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Topic Area Architecture & Design: Content

VL1l e« Introduction and Vocabulary
« Principles of Design

information hiding and data encapsulation
(iv) abstract data types, object orientation

« Software Modelling

i) views and viewpoints, the 4+1 view

model-driven/-based software engineering

Unified Modelling Language (UML)

vL12 (iv) mod
a) (simplified) class diagrams
b) (simplified) object diagrams

VL13

a) communicating finite automata
b) Uppaal query language
) basic state-machines
VL4 d) an outlook on hierarchical state-machines

« Design Patterns

Class Diagrams

S48

Class Diagrams: Concrete Syntax

class name
c
v : Ty
typed :
attributes Wt Ty
T(Toae - Tim) i Tig
typed H
methods STty Tnny) : T

Ty € 7 U{Co,1,C. | Caclass name}
« 7 isasetof basic types, eg. Int, Bool, ...

[ o]

attributes
compartment

methods
compartment
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Concrete Syntax: Example

And nothing else! This is the concrete syntax of class diagrams for the scope of the course.

From Abstract to Concrete Syntax

get_a() : Int

i ' = (7,%,V, atr, F, mth)

o 7=l Bl

cw={d, DY,
.<umx.§\w.m§\s&rw\

. ::,HM o fpmd, uvvwm&_lm_
e P § ko bl getxi bt ],
o mth={Crf, D{F gehx}s

- 4 T
RS

b ) 3 f, gebx)

$ily e Ta =T, 430
i =T i uso

wm: T

if w0 albo ok

Tras
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Abstract Syntax: Object System Signature

Definition. An (Object System) Signature is a 6-tuple

S = (Z,%,V, atr, F, mih)

where
7 is a set of (basic) types,
¢ is afinite set of clas:

V is afinite s

.

Note: Inspired by OCL 2.0 standard OMG (2006), Annex A.

Once Again: Concrete vs. Abstract Syntax

W&&ﬁm\\—\

typed attributes v : T, i.e, eachv € V hastype T,
atr : € — 2" maps each class to its set of attributes.

Fis afinite set of typed behavioural features f : 71, . .
o mth : € — 2" maps each class to its set of behavioural features.

Atype can be a basic type 7 € 7, or Ci.1, or C.., where C € 4.

— Bool, get_x
{C 0.0 ([ get.
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Object System Signature Example

Definition. An (Object System) Signature isa é-tuple

P =(Z6V,atr

T.ie. eachu & Vhastype T,
2" maps each class to s set of attrbutes.

setof typed behavioural features £ : T, ... T, — T.
© th € 2" maps each cass o s st of behavioura eatures.
CuwhereC < ¢

+ Atypecanbeabasictype r € 7,01 Co..

o
/
So= :?wmm&vlm
{C, D}, N
{aIntp:Conn:Cl aky

(eo b o’ o

: Int — Bool, get_z : Int},

[ i R

{C—0.D{f, EF::/
i

EZ]

Class Diagrams at Work
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Visualisation of Implementation

« The class diagram syntax can be used to visualise code:
provide rules which map (parts of) the code to class diagram elements.

13/48

Literature Recommendation
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Visualisation of Implementation: (Useless) Example

open favourite IDE, =
open favourite project,
press “generate class diagram” =

wait...wait... wait, =

il

(o]
AR

e

e

B0, O [

=| o ca 35classes,
* ca 5000LOCC#

Ll

A More Abstract Class Diagram Semantics

17118

Visualisation of Implementation: (Useful) Example

Joystick?

Gameplay

Keyboard?

e | | vty

e
- e

Note: a class diagram for visualisation may be par
—+ show only the most relevant classes and attributes (for the given purpose).

Note: a signature can be defined by a set of class diagrams.

+ use mult

le class diagrams with a manageable number of classes for different purposes.

« Adiagram s a good diagram if (and only if?) it serves its purpose!

Object System Structure

Definition. A Object System Structure of signature
S =(7,%,V, atr, F, mth)
isa Mmﬂm,.z\@n:a)\@ which assigns to each type a domain, i.e.
o 7€ 7 ismappedto 7(r),
« C € ¢ is mapped to an infinite set 7(C) of (object) identities.
ities of different classes are disjoint, ..
C#D - 7(C)n2(D) =0,
« on object identities, (only) comparision for equality “="is defined.

« C,and Cy, for C € % are mapped to 22(C).
We use (%) to denote .., 7(C); analogously 7(%.).
Note: We identify objects and object identities,

because both uniquely determine each other (cf. OCL 2.0 standard).
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Basic Object System Structure Example

Wanted: a structure for signature
FHowes 3 Fawey y
o = ({Int, Bool}, {C, D} {a : Int.ps Cosyn s C.}.{C > {pin}, D {p.}h,

{f  Int = Bool, get_z : Int},{C = 0.D = {, get_z}})

Astructure 2 maps
« 7€ 7 tosome 7(r), C € % to some identities (C) (infinite, pairwise disj
e Cyand Cp,1 for C € € to 7(Co,1) = 2(C4) = 22(9),

D(Fouw) = § fose, daiss, 4 §
Int) = Z
2(0) = WN*x fef = e 2. 3.
(D) = NX D) = {1,2,3,.3
@ =2y = 22¢
Do) = (D) = 22
19748
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System State ol fahine

Definition. Let 7 be a structyte of . = (.7, %, V, atr, F, mth).
A system state of .7’ wrt. 7 i$ a type-consistent mapping

:9(€),» (V -+ (2(T)U 2(¢.))).

Thatis, for eachu € 2(C), C € €, if u € dom(o)
o dom(o(u)) = atr(C)

e o) € 2(r)ifviT,TEeT

o o(u)(v) € 2(D.)ifv:Dyyorv: D, withD €%

We callu € (%) alivein o if and only if u € dom(c).
We use % to denote the set of all system states of . wrt. 2.

2048

Object Diagrams

< 2318

System State Examples

Hoares y: Tl 4
S = ({Int, Bool}, {C, D}, {w : Int,p: Co,1,n: Co},{C = {p,n}, D+ {p,z}},
{f : Int = Bool, get_z : Int},{C — 0, D = {/, get_z}})
P(Int) =Z, 2(C)={l¢,2¢,3¢,..}, 2(D)={1p,2p,3p,..}
D Howe) = { oe, daazy, Lt}

Asystem state s a partial function o : 2(€)  (V  (2(7) U (%.))) such that

(w) = atr(C). e o(w(v) € 2(r)fvimTE T,
o o(u)(v) € 2(C.)ifv: Dyorv: Doy with D €€

o dom|

o-r

5= {1 p{ynpese, po £S48, nm 83 ,
se Biynly, pod, v L],
Yo b ine 0 p RIS M

2148

Object Diagrams

o = ({Int, Bool},{C, D}, {w : Int,p: Co,1,n : Cu},{C = {p,n}, D = {p,a}},
{f : Int — Bool, get_z : Int},{C 0, D = {f,get_z}}),  Z(Int) =17

o ={lc— {p 0, {5c}}}5¢ = {p s On s 0} 1p = {prs {5}z — 23}}

« We may represent o graphically as follows:

Concrete Syntax:

__ mandatory

Thisis an object diagram. optonal—

 Alternative notation:

_ opt i

optional

& 24/48



Special Case: Dangling Reference

Definition.

Leto € ©% be a system state and u € dom(o) an alive object of class C'in o.
Wesay r € atr(C) is a dangling reference in uif and onlyif 7 : Co. orr : C.. and
u refers to a non-alive object via v, i.e.

w)(r) ¢ dom

Example: \M \M
e o={lc {p=0n— (el lo ~ {pr {bch x> 28} Sz &dow ()

AL Sis RE

« Object diagram representation:

25/48

Object Diagrams at Work

28/48

Partial vs. Complete Object Diagrams

« By now we discussed “object diagram represents system state:

{lc = {p— 0,n— {5c}},
B¢+ {prr O,n s 0}, ~
1 {p e {5che o 23}

What about the other way round...?

Obiject diagrams can be partial

—» we may omit information.

Is the following object diagram partial or complete? (ut. given Sguahae ?)

« If an object diagram
« has values for all attributes of all objects in the diagram, and
we say thatitis meant to be complete

then we can uniquely reconstruct a system state o. 26748

Example: Data Structure

eNode
parent- BaseNode. Trerator
prevSibling: BaseNode.

nextSibling : BaseNode.
firstChild: BaseNode.
lastChild : BaseNode.

I

Node

@ T
Node{ data: 7)

empty(): bool.
size): int

29118

Special Case: Anonymous Objects

If the object diagram

is considered as complete, then it denotes the set of all system states
{er o {p = 0o {eal} e o {p s Bm s O}, o> {p o> {ea}, @ > 23}

where c€ 2(0), de 2(D), c#lc.

Intuition: different boxes represent different objects

27148

Example: Illustrative Object Diagram

erator | beant T i [ erator




Object Diagrams for Analysis

31748

Constraints on System States

C

o Int
« Example: for all C-instances, x should never have the value 27.

Ve € alllnstancesc:

¢ 34718
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Constraints on System States
C
x: Int
« Example: for all C-instances, 2 should never have the value 27.
Ve € alllnstancesc o x(c) # 2T
« Proto-OCL Syntax wrt. signature (.7, 6, V, atr, F, mth), cis a logical variable, C € %"
¢ 10
| alllnstancesc  :27¢ , el
| () tTe =Tl ifv:7eatr(C), zeJ”
| w(F) 1Tc = Tp, ifv: Doy € atr(C)
| o(F) iTe =270, ifv: D, € atr(C)
| J(Fi Fa) imixc Xty ffimix X T
| VeeFieFR :10x29xB. - B,
& 3448

Towards Object Constraint Logic (OCL)
— “Proto-OCL” —

33/48
Constraints on System States
« Example: for all C-instances, = should never have the value 27.
Ve € alllnstancesc o x(c) # 27
 Proto-OCL Syntax wrt. signature (7, ¢, V, atr, F, mth), cis a logical variable, C' € %
= 10
| alinstancesc :27¢ , <e€
| o(F) tTe =Ty, ifo:7eatr(C), Tel”
| o(F) 170 = 7D, ifv: Doy € atr(C)
| wo(F) iro 27D, ifv: D. € atr(C)
| f(FiyeeyFa) imiX X Ta—7,  HfimiXeXT0 o7 ()
| VeeFieF, :70x27¢xBi—»B.
F
o The formula above in prefix normal form: V¢ € alllnstancescs # (¢(c),27) (%)
it
=
3448



Semantics k&gkxm &5 D@ +> (V45 TI)ADE)

« Proto-OCL Types;
o Ifrel = 2(C) UL}, Tiru] = 2(n) O{L}, I[2e] = 2(C.) U{L}
o I[B.] = {true,false} U {L}, I[Z.]=ZU{L}

* Functions:
« We assume f7 given for each function symbol  (— in a minute),

 Proto-OCL Semantics (interpretation function)

* I[c](0.8) = B(c) (assuming 3 is a type-consistent valuation of the logical variables),

* Hallstoncesg).5) = dom(o) 0 9Q) \.H.Q.M@m*wn\s
. T ENH) = ﬁﬁ_ﬁfeé?s Lif Z[F](o, 8) € dom(o)

" otherwise (if not v : Co,1)

JFZIF) (o, B) = {u'} C dom(e)

. otherwise (v Co)

o T(B))(,5) = ﬁ

o I[f(Fy,- -, F)l(@,8) = fz(Z[F1)(, 8), -, Z[Fal(o, ).

= u)) = tueforallu € T[F1](c, 8)
— u]) = false for some u € Z[Fi[ (e, 5)

o I[Vc e Fy o Py (o, 8) = false
1 otherwise
35/48

More Interesting Example

Tt

& bt
Vel o x(n(e)) # 27
% (x(u (D), 27)

o Similar to the previous slide, we need the value of prfem el

¥ 38/48

Semantics Cont’d

« Proto-OCL is a three-valued logic: a formula evaluates to true, false, or L.

* Example: Az(-

) : {true, false, L} x {true, false, 1} — {true, false, 1 } is defined as follows:

false | false false
true | false 4
False | false false | L | false |

true | false | |

z1 true | true | true
£
Az(wy,wz) || tue | false | T

We logical ves =, A, V. ... with  3-valued

o Example: +7(,-) : (Z U {L1}) x (ZU {L1}) > Z U {1}

@1 +ay Lfer # Landay # L
L . otherwise

+z(z1,72) uﬁ

We assume common arithmetic operations —, /, *, .
and relation symbols >, <, <, ... with monotone 3-valued interpretation.

« And we assume the special unary function symbol is Undefined:

tue L ifx =1,
false , otherwise

isUndefinedz () = ﬁ

isUndefined s definite: it never yields 1.

36/48

More Interesting Example

& bty
Ve B 0 a(n(c)) # 27

« Similar to the previous slide, we need the value of
o (o(Z[el(e,8) )(n)) (x)
* I[d(e,8) = Ble) = 1c
* o(Z[e(0,8) )(n) = o(1c )(n) = 0

o 7 (o(Z[el(0,6) )(m) ) (a) = L

by the following rule:

o(u’ A Z[F)(o,8) = {u'} C dom(o)
L . otherwise

I[o(F)](o, 8) = ﬁ (ifv: Co,1)

38/48

Example: Evaluate Formula for System State

F =Ve € alllnstancesc » z(c) # 27

o Recall prefix notation: V¢ € alllnstancesc: » #(z(c), 27)
Note: # is a binary function symbol. 27 s a 0-ary function symbol

 Example:
I[¥c € allinstancesc o #(x(c), 27)](c,0) = true, because...
Pyt
Z[#((0).27)](0,8). 8= 0lc:=1¢] = {e > 1c}

= #2(Z[z(o)l(o, 8), Z[27](e. B) )

= #2(o(ZI)(0.8)) @), 27)

=#z(o(B(c))(x), 271)

=#1(0o(1c)(x), 277)

=#2(13, 27) = true and 1 is the only C-object in o Z[allInstancesc](, 0) = {1¢}.

3748

Object Constraint Language (OCL)

OCL is the same — just with less readable (?) syntax.

Literature: (OMG, 2006; Warmer and Kleppe, 1999).

% 39/48



Examples (from lecture “Softwaretechnik 2008”)

o context Location
© inv: name="Lobb:
mest ing->isEmpt

" implies

W solf € gy o s (puheipaats Gl )) = wanehepraé 64

lllshanes, ;. o weakeCoeft) = Loty
Vet )
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Putting It All Together

43718

Where To Put OCL Constraints?

 Notes: A UML note is a diagram element of the form \Q» @y

teat can principally be every

Sometimes, content s explicitly classified for clarity: r

« Conventions:

stands for

W self € alllnstancesc o F

41s

Modelling Structure with Class Diagrams

Definition. Software s a finite description S of a (possibly infinite) set [S] of
sa_ae::?_iSEE_W.EE_Ee::leaﬁFQ_F@i_na

« 0; € 5, € Ny, is called state (or configuration), and

caE

The (possibly partial function [-] : § - [5] is called interpretation of S.

i € Iy, is called action (or event).

« The set of states ¥ could be the set of system states as defined by a class diagram, e.g.

$:=xZ

« A corresponding computation path of a software S could be

e 1| mec 1|mec T, mec) T,

 If arequirement is formalised by the Proto-OCL constraint

F =VYc€ allnstancesc o x(c) < 4

then S does not satisfy the requirement

44748
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More General: Software vs. Proto-OCL

Let. be an object system signature and 7 a structure,

Let S be a software with
o states® C ©%,and
« computation paths [S].

Let F' be a Proto-OCL constraint over .7,

We say [ ] satisfies £, denoted by [S] = F, if and only if for all

ay ay

09— 01 —> 03+ € [S]

andalli € N,
I[F)(0:,0) = true.

We say [S] does not satisfy F, denoted by [S] } F. if and only if there exists
00 2 5 22 0, € [S]and i € Ny, such that Z[F] (o, 0) = false.

Note: ~([S] | F) does notimply [S] = F.
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Tell Them What You've Told Them. .. References

Ambler, S W. (2005). The Elements of UML 20 Style. Cambridge Universiy Press.
Kopetz. H. (2011). What | eared from Brian. I Jones, C. B et a, editors, Dependable and Historic Computing, volume 6875 of LNCS. Sprnger.

o Class Diagrams can be used to graphically
isualise cod Lovins, A 8.and Lovins, L H. (2001 Brtle Power
¢ visualise code, g Ludewig, . and Lichter, H. (2013). Software Engineering. dpunktverlag, 3. edition.
« define an object system OMG(2006) Object verson 20,
=y Schumann, M, Steinke, | Deck.A. and Westphal, B. (2008). Traceviewer verson 1. Technicalreport,Car
Universitat Oldenburg und OFFIS
« An Object System SZEcET2 .7 (together with a structure %) . e 00
efere,

o defines a set of system states £%. References
+ ASystem State 0 € 1%

o can be visualised by an object diagram.
« Proto-OCL constraints can be evaluated on system states.
« Asoftware over 2% satisfies a Proto-OCL constraint F if and only

if I evaluates to true in all system states of all the software’s com-

putation paths.
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