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Topic Area Architecture & Design: Content
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VL11 e Introduction and Vocabulary
e Principles of Design

) modularity

(i) separation of concerns
) information hiding and data encapsulation
) abstract data types, object orientation

e Software Modelling
(i) views and viewpoints, the 4+1 view
(i) model-driven/-based software engineering
(iii) Unified Modelling Language (UML)
VL 12 (iv) modelling structure

a) (simplified) class diagrams

b) (simplified) object diagrams

c) (simplified) object constraint logic (OCL)

VL 13 (v) modelling behaviour

a) communicating finite automata
b) Uppaal query language
c) basic state-machines
VL 14 d) an outlook on hierarchical state-machines

o Design Patterns
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Content
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o Class Diagrams

—(e concrete syntax,
—(e abstract syntax,
—e class diagrams at work,

e Object Diagrams

—(e concrete syntax,

—e dangling references,
—e partial vs. complete,

e object diagrams at work.

e Proto-OCL

—(e syntax,

e semantics,
—e Proto-OCL vs. OCL.

o Putting it All Together:
Proto-OCL vs. Software

—e semantics: system states.
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Class Diagrams:

Concrete Syntax
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class name
C
1 - T1
typed :
attributes v, T,
f1 (T1,1) . e 7T1,n1) . Tl,()
typed :
methods f (T .

where

7Tm,nm) : Tm,O

o Th,....,Tmo€ T U{Ch1,Cs | Caclass name}
e 7 is aset of basic types, e.g. Int, Bool, . . ..

class

attributes
compartment

methods
compartment

6/48



Concrete Syntax: Example

- 12 - 2016-06-20 - Sumlsig -

D
x : Int
P Coa
f(Int) : Bool
get_z() : Int x : Int
p:Coa

D
x: Int
f(UInt) : Bool
get_x() : Int

Alternative lazy notation for alternative notation:

D
0.+ c 0..1 x:Int .
P f(Int) : Bool

p10.1 get_z() : Int

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

7/48
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Abstract Syntax: Object System Signature

-12 -2016-06-20 - Sumlsig -

Definition. An (Object System) Signature is a 6-tuple
S =(7,¢,V, atr, F, mth)

where

I:wuelsef 015' \/

o Jisaset of (basic) types,

e % is afinite set of class

o Visafinites typed attributes v : T', i.e., eachv € V has type T,

o atr : € — 2V maps each class to its set of attributes.

e F'isafinite set of typed behavioural features f : T1,...,T, — T,
o mth : € — 2* maps each class to its set of behavioural features.

o Atype canbeabasictype T € 7, 0r Cy 1,0r Ci,where C € €.

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

we wnll

descuss

wsl’ SO

8/48
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Object System Signature Example

- 12 - 2016-06-20 - Sumlsig -

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

S =(,6,V, atr, F, mth)

where

T is a set of (basic) types,
% is a finite set of classes,

V is afinite set of typed attributes v : T',i.e., eachv € V has type T,

atr : € — 2V maps each class to its set of attributes.

F is a finite set of typed behavioural features f : T1,...,7, — T,
mth : € — 2% maps each class to its set of behavioural features.

A type can be a basic type 7 € .7, or Cy,1, or C, where C € 7.

/3’

0 = ({Int, Bool},

{0}~ A%
{a: Int, 01,7 : C}
pilos,p Gy P-at

¢~ pn, D Ap i} T
{f Int — Bool ,get_ Int}

{C= 0,0 {f, get_@r.})\a

9/48
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From Abstract to Concrete Syntax

- 12 - 2016-06-20 - Sumlsig -

n D
0. * C 0..1 B Int
S | P f(Int) : Bool
pto.1 T get_x() : Int

S =(7,%,V, atr, F, mth)

o g:{lwﬁ', Bwljl
- v ={C, D, 0Ty To T, 120

v ferlet, 71Con, nCeS, T f e
° atr:{ dH{P'”‘Z: :DH{%‘,P}?’ /M-T— of =0
o ' = % ,F;imf—éjgoo(' Z‘;]-_;(: Inés,

o mth :f C‘Hﬂir:bl—’{#, glf'—-’(ji
wil (C) =&
wbh () =3 {, gebx;

10/48
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Once Again: Concrete vs. Abstract Syntax

- 12 - 2016-06-20 - Sumlsig -

D
C z: Int
n: C* p: 0071
p:Coa f(Int) : Bool
get_x() : Int x : Int
p:Coa

D

0..% 0.1 x: Int
c *> T F{Int) : Bool

rfoa get() : Int

D
II) o 0..1 z: Int
p f(Int) : Bool
D ’[ 0.1 get_x() : Int

0 = ({Int, Bool},
{C, D},
{z:Int,p: Co1,n:C.},

{C = A{p,n}, D —{p,z}},

{f : Int — Bool, get_x : Int},

{C—0,Dw— {f,get_x}})

D
0..1 x: Int
p f(Int) : Bool
lor ] Lo

| 0.1|p
D n

x: Int I

0..
f(Int) : Bool Ij c
get_z() : Int p [0..1

n:C,
p:Coa

D

x: Int

p:Con

f(Int) : Bool
get_xz() : Int x : Int
p:Con

11/48
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Class Diagrams at Work
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Visualisation of Implementation
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o The class diagram syntax can be used to visualise code:
provide rules which map (parts of) the code to class diagram elements.

package pac; package pac;

1
import pac.D; 3| import pac.C;
public . ;
5| public flass DJ{
public D n; ;

pm‘vate
8

9 public int get_x()
10 { return x; J;

Y 11

12 public D() {};

public void print_nx
System.out. printf (
11 "%i\n", n.get_x()

13 public C() {3};

14} R
pac
J
C b /
n X:int &&=
print_nx(); 0..1 | get_x():int;
C(); D();

13/48
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Visualisation of Implementation: (Useless) Example
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e open favourite IDE,

e open favourite project,

e press “generate class diagram”

e wait...wait...wait...

e ca. 35 classes,
e ca. 5000 LOCC#

14/48



Visualisation of Implementation: (Useful) Example
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Tron

Joystick? 1 ,—' Player OpenGL?
gt colour
score L.x
o Control direction Gameplay Render o
[ speed

Keyboard aalib?
update notify

head

Sggmoent Engine
X2y areawidth
Al? Z:(glgLr 0« | areaheight
h world

o Note: a class diagram for visualisation may be partial.

— show only the most relevant classes and attributes (for the given purgose).

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

— use multiple class diagrams with a manageable number of classes for different purposes.

o Adiagram is a good diagram if (and only if?) it serves its purpose!

15/48
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Literature Recommendation
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UML 2.0

—®
Scott W. Amblar

(Ambler, 2005)

16/48
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A More Abstract Class Diagram Semantics
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Object System Structure
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Definition. A Object System Structure of signature
S = (T,6,V,atr, F, mth)

is a domain function & which assigns to each type a domain, i.e.
NN ——N

o T € 7 ismappedto Z(7),

NI~

o C' € ¥ is mapped to an infinite set (') of (object) identities.

o object identities of different classes are disjoint, i.e.
VO, De€:C#D— 2(C)ng(D) =10,
e on object identities, (only) comparision for equality “="is defined.

o C.and Cy 1 for C € € are mapped to 27(C).

We use (%) to denote | .. Z(C); analogously Z(%).

Note: We identify objects and object identities,
because both uniquely determine each other (cf. OCL 2.0 standard).

18/48
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Basic Object System Structure Example
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Wanted: a structure for signature

Howes g7 Hlowey
= ({Int, Bool},{C,D},{x : Int,p: Cy1,n:C.},{C — {p, nt, D — {p,x}},

{f: Int — Bool, get_x : Int},{C — 0, D — {f, get_z}})

A structure  maps
o 7€ J tosome Z(7),C € ¥ tosome identities Z(C) (infinite, pairwise disjoint),
e C,and Co1 forC € € to 9(00,1) = 9(Cy) = 22(C),

D (How) = $ (ose, daisy, Lty {
) = Z
) = Nt x o] = 1,723,
9(D) — NFX D} = I,2,3,.3
)
)

Z{DCC')

o
:2_3))

19/48
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System State

-12 -2016-06-20 - Sumlstruc -

ol Lt
prbel 4 A

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

, —
720 (TR, Sk

Thatis, foreachu € 2(C),C € €, if u € dom(o)

o dom(o(u)) = atr(C)
o o(u)(v)e Z(r)ifv:T,T€ T
o o(u)(v) € Z2(Dy)ifv:Dgiorv: D,withD € €

We callu € 2(%) alivein o if and only if u € dom(o).

We use Y7 to denote the set of all system states of .77 wrt. 2.

20/48
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System State Examples

-12-2016-06-20 - Sumlstruc -

Howes y: Tlows 4
Z0 = ({Int, Bool},{C,D},{x : Int,p: Co,1,n: Cy},{C — {p,n},D — {p,x}},
{f : Int — Bool, get_z : Int},{C — 0,D — {f, get_z}})

Y(Int) =72, 2C)={1¢,2¢,3¢c,---}, 2(D)={1p,2p,3p,...}

D Hower) = § vae, Ly, Ly
A system state is a partial function o : (%) - (V - (2(7) U 2(%%))) such that
o dom(o(u)) = atr(C), o o(u)(w) e Z(r)ifv:7,7 € 7,

o o(u)(v) € 2(Cx)ifv:Dyorv: DgiwithD € % .

/8

5= {1c P> {ybrse, P (S8, n 43 /
S Pignp by, ppa, v 143
Iy b 3t I p P35 j

G,

/
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Content
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o Class Diagrams

—(e concrete syntax,
—(e abstract syntax,
—e class diagrams at work,

e Object Diagrams

—(e concrete syntax,
—e dangling references,
—e partial vs. complete,

e object diagrams at work.
e Proto-OCL

—(e syntax,
e semantics,
e Proto-OCL vs. OCL.

o Putting it All Together:
Proto-OCL vs. Software

—e semantics: system states.
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Object Diagrams

23/48



Object Diagrams

-12-2016-06-20 - Sod -

0 = ({Int, Bool},{C,D},{x : Int,p: Co,1,n: Cs},{C — {p,n}, D — {p,x}},
{f : Int — Bool, get_z : Int},{C — 0, D — {f, get_z}}), 9(Int) = 7

U—{lcl—>{pl—>® nn—>{50}}} 5c—={p—0,n— 0} l Ip — {p— {bc},z+— 23}}

/ ”
o We may reﬁsent o graphically as follows
5¢ : C
py— , :133 Concrete Syntax:
n=~_( x = 23 Jat
r——1 r————1 | mandatory
L1 id 1:v class 17
This is an object diagram. optional — [ L= 211 T
e Alternative notation: | 1= . g
compartment
S optional
1lc: C n be: C p 1p: D Il Un IZILd” I
p=20 i g z = 23
o Alternative non-standard notation: L
[ optional
D lc : C n 5¢:C p 1p: D -
P— _ _ x =23 IL od B class |
p O I

24/48
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Special Case: Dangling Reference

-12-2016-06-20 - Sod -

Definition.

Let o € ©Z be a system state and u € dom(o) an alive object of class C'in o.

Wessay r € atr(C) is adangling reference inwifandonlyifr : Cy , orr : C, and
u refers to a non-alive object via v, i.e.

v

Example: 0

o o= {&fj: {p—0,n— {502},"1_2'—> o {E}ax = 23}‘}

o Object diagram representation:

o(u)(r) ¢ dom(o).

1o :

C

Y

o

p:

0

Sc &dow (o)

25/48
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Partial vs. Complete Object Diagrams

-12-2016-06-20 - Sod -

e By now we discussed “object diagram represents system state”™

{lec = {p—0,n— {5¢}}, 50:C

C
3 p .
50 s {p s 0,n s 0}, . T s

1p — {p— {bc},xz— 23}} n=>90
What about the other way round...?
e Obiject diagrams can be partial, e.g.

le.C ] " 5 C) lp: D or ic:C 50 : C Ip:D
T =23

— we may omit information.

o Is the following object diagram partial or complete? (. a:'/eq 4\'3\46‘7[!4/& N >

1lc : C n 5c: C p 1p: D

p=10 ’ % z = 23

e If an object diagram

e has values for all attributes of all objects in the diagram, and
e if we say that it is meant to be complete

then we can uniquely reconstruct a system state o. 26,48
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Special Case: Anonymous Objects

-12-2016-06-20 - Sod -

If the object diagram i 0

1lc : C n
p=>0

: D
p=10 —
"= r =23

is considered as complete, then it denotes the set of all system states

{eci—={p—0,n—{c}}tt o= {p—=>0,n—0},d— {p+— {c2},x — 23}}

where ce 2(C), de 2(D), c#lc.

Intuition: different boxes represent different objects.

27/48
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Object Diagrams at Work
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Example: Data Structure (schumann et al., 2008)

-12 - 2016-06-20 - Sodatwork -

BaseNode

parent : BaseNode,
prevSibling : BaseNode.
nextSibling : BaseNode,,
firstChild : BaseNode,
lastChild : BaseNode.,

Iterator

node

Node
data: T
Node( data: 7T)

operator++() : Iterator
operator——() : Iterator
operatorx() : BaseNode ;

begin_it end_it

Forest

appendTopLevel( data: 7")
appendChild( parent : Iterator, data: T")
remove( it ; Iterator )

depth(it: Iterator): int

end() : Iterator

begin() : Iterator

empty() : bool

size() : int

29/48



Example: Illustrative Object Diagram (schumann et al., 2003)

begin_it end_it
. Iterator : Forest — . Iterator
node node
nextSib nextSib
A : Node E : Node end : BaseNode
prevSib prevSib
parent firstChild
parent _ _
firstChild parent lastChild firstChild
nextSib
B : Node C:Node F : Node
prevSib
lastChild
arent . .
P firstChild
D:Node |
vI Traceviewer: hierarchy exa structwhr =
Fle ‘Jiew Edit Help
Hsearch:l ﬂlter:l * positive  negative reset
BaseNode : : :
parent : BaseNode, [terator ) 1 2 =
prevSibling : BaseNode,, node
nextSibling : BaseNode., operator-+-() : Iterator —-A i
firstChild : BaseNode, operator——() : Iterator {7 et 17 v
lastChild : BaseNode, operatorx() : BaseNode ; f
B I7
begin_it end_it
Forest - {3 wh
Node
data: T appendTopLevel( data: T") T
D B3 ¥
| Node(data: 7) appendChild( parent : Iterator, data: T") 1
% remove( it : Iterator ) :
s depth(it: lterator ) : int S ISurnrnary of rows E contains
_§ end() : lterator
o begin() : Iterator .
v empty() : bool F (false true
('3 size(): int ]
o
O
Q K1 B
O
o )
o~
o
1

3048



Object Diagrams for Analysis
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A
M :N
ctime = 27 data = d;

‘M N | [ :N N ]

ctime =5 data = do data = d3 data = d4
M N |

ctime =9 data = d5
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Content

-12 - 2016-06-20 - Scontent -

o Class Diagrams

—(e concrete syntax,
—(e abstract syntax,
—e class diagrams at work,

e Object Diagrams

—(e concrete syntax,
—e dangling references,
—e partial vs. complete,

>(. object diagrams at work.
e Proto-OCL

—(e syntax,

e semantics,
—e Proto-OCL vs. OCL.

o Putting it All Together:
Proto-OCL vs. Software

—e semantics: system states.
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Towards Object Constraint Logic (OCL)
— “Proto-OCL” —
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Constraints on System States

-12-2016-06-20 - Socl -

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

V¢ € alllnstancesc ® x(c) # 27

x: Int

34/48



Constraints on System States

-12-2016-06-20 - Socl -

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

V¢ € alllnstancesc ® x(c) # 27

x: Int

e Proto-OCL Syntax wrt. signature (7, €, V, atr, F, mth), cis a logical variable, C' € ¢

F .=

c
alllnstancesc
v(F)
v(F)
v(F)
f(Fy, ..., Fy)
Vee FieFy

X re.
. 27¢, el

L TC — TL, if v
. TC — TD, if v
1o — 2™D, if v
CTL X o X T — T, if f

:’7'0><2TC><IBJ_—>IBJ_

7€ atr(C), TeJ”
: Do,1 € atr(C’)
: Dy € atr(C)

:Tlx"'XTn_>7—

34/48
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Constraints on System States

-12-2016-06-20 - Socl -

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

V¢ € alllnstancesc ® x(c) # 27

x: Int

e Proto-OCL Syntax wrt. signature (7, €, V, atr, F, mth), cis a logical variable, C' € ¢

F .= ¢ L TCO

alllnstancesc  : 27, cfel

v(F) L Te — TL, if v
v(F) : e — 2'P if v

f(Fl,...,Fn) T X oo X T — T, it f

|
|
| v(F) . TC — TD, if v
|
|
| VeceFieF, :17cx2'¢xB; —-B,

e The formula above in prefix normal form: V¢ € alllnstancesce # (xz(c), 27)

7€ atr(C), TeJ
: Do,1 € atr(C’)
: Dy € atr(C)

tTL X - X Ty =T ()

G¢)

34/48
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Semantics disy€ 5 D) > (V4> ) D))

i ov,

-12-2016-06-20 - Socl -

e Proto-OCL Types:
o Ifre] = 2(C)u{l}, Ilri]l=2()u{l} I[27¢]=2(Cx) U{Ll}
o Z[B.] = {true,false} U {L}, I[Z,]=7ZU{L}

e Functions:
e We assume f7 given for each function symbol f (— in a minute).

o Proto-OCL Semantics (interpretation function):

o Z[c](o,B) = B(c) (assuming S is a type-consistent valuation of the logical variables),
e, F IUS(O;{S)
y & alre w o
_ [e @@ s)v) 2@, 8) € dom(o)
HotF)e. h) = {J_ , otherwise

o T[alllnstancesc] (o, B) = dom(o) N 2(C),
~ _S

(if not v : 00’1)

o(u')(v) ifZ[F](o,B8) = {u'} C dom(o)
1 , otherwise

I[v(F)](e,B) = { (ifv: Co.1)

ZIf(Fr, ..., Fu)](o, B) = fz(Z[F1](0, B), ..., Z[Fn](o, B)).

true ,if Z[F2] (o, Blc := u]) = trueforallu € Z[F1] (o, B)
Z[Vc € F1 @ F2](0,8) =« false ,if Z[F>](o, Blc := u]) = false for some u € Z[F1](o, B)
1 , otherwise

35/48
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Semantics Cont’d

-12-2016-06-20 - Socl -

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

o Example: Az (-, ) : {true, false, | } x {true, false, | } — {true, false, 1} is defined as follows:

1 true true true | false | false | false 1 1 1
9 true | false 1 true false 1 true | false | L
Nz(x1,22) true | false L false | false | false L false | L

We assume common logical connectives —, A, V, . ..

Example: +z(-,"): (ZU{L}) x (ZU{L}) - ZU{Ll}

1 +xo ifx =+ 1 and zo #* 1
1 , otherwise

+z(x1,22) = {

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

And we assume the special unary function symbol isUndefined:

true ifx=_1,

isUndefined+(x) = {false otherwise

isUndefined 7 is definite: it never yields L.

with canonical 3-valued interpretation.

36/48
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Example: Evaluate Formula for System State
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1c: C C
: . : Int
O Tr =13 Ji [

F =Vc € alllnstancesc o x(c) # 27
o Recall prefix notation: V ¢ € alllnstancesc ® #(x(c), 27)
Note: # is a binary function symbol, 27 is a 0-ary function symbol.

e Example:

Z[V ¢ € alllnstancesc ® #(xz(c),27)] (o, D) = true, because...

N\ AN

I[A((c), 27)](0,8). | B:=0ci=1c] = {c— Lo}

— 22(I[2()](0, 8), Z[27)(o, B) )

= #2(o(Z[c)(0, 8)) (@), 271 )

= #2(o( B(c) )(v), 271)

=#1(o(1c )(x), 271)
(

= #7(13, 27 ) = true ...and 1¢ is the only C-object in o: Z[allInstancesc] (o, 0) = {1¢c}.
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More Interesting Example

-12-2016-06-20 - Socl -

1c:C n | C
: | x: Int
r=13
6445’4“’( B
Ve bR olac(n(c)) + 27
(s (un (), 2%)

o Similar to the previous slide, we need the value of /5= f ek 1 g

o (o(Z[c](o,8))(n)) (z)
L——-r-"‘
! é((l) ="{C_ K

c(l)v) =%

| \

I
=1

38/48


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


More Interesting Example

-12-2016-06-20 - Socl -

1c:C n | C
o : | x: Int n
z =13 0..1
6446‘!40"0‘(
Ve [ ex(n(c)) # 27
o Similar to the previous slide, we need the value of
o (o(Z[c](o,8) )(n)) (x)
o Ifc)(o,8) = B(c) = 1c
e o(Z]c](o,B))(n) =0c(1lc)(n) =10
e o(o(Z[c](o,8))(n))(z) =L
by the following rule:
Tho(F)] (0, 8) — {iw)(v) HIIFY(0.0) = (W) S doml@) e,
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Object Constraint Language (OCL)

-12-2016-06-20 - Socl -

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

Literature: (OMG, 2006; Warmer and Kleppe, 1999).
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Examples (from lecture “Softwaretechnik 2008”)
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TeamMember

name : String
age : Integer

Location

Meeting
2.% meetings
— g title : String
participants * | numParticipants : Integer

start : Date
duration: Time

name : String

move(newStart : Date)

@ context Meeting

@ inv:

self.participants—->size () =

j}f;.numParticipants

® context Location

@ inv:

name="Lobby" implies

meeting->isEmpty ()

anasy |,
/tn,lu?

Prof. Dr. P. Thiemann, http://proglang.informatik.uni-freiburg.de/teaching/swt/2008/

o size (puthicipants (ztf ) = wan s Gelf )

Vﬂé & ot(( [L&Ldyucma A'm.,e

necune ng} = Z"ééj ‘
> isbaply (umbiy (elf )
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Where To Put OCL Constraints?

-12-2016-06-20 - Socl -

o Notes: A UML note is a diagram element of the form

r— — 71
| text |

L — — — 1

text can principally be , in particular comments and constraints.

Sometimes, content is explicitly classified for clarity:

e Conventions:

stands for

OCL:
F

V self € alllnstancesc o F 5
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Content
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o Class Diagrams

—(e concrete syntax,
—(e abstract syntax,
—e class diagrams at work,

e Object Diagrams

—(e concrete syntax,

—e dangling references,
—e partial vs. complete,

e object diagrams at work.

e Proto-OCL

—(e syntax,

e semantics,

D—(o Proto-OCL vs. OCL.
o Putting it All Together:

Proto-OCL vs. Software

—e semantics: system states.
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Putting It All Together
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Modelling Structure with Class Diagrams
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Definition. Software is a finite description S of a (possibly infinite) set [S] of
(finite or infinite) computation paths of the form ¢, &, o4 2, o, - -+ Where

o 0; € 2,1 € INy, is called state (or configuration), and

o o; € A, 1€ Ny, is called action (or event).

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

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

¥ :=X7

e A corresponding computation path of a software S could be

27¢:C

=0

T

_>

27¢:C

r=1

T

_>

C
y: z: Int
27¢:C T 27¢:C T
ot | Ty | Zait | Ty .
r=3 x:4/

4

e If a requirement is formalised by the Proto-OCL constraint

F =Vc € alllnstancesc o x(c) < 4

then S does not satisfy the requirement.
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More General: Software vs. Proto-OCL
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Let .7 be an object system signature and & a structure.

Let S be a software with

o states ¥ C ¥Z and

e computation paths [ S].

Let F" be a Proto-OCL constraint over ..

We say [S] satisfies F’, denoted by [S] = F, if and only if for all
Oy Oé—1>0'1 Oé—2>0'2"' c [[S]]

and all 7z € INy,
Z[F](o:,0) = true.

We say [S] does not satisfy F', denoted by [S] = F,, if and only if there exists

g )

o9 —> 01 —> 09+ € [S]and i € Ny, such that Z[F](o;, ) = false.

Note: =([S] ~= F') does notimply [S] = F.
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Tell Them What You’ve Told Them. . .
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Class Diagrams can be used to graphically

e visualise code,

o define an object system % S

An Object System Mk & (together with a structure )

o defines a set of system states ¥Z.

A System State o € 2,

e can be visualised by an object diagram.

Proto-OCL constraints can be evaluated on system states.

A software over ¥ 7 satisfies a Proto-OCL constraint F if and only
if " evaluates to true in all system states of all the software’s com-
putation paths.

46/48


westphal
Bleistift


-12 - 2016-06-20 - main -

References

47,48



References

-12 -2016-06-20 - main -

Ambler, S. W. (2005). The Elements of UML 2.0 Style. Cambridge University Press.

Kopetz, H. (2011). What | learned from Brian. In Jones, C. B. et al., editors, Dependable and Historic Computing, volume 6875 of LNCS. Springer.
Lovins, A. B. and Lovins, L. H. (2001). Brittle Power - Energy Strategy for National Security. Rocky Mountain Institute.

Ludewig, J. and Lichter, H. (2013). Software Engineering. dpunkt.verlag, 3. edition.

OMG (2006). Object Constraint Language, version 2.0. Technical Report formal/06-05-01.

Schumann, M., Steinke, ]., Deck, A., and Westphal, B. (2008). Traceviewer technical documentation, version 1.0. Technical report, Carl von Ossietzky
Universitat Oldenburg und OFFIS.

Warmer, ). and Kleppe, A. (1999). The Object Constraint Language. Addison-Wesley.

4848



	Topic Area Architecture & Design: Content
	
	Content
	Class Diagrams
	Class Diagrams: Concrete Syntax
	Concrete Syntax: Example
	Abstract Syntax: Object System Signature
	Object System Signature Example
	From Abstract to Concrete Syntax
	Once Again: Concrete vs. Abstract Syntax

	Class Diagrams at Work
	Visualisation of Implementation
	Visualisation of Implementation: (Useless) Example
	Visualisation of Implementation: (Useful) Example
	Literature Recommendation

	A More Abstract Class Diagram Semantics
	Object System Structure
	Basic Object System Structure Example
	System State
	System State Examples
	Content

	Object Diagrams
	Object Diagrams
	Special Case: Dangling Reference
	Partial vs. Complete Object Diagrams
	Special Case: Anonymous Objects

	Object Diagrams at Work
	Example: Data Structure SchumannSteinkeDeckWestphal2008
	Example: Illustrative Object Diagram SchumannSteinkeDeckWestphal2008
	Object Diagrams for Analysis
	Content

	Towards Object Constraint Logic (OCL)  — ``Proto-OCL'' —
	Constraints on System States
	Semantics
	Semantics Cont'd
	Example: Evaluate Formula for System State
	More Interesting Example
	Object Constraint Language (OCL)
	Examples (from lecture ``Softwaretechnik 2008'')
	Where To Put OCL Constraints?
	Content

	Putting It All Together
	Modelling Structure with Class Diagrams
	More General: Software vs. Proto-OCL
	Tell Them What You've Told Them…

	References
	References




