lecture).

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

436 . 44y . 45/46
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