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Tell Them What You've Told Them. ..

« Requirements Documents are important - eg, for

« negotiation, design & implementation, documentation,
testing, delivery,re-use, re-implementation. _

Note: vague vs. abstract.
« Requirements Representations should be

« easily understandable, precise, easily maintainable, easily usable

istinguish
« hard / soft,
« functional / non-functional.
+ open fGacd)
« Itisthe task of the analyst to elicit requirements.
o Natural language is inherently imprecise, counter-measures:

« naturallanguage patterns

+ Do not underestimate the value of a good dictionary.

(A Selection of) Analysis Techniques

Focus
current desied  innovation

Analysis Technique situation ation  consequences
Analysis of existing data and documents [ L
Observation [ L

cosed e
customingi (55%) s =

open —
Interview |
Modeling
Experiments
Prototyping.

Partcipative development

234

Topic Area Requirements Engineering: Content

29
VL6
VL7
vL8
L9
2

« Introduction

Requirements Sp
{~» D

ired Properties
inds of Requirements

Lo Analysis Techniques

* Documents

L. ictionary, Specification
Specification Languages
e Natural Language

e Decision Tables

W. Syntax, Semantics
o Completeness, Consistency,

Lie Scenarios

© User Stories, Use Cases
 Working Del
o Live Sequence Charts
Le Syntax, Semantics

iscussion



Content

o Syntax, Semantics

for Requirements Spe

_

oqugles T

% ....for Requirements Analysis
o leteness,

oo Compl 3

—_— e Useless Rules,

D

Domain Model

« Conflict Axiom,

« Relative Completeness,
« Vacuous Rules,

o Conflict Relation

« Collecting Semantics

« Discussion

Decision Table Syntax

o Let C be aset of conditions and A be a set of actions st. C' 1 A = ()
* Ade

n table T over C and A s a labelled (m + k) x n matrix

" decision table
1| description of condition ;| vr.1

description of condiion ¢

description of action a1

a,_| description of action . Wit Wi

Decision Tables

Decision Table Syntax

o Let C beaset of conditions and A be a set of actions st. C' 1 A = ().

« Adecision table 7" over C and A is a labelled (1m + k) x n matrix

T decision table

™

o1 | description of condition ¢ Ui

e | description of condition ¢,

description of action ay

‘a_| description of action

Wen

« where
e e em€C, © Vi1seee s Vmn € {— X, %} and
e ar,...,ax €A ‘ Wiy W € {—, X}
o Columns (u1 ;... Uy v wn iy -0 i), 1 < i <, are called rulese
© 71,0, 7y are rule names.
® (V1,is. .., vm ;) is called premise of rule r;,
(w1, wp ;) is called effect of r;.

Decision Tables: Example

Decision Table Semantics

Eachruler € {ry,..

.} of table T

T dedision table

1| description of condition e[ w1t

description of condition e

description of action a1

;| description of action ay. i

is assigned to a propositional logical formula F(r) over signature C' U A as follows:
o Let(v1,...,vm) and (wy,.. ., w;) be premise and effect of r.
« Then

F(r) = For,e1) A= A F(

sem) A F(wy,a1) A -+ A Fwy, ax)

=iFpre(r) =F

where

F(v,z) =

jz



Decision Table Semantics: Example Yes, And?

—— We can use decision tables to model (describe or prescribe) the behaviour of software!
F(r) i= Fv1,e1) A+ A F(um, em) (wox) =4 ~o o= —
AF(ui,a1) A+ A F(ug, ak) e o= Example:
Ventilation system of
lecture hall 101-0-026.
. o Decision Tables as Requirements Specification RIRLEAT
. —
o e « We can observe whether button s pressed and whether room venti
cs — x| = and whether (we intend to) start ventilation of stop ventilation.
o o = We can model our observation by a boolean valuation o : C U A — B, eg,. set
az —x|=
() = true, if button pressed now and o (b) := false, i button not pressed now.
o Fr) = Tle e n Floe ) s T cg)n Tl 2 0 F- 22 (go) := true, we plan to start ventilation and o (go) := false, we plan to stop ventilation.
=0 a G R T a o~ e « Avaluation & : C'U A — B can be used to assign a truth value to a propositional formula > over C' U A.
o F(ra) =caAnce ncy nnay nag Asusual, we write o =  iff > evaluates to true under o (and o [  otherwise).
« Rule formulae J(r) are propositional formulae over C U A
o Frs) =6~ dwe a e A ma, Ay thus, given o, we have either o [= F(r) or o [ F(r).
& acy A A9y .« Leto beamodel of an observation of C and A.
H . Wesay,o isallowed by decision table T'if and only if there exists arule r in T such that o |= F(r)
1249 L 13709 14/49
Exam, Exan Decision Tables as Specification Language
xample | Torcomventiaton [ 1 ri]wi] xample | T oomventiation [ 1 ri] 5 | S s as Specifi suag
button pressed? % [ - button pressed? <[ - — ~ —~
ettt — Sentton et — @ G ooy
vent n on? — x| * ventilation on?’ - x| = [¢} e} O/<\

. —F Fio- iE [ A
“mauncemert e e ey

F(r1) =bAoff A—=on A goA=stop F(r1) =bAoff A=on A goA=stop e (Priabets

F(ra) =b A aoff Aon A-go A stop F(ra) = bA-off AonA-go A stop

F(rs) ==b A true A true A ~go A —stop Frs) = =b A true A true A ~go A —stop

« Decision Tables can be used to objectively destribe desired software behaviour.

(i) Assume: button pressed, ventilation off, we (only) plan to start the ventilation Assume: button pressed, ventilation off, we (only) plan to start the ventilation
s=f b, bbb, o e, gihe, shen £ « Corresponding valuation: o1 = {b 1+ true, off +-+ true, on + false, start -+ true, stop 1+ false}. * Example: Dear .%ﬁ_%».. please nas%.musmaa such that
KT « Is ourintention (to start the ventilation now) allowed by 77 Yes! (Because o1 = F(r1)) * ineach (b pressed, il ff),
Al * whatever th software does action start/stop)
or ) ./ (i) Assume: button pressed, ventilation on, we (only) plan to stop the ventilation. + s allowed by decision e T

« Corresponding valuation: o = {b v true, off + false, on. +— true, start — false, stop + true}.
« Isourintention (to stop the ventilation now) allowed by 77  Yes. (Because o2 |= F(rz))

Assume: button not pressed, ven!

ion on, we (only) plan to stop the ventilation.

+ Corresponding valuation:
« Is ourintention (to stop the ventilation now) allowed by 77 A (

15049 16/49



Decision Tables as Specification Language Decision Tables as Specification Language

n/k‘« s Y Requirements on Requirements Specifications
s ps o
TR 2 Kb
5 il .
MDD = Em— N u m . mD y Arequirements speci
CQutomes  Developer Customer  Developer Dnapar Gt « correct + neutral, abstract
v o o Ea software dlivery - it correctly represent: - arequi ion d
the customer, constrain the realisation more than necessary,
v
g 3
altrequiiements (existing in somebody’s
» Decision Tables can be used to objectively describe desired software behaviour. head. or a document, or .. present. o traceable, i
+ relevant - the sources of requirements are documented,
 things which are not relevant to the project identifia

should not be constrained,

« Another Example: Customer session at the bank: AT AT

3
Guirement is compatible with all other

[Cer_| creditlmit exceeded?

not realisable,

« Correct i hi
which s usually only in the customer’s head.
—visis difficult to be sure of comrectness and completeness.

« clerk checks database state (yields o forc1, . . cs). « “Dear customer, please tell me what is in your head!” s in almost all cases not a solution!
it exceeded over 500 €, but payment history ok, Its not unusual that even the customer does not precisely know...!
« clerk cashes cheque but offers new conditions (according to T'1), firepmely .
16/49
Recall Once Again Completeness
Req on Req
n. [Completeness] A decision table " called complete if and only if the
A requirements specification should be disjunction of all rules’ premises is a tautology, i.e. if
+ conect + neutal abstact
B/ ()
o ) ) e customer, consan th esion more tan necesay rer
Decision Tables for Requirements Analysis + complete ¥ )

aleauirements exstng i somebodys
e ora document " ’

+ o i surces ofreqiements e doumented
O rotatotap TP oy e
i otbe consrane

« consistent.free of contradictons § « testable. objective §
notresable

° ally only i the cust

it 10 b sureofcorectnes nd completeness.
18/49 199

20749



Completeness: Example

[ button pressed? x| x -
off | ventition off? I
on_| ventilation on? —x
90| startventiation - -
stop | stop ventilation e -

o Is T complete?
No. (Because there is no rule for, g, the case o (b) = true, o(on) = false, o (off) = false).
b dfaon 7 FD Tl )
fadgiutehaiy
Recall:
F(ri) =ci Aca A-eg Aay A—ay
F(r2) =c1 A=ca Acg A-ay Aag
F(rs) = —c1 Atrue Atrue A =ay A —az

Fpre(r1) V Fpre(r2) V Fpre(13)
= (e1 Aea Ames) V (er A ez Aes) V (ser Atrue A true)
is not a tautology.
s

Uselessness

Definition. [Uselessness] Let 7" be a decision table.
Aruler € T'is called useless (or: redundant)

if and only if there is another (different) rule ' € 7
« whose premise s implied by the one of r and

« whose effect is the same as r’s,

ie.if
' EreTe | (Forelr) = Fore(r) A (Feg(r) <= Feg(r'))-

ris called subsumed by r'.

« Again: uselessness is decidable; reduces to SAT.

24/

Requirements Analysis with Decision Tables

&, & &

« Assume we have formalised requirements as deci
If 7 is (formally) incomplete,

« then there is probably a case not yet discussed with the customer,
or some misunderstandings.

If 7' is (formally) complete,

« then there still may be misunderstandings.
If there are no mi ings, then we did di ll

« Note:
« Whether 7" is (formally) complete is decidable.
« Deciding whether 7" is complete reduces to plain SAT.
« There are efficient tools which decide SAT.

jon tables are often much easier to understand than natural language text.

Uselessness: Example =

Button pressed?
off | ventilation off? x| = [+]]]-
on ventilation on? = | x W\x

90| startventiation - -
stop | stop ventiation x5

o Rule 7 is subsumed by 3.

o Rule ry is not subsumed by .

« Useless rules “do not hurt" as such.
« Yet useless rules should be removed to make the table more readable,

yielding an easier usable specification.

25049

For Convenience: The ‘else’ Rule

o Syntax:
1 description of condition c; ' o1
description of condition e
description of action a1 e
ax descrption of action a wia Wi | ke
* Semantics:

Felse) = — A<<mjﬁi @xiv A F(wiear) A+ A F(w,e,ax)

_ Proposition. If decision table 7" has an ‘else-rule, then 7" is complete.

2310
Uselesy _Requirements on Requirements Specification Doc
« casty understandable. « sty maintanable -
« precse~
he requirementsspeciication shoukd not « sty usable -
. objective).
* Ruler !
Note: Once again, it about compromises.
o Ruler| * Averprecseabjectiv requements specfiaton
may not be easly understandable by every afected person.
+ provide redundant expanations
—» value low acces efort higher
and most changes requir reacing beforchand).
0
« Useless rules “do not hurt” as such.
« Yet useless rules should be removed to make the table more readable,
yielding an easier usable specification.
2509



Determinism

Determinism: Example

Determinism: Another Example

T: room ventilation nlra s Tupstr: 0O ventilation fril Jra | rs
Definition. [Determinism] button pressed? B b [ button pressed? DA< -
A decision table 7'is called determi °F | [Eptiatencty) NN go | startventiation x \ = \ =
: : ° " P N
if and only if the premises of all rules are pairwise disjoint, i.e. if on | ventilation on stop_| stop ventilation C Q -
70| startventiation DEE
V11 # 72 € To = ~(Fpre (1) A Fpre(72)). stop | stop ventilation x
Otherwise, T'is called non-deterministic. T determinietic?  Yes o Is Tupuer determistic?  No.
By the way...
« Is non-determinism a bad thing in general?
« And again: determinism is decidable; reduces to SAT. © Just the opposite: non-determinism s a very, very powerful mode
o as
 the button may switch the ventilation on
under certain con ll specify later), and
 the button may switch the ventilation off
under certain conditions (which | will specify later).
We in particular state that we do not (under any condition) want to see on and off executed together,
and that we do not (under any condition) see go or stop without button pressed.
» On the other hand: non-determinism may not be intended by the customer.
26/49 27149 2849
Content Domain Modelling
« (Basic) Decision Tables Example:
T. Syntax, Semantics T room ventation T
) o 4 button pressed? x| x -
o ...for Requirements Specification off _ ventation off? . R
o ...for Requirements Analysis ﬂ,_.._hﬂa S I
o startventlation - -
e Completeness, Domain Modelling for Decision Tables sp_ stop ventlation e -
e Useless Rules,
(o Determinism Logi « If on and off model opp put values of one and th for “room ventilation on/off
ic
—_— then o |= on A off and o |= —on A —off never happen in reality for any observation o
(o o A 2ol))
Domain Modelling o onnof]

= Decision table 7"is incomplete for exactly these cases.
« Conflict Axiom,

(7 “does not know” that on and off can be opposites in the real-world).
 Relative Completeness,
* Vacuous Rules,
« Conflict Relation

= We should be able to “tell” 7" that on and off are opposites (i they are).
Then T would be relative complete (relative to the domain knowledge that on/off are opposites).

Bottom-line:
« Collecting Semantics

« Conditions and actions are abstract ent
« Discussion

s without inherent connection to the real world.
« When modelling real-world aspects by conditions and actions,
we may also want to represent relations between actions/conditions in the real-world
(= domain model (Bjorner, 2006)

£



Conflict Axioms for Domain Modelling

« A conflict axiom over conc

ions C'is a propositional formula .1 over C'.

Intuition: a conflict axiom characterises all those cases,
i.e. all those combinations of condition values which ‘cannot happen’
- according to our understanding of the domain.

n table semantics remains unchanged!

Example:

o Letpeonn = (on A off) V (mon A —off ).

‘'on models an opposite of off, neither can both be satisfied nor both non-satisfied at a time”

« Notation:

button pressed?

| x| |2
x 1% @
|

start ventiation
stop ventiation - x|-
Son A oB) V (on A B )]

S

Example

T: room ventilation n
b | button pressed? x
off | ventilation off? x
on_| ventiation on? -
o[ strtventlation *
Siop | stop ventiation

~[(on A off) V (~on A =aff)]

x| x g
2

« Tis complete wrt. its conflict axiom.

« Pitfall:if on and of are outputs of two different, independent sensors,
then o |= on A off is possible in reality (e.g. due to sensor failures).

Decision table 7" does not tell us what to do in that case!

Pitfalls in Domain Modelling (witipedia, 2015)

“Airbus A320-200 overran runway at Warsaw Okecie Intl. Airport on 14 Sep. 199:

o T l touchdown, the ile d the

« Enabling one of those while in the ar,can have fatal con

= Design decision: the software should block activation of spoilers or thrust-revers while in the air
implified deci

n table of blocking procedure:

« B
[
2
H
2
=

spoilrs requested

'
2
i

atleast 63 tons weight o ESeITandy
wheels turning faster than 133 km/h g

Idea: if conditions Igsw and spd not satisfied, then aircraft s in the air

14 Sep.1993:

from tower, tail- and ds.
. d too

1
« wheels didrit tun fast due to hydroplaning,

2800m

o il

Vacuity wrt. Conflict Axiom

Definition. [Vacuitiy wrt. Conflict Axiom]
Andler € T'is called vacuous wrt. conflict axiom ¢ ony if and only if
the premise of r implies the conflict axiom, ie. if = Fyre (1) = @eons-

+ Intuition: a vacuous rule would only be enabled in states which cannot happert
Example:

T room ventilation oo
4| buttonpressed? P
off | ventilation off? x - |* x

Ventlion o R
T sarvent —T
Tip | Sop ventiation P

on A o)V (con A of)]

* Vacuity wrt. ¢ conp: Like uselessness, vacuity doesn't hurt as such but

e May hinton i ies on customer’s side. ith conflict axiom?)

« Makes using the table less easy! (Due to more rules)
« Implementing vacuous rule:

awaste of effort!

Fits intu

Relative Completeness

Definition. [Completeness wrt. Conflict Axiom]
A decision table 7' is called complete wrt. conflict axiom . if and only if the
disjunction of all rules' premises and the conflict axiom is a tautology, i.. if

E Geonst V | Fore(r)-

reT

« Intuition: a relative complete decision table explicitly cares for all cases which may happer!

» Note: with (., = false, we obtain the previous definitions as a special case.

N conpt = false means we don't exclude any states from consideration.

34719

Content

(Basic) Decision Tables
L Syntax Semantics

.for Requirements Specification

for Requirements Analysis

(o Completeness,

(o Useless Rules,

o Determinism Logic
Domain Modelling

« Conflict Axiom,

+ Relative Completeness,

« Vacuous Rules,

« Conflict Relation

.

Collecting Semantics

37



Content

Conflicting Actions Example: Conflicting Actions

Definition. [Conflic ion] A col
metric relation 4 C (A x A).

tions Aisa transitive and sym-

T: toom ventilation n |
b button pressed? x| x -
o] ventlation off? =
onventiation on? RE

°~

e Gl
=

Let ; be the tran:

“actions stop and go are not supposed to be executed at the same

ive, symmetric closure of {(stop, go)}.

Then rule ry is inconsistent with 4.

A decision table with inconsistent rules may do harm in operation!

Detecting an inconsistency only late during a project can incur significant cost!

Inconsistencies - in particular in (multiple) decision tables, created and edited by multiple people,
as well as in requirements in general - are not always as obvious as in the toy examples given here!
(would be too easy..)

And is even less obvious with the collecting semantics (— in a minute).

4049

Collecting Semantics

Conflicting Actions
Definition. [Consistency] Let  be a rule of decision table 7" over C'and A. N
Rule 7 is called consistent with conflict relation 4 if and only if there are no
conflicting actions in its effect, i.e. N
= Ferr (1) = A(ay,azyes ~(@1 Aaz).
Tis called consistent with 4 iff all rules € 7 are consistent with 4.
= Again: consistency is decidable; reduces to SAT.
399
+ (Basic) Decision Tables :
L Syntax, Semanics
o ...for Requirements Specification
o ...for Requirements Analysis
(o Completeness, A Collecting Semantics for Decision Tables
o Useless Rules,
o Determinism ez
Domain Modelling
« Conflict Axiom,
+ Relative Completeness,
* Vacuous Rules,
« Conflict Relation
o Collecting Semantics
 Discussion
419 A2

Let T be a decision table over C'and A
and o be a model of an observation of C'and A.
Then
Fan(l)i= \ a6 V,er goon
aca
is called the collecting semantics of 7.

439



Collecting Semantics

« Let T be a decision table over C'and A
and o be a model of an observation of C and A.

Then
Fatl@) = N\ a6 Ve goro Fore (1)

acA

is called the collecting semantics of 7'.

« We say, o is allowed by T in the collecting semantics if and only if o = Fou(T).

That s, if exactly all actions of all enabled rules are planned/exexcuted.

Discussion

4549

Collecting Semantics

 Let T be a decision table over C'and A
and o be a model of an observation of C'and A.
Then

Fou(D) = N\ @ & V,crpiayox Fore(r)

acA

is called the collecting semantics of T'.

« We say, o is allowed by T in the collecting semantics if and only if o = Fouu(T).
Thatis, if exactly all actions of all enabled rules are planned/exexcuted.

Example:

| button pressed?
off_| ventlation off?
Venfiation on?

| 1]x &

g bleke

stop | stop ventiation
Bln_| Blnk button 3x 7 —
~[(on A o) V (o A —ofl)]

 “Whenever the button is pressed, let it link (in addition to go/stop action:

Speaking of Formal Methods

“Es ist aussichtslos, den Klienten mit formalen Darstellungen zu kommel
(‘itisfutile to approach clents with formal representations) (Ludewig and Lichter, 2013)

-

et

» Recommendation: (Course’s Manifesto?)
« use formal methods for the most important/intricate requirements
most cases not possible).

(formalising all requiremen
« use the most appropriate formalism for a given task,
« use formalisms that you know (really) well.

43/

Consistency in the Collecting Semantics

Definition. [Consistency in the Collecting Semantics]
Decision table T is called consistent with conflict relation { in the collecting se-
mantics (under conflict axiom ¢...,,a) if and only if there are no conflicting actions
in the effect of jointly enabled transitions, i.e. if

= Feou(T) A eont = N(ay agyes (01 Aaz).

44y

Tell Them What You've Told Them. ..

fora formal

language with

ication

« formal syntax,
« formal semantics.

+ Requirements analysts can use DTs to
« formally (objectively. precisely)

describe their understanding of requirements.
Custe

need

DT properties like

« (relative) completeness, determinism,
 uselessness,
can be used to analyse requirements,
The discussed DT properties are decidable,
there can be automatic analysis tools

« Domain modelling formalises assumptions
on the context of software; for DTs:
« conflict axioms, conflict relation,

Note: wrong assumptions can have serious consequences.
47
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