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Topic Area Architecture & Design: Content
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VL10 e Introduction and Vocabulary
e Software Modelling

L(o model; views / viewpoints; 4+1 view

e Modelling structure
VL1 (¢ (simplified) Class & Object diagrams
- (e (simplified) Object Constraint Logic (OCL)

VL12 « Principles of Design
(e modularity, separation of concerns
(e information hiding and data encapsulation

(e abstract data types, object orientation

e Design Patterns

VL13 o Modelling behaviour

—e Communicating Finite Automata (CFA)
—e Uppaal query language

—e CFA vs. Software

VL14 (e Unified Modelling Language (UML)

(® basic state-machines

(® an outlook on hierarchical state-machines

e Model-driven/-based Software Engineering
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From Abstract to Concrete Syntax

n Cp)
0.+ @ (01 ) v IntJ
0.1

P f(Int) : Bool
y get_x() : Int

7 S =(Z,6,V,atr, F, mth)
o 47:{1\/09, %cd/i
A% =$C.D]

o T b, prch, el S

atrzgc(l_7§"‘/(75/ :D}'\D{K\/P%;
F:ff? /w‘éﬁ'zm/,
mthng| #—)ﬁ/

3161
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Basic Object System Structure Example

—10 —2019-06-17 — Sumlstruc —

Wanted: a structure for signature

0 = ({Int, Bool},{C,D},{x : Int,p: Cp1,n: C.},{C — {p,n}, D — {p,z}},
{f: Int — Bool,get_z : Int},{C — 0,D — {f, get_z}})

A structure & maps
o 7 € 7 tosome Z(71),C € € to some identities 7 (C) (infinite, pairwise disjoint),
o CrandCp 1 forC € €to 2(Cop.1) = 2(Cy) = 229,

(

2(Int) = 4 D §3,1%, 557
2(C) = N xiCj=i4,2 3 .] So,4,3 )
P(D) = N x {Dj=115,2,3,.3 Sa, az, e ..}
2(Co1)=2(C.) = Zgb(d)
D(Do1)=2(D.) = 293@)

40y61
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System State Examples

—10 —2019-06-17 — Sumlstruc —

20 = ({Int, Bool},{C,D},{x : Int,p: Co 1,n: Ci},{C — {p,n},D — {p,x}},
{f : Int — Bool, get_z : Int},{C — 0, D — {f, get_z}})
2(Int) =74, 2(C)={1¢,2¢,3¢,---}, 2(D)={1p,2p,3p,...}

A system state is a partial function o : 2(%€’) » (V -» (2(7) U 2(%%))) such that

o dom(o(u)) = atr(C), o o(u)(v) € Z(r)ifv: 7,7 € 7,
o o(u)(v) € Z2(Cy)ifv:Dyorv: Dg1withD € €.
binkk
T
o< f 2 1 fpo el wpgf 1o ipm il N‘%Z%fj
L//—> L\\_/_.&
D)
0,= 2

o3-§ S lem f65 nser 35
L_/‘_‘J

461
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Object Diagrams

—10-2019-06-17 — Sod —
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20 = ({Int, Bool},{C,D},{x : Int,p: Co 1,n: Ci},{C — {p,n},D — {p,x}},
{f : Int — Bool, get_z : Int},{C — 0, D — {f, get_x}}), D (Int) =7

e = {p—0,n— 0} 1p — {p— {bc},z — 23}

Concrete Syntax:
=23
——+ r—--—1 |  mandatory
) \ id 181 class 17
optional — | t— -t ——
: 77'171=\ 7(1,7?
T “compartment”
. optional
p 1 : D \ (2 \—\ dy, \
iDL - _
=23
r——i1
brol— .
L—— optional
p [lei€l n 1€ P dpiD e o
| | | ' 50223 ,,,,,,,, J

50ye1
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Content
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E->iject Diagrams Cont'd
—(e dangling references

—(e partial vs. complete

(e object diagrams at work

e Proto-OCL

—® syntax, semantics

—e Proto-OCL vs. OCL

(e Putting It All Together:
Proto-OCL vs. Software

7736
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Object Diagrams Cont’d
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Special Case: Dangling Reference
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Definition.
Let o € ©Z be a system state and u € dom(o) an alive object of class C'in o.

We say r € atr(C) is a dangling reference in  if and only if
r: Cp,1orr: C. and urefers to a non-alive object via ? i.e.

(o(u)(r) ¢ dom(o).
I

Example:

o o={lg—={p—~0n— {6c}},1p — {p— {bc},z+— 23}}

o Object diagram representation:

lc : C n 5¢:C p 1p: D
D=0 X 7= 23
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Special Case: Anonymous Objects
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If the object diagram

c:C| n | ° i ‘D
— p= —
p=10 =0 x =23

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

(Lo {p s Bon s {e}} ) s On @},@H (p s {c}, z — 23))

where ce€ 2(C), de 2(D), c# lc.
?
Intuition: different boxes represent different objects.

1136
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Content
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e Object Diagrams Cont'd

—(e dangling references

[D—>(o partial vs. complete

(e object diagrams at work

e Proto-OCL

—® syntax, semantics

—e Proto-OCL vs. OCL

(e Putting It All Together:
Proto-OCL vs. Software
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Object Diagrams at Work

13/36



Edeple.' Data Strl/tCtl/tl”e (Schumann et al., 2008)
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BaseNode

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

node

Iterator

Node
data: T
Node(data: 7T)

operator++() : Iterator
operator——() : lterator
operatorx() : BaseNodey 1

begin_it end_it

Forest

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

depth(it: Iterator): int

end() : Iterator

begin() : Iterator

empty() : bool

size(): int
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E)Cdmple.' Illthfl’CltiV@ 0bj€Cf Didgl’dm (Schumann et al., 2008)
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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
= Traceviewer: hierarchy_exa stictwfv =~ H=lx=
Fle ‘Jiew Edit Help
Hsearch: I filter: I * positive  negative reset
BaseNode T T T -
parent : BaseNode. Iterator a 1 2 —_
prevSibling : BaseNode.. node
nextSibling : BaseNode.. |« operator++(): Iterator = A |
firstChild : BaseNode.. operator——() : Iterator T L i vid
lastChild : BaseNode., operatorx() : BaseNode, 1 :
begin_it end_it ° o
Forest = |
Node C =3 vl
data: T appendTopLevel( data: 7")
Node( data: T) appendChild( parent : Iterator, data: T') Bl Ex W
remove( it : Iterator)
depth(it: Iterator) : int I
end() : Iterator --E \Summary of rows E contains
begin() : Iterator
empty() : bool T
size(): int F (false true
K1 =
)
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Object Diagrams for Structural Analysis
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|-
M

C;('{Wue_:

Wt

NS

ctime = 27 data = d;
f v

M :N :N :N |
ctime =5 data = dy data = d; data=d,

M :N
ctime =9 data = d5

A

YT S va
J y dbﬂa D

|
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Object Diagrams for Structural Analysis
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A
M :N
ctime = 27 data = d;
M :N :N N :N |
ctime =5 data = dy data = d; data=d,
M :N
ctime =9 data = d5
v
P01 } ’ 0.1
M d N
ctime : Int data : Data
0.1
¥ | O.1
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Content
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e Object Diagrams Cont'd

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

(e object diagrams at work

e Proto-OCL

—® syntax, semantics

—e Proto-OCL vs. OCL

(e Putting It All Together:
Proto-OCL vs. Software
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Towards Object Constraint Logic (OCL)
— “Proto-OCL” —
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Motivation

cl -

-11-2019-06-24 - So

D A

pEEn

e How do | precisely, formally tell my developers that

%{ All D-instances having a link to the same C object [ (d ))
must have links to the same A. (e otg

C

e Thatis, the following system state is forbidden in the software: « [ >

a C \/ C a

C
Note: formally, it is a proper system state. K\Y:I_)] —

o Use (Proto-)OCL: “Dear developers, please only use system states which satisfy:”

“‘ Vdi € alllnstancesp eV da € alllnstancesp @ c¢(d1) = c(d2) = a(d1) = a(d2)
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Constraints on System States: Proto-OCL Syntax

C
e Example: for all C-instances, = should never have the value 27. v Int
V¢ € alllnstancesc ® x(c) # 27
— 1
__
Definition. Proto-OCL Formulae wrt. signature (7, ¢, V, atr, F, mth)
(cis a logical variable, C' € ¥):
F:= ¢ re;
alllnstancesc : 2'C
- _J
v(F) I TC — TL, ifv:7¢€atr(C), 1€
v(F) : TC — TD, ifv: Do € atr(C)
v(F) 70 —+ 272, ifv: D, € atr(C)
f(Fr, . Fr) T X X Ty = T, iff:mx - X7 —>71
V&Eﬁ'f—’g— 7o X2 x B, - B,

-11-2019-06-24 - Socl -

e The formula above in prefix normal form:

V¢ € alllnstancesc ® #( x(c), 27 )
I

2036
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Semantics e, L # feke
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e Proto-OCL Types:
o Ifrel =2(C) u{Ll} JI[ri] = 2(r) u{Ll} ZI[27¢]=2(C.)U{Ll}
o Z[B.] = {true,false} U { L}, Z[Z.] =7 U {1}

e Functions:
e We assume f7 given for each function symbol f (— in a minute).
. ) ) ] 5—35 S ‘/gééea/ o OF
o Proto-OCL Semantics (interpretation function): V/ / (ﬁfb‘m/ v les

Z[-1(-, -) : Proto-OCL-Formulae x E?p x B — {true,false, 1}

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

o Z[alllnstancesc](o,8) = dom(o) N 2(C),

o I[v(F)](o, B) = {(‘i(z[[ﬂw))(“) '(‘:tﬂﬁg B) € dom(9) oty s 1)

u L FZ[F](o,B) € dom(s)and o(Z[F[(o, 8))(v) = {u'}

* Ilv(E)l(o, ) = {I , otherwise v : Coa)

o I[f(F1, ..., Fn)l(o, B) = fz(Z[F1](0, B), ..., Z[Fnl(o, B)),

true | if Z[F2] (o, Blc := u]) = trueforallu € Z[F1] (o, B)
o I[Vc € F1 @ Fx](o,B) =« false ,if Z[F2] (o, B[c := u]) = false for some u € Z[F1] (o, B)
L , otherwise
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Semantics Cont’d
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e Proto-OCL is a three-valued logic: a formula evaluates to true, false, or L.

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

T true true true false false false 1 1 1
To true false 1 true false 1 true false 1
ANz (x1,x2) true false 1 false false false 1 false 1

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

with canonical 3-valued interpretation.

e Example: +7(-, ) : (ZU{L}H) x (ZU{L}) - ZU{L}

+z(x1,22) = {

1 + T2

1

We assume common arithmetic operations —, /, *, . . .

and relation symbols >, <, <, ...

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

isUndefined, (x) = {

isUndefined ; is definite: it never yields L.

with monotone 3-valued interpretation.

true ifx = 1,
, otherwise

false

,ifml # J_andxg # 1
, otherwise

272/36



Example: Evaluate Formula for System State
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)
(lcdC C
o : x: Int
r =13

V¢ € alllnstancesc ® x(c) # 27

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

e Example:

Z[Vc € alllnstancesc o #(x(c),27)](o, D) = true, because...

L[#(x(c), 27))(0,8), B:=0[c:=1g] ={c—1c}
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Example: Evaluate Formula for System State
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1o :C C

- Int
r = 13 e

V¢ € alllnstancesc ® x(c) # 27

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

e Example:

[V c € alllnstancesc o #(x(c), 27)] (o, D) = true, because...
L[#(z(c),27)](o,B), B :=0[c:=1c]={c— 1c}

= #z(Z[x(c)](o, 8), Z[27](0,B) )

=#z(0(Z]c](o, ) )(x), 271 )

=#z(o(B(c))(2), 27)

AAN—

-
= (ol
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Example: Evaluate Formula for System State
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x: Int

LV\C € alllnstancesc ® x(c) # 27J

e Recall prefix notation: V ¢ € alllnstancesc o #(x(c), 27)

Note: # is a binary function symbol, 27 is a 0-ary function symbol.

e Example:

[V c € alllnstancesc o #(x(c), 27)] (o, D) = true, because...
L[#(z(c),27)](o,B), B :=0[c:=1c]={c— 1c}

= #z(Z[x(c)](o, 8), Z[27](0,B) )

=#z(0(Z]c](o, ) )(x), 271 )

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

=#z(0o(1lc ) (), 277)

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

C n

(02

xr —

13

rSao s ixn B, e iSE

x: Int

V¢ € alllnstancesc ® x(n(c)) # 27

e Similar to the previous slide, we need the value of

o Z[c](0,B8) = [Alc) = 1c

Z[z(n(c))](o,8), 8 ={c— 1c}

o Z[n(e)](o, B) = Lsince o( Z[d](o, B) )(n) = 0 # {u'} by rule

Ly

Lv(F)](o, B) = {

otherwise

W' fZ[F](o, B) € dom(o)and o (Z[F](o, 8))(v) = {u’}

(IfU 5 CO,l)

o I[z(n(c)](o, B) =.L since Z[n(c)](o, B) = L by rule

Zv(F)l(o, 8) = {

o (Z[F1(e,B)) (v)
il

JfZ[F](o,B8) € dom(o)
, otherwise

(if not v : CO,l)

24/36


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


More Interesting Example
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1o

C n

xr —

13 !

x: Int

V¢ € alllnstancesc ® x(n(c)) # 27

e Similar to the previous slide, we need the value of

Z[z(n(c))](o,8), 8 ={c— 1c}

* ZI[c](o, 8) = B(c) = 1¢

o Z[n(e)](o, B) = L since o( Z[] (o, B) )(n) = 0 # {u’} by rule

Ly

Lv(F)](o, B) = {

otherwise

W' fZ[F](o, B) € dom(o)and o (Z[F](o, 8))(v) = {u’}

(IfU 5 CO,l)

o I[z(n(c)](o, B) = L since Z[n(c)](o, B) = L by rule

Zv(F)l(o, 8) = {

o (Z[F1(e,B)) (v)
il

JfZ[F](o,B8) € dom(o)
, otherwise

(if not v : CO,l)
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Object Constraint Language (OCL)
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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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Meeting

TeamMember

2.% meetings
name : String — ns
age : Integer participants *

Sﬂc‘P :

@ inv:

\/quﬁ c CCZ/ wa/-amc

Or;ontext Meeting

® context Location

title : String
numParticipants : Integer
start : Date

duration: Time

Location

move(newStart : Date)

° inYiiself.participants—>size()
sedf~, numParticipants

name="Lobby" implies

meeting->isEmpty ()

name : String

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

ke © size ( pebeipats (4))

< e Befiipnts (sef )
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Literature
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TuE oBIECT
LANGUAGE

PRECISE MODELING WITH UML

JOS WARMER

ANNEKE KLEPPE

- R TR e

ioocr |
H sacosson |
| LU |

Object Constraint Language
OMG Available Specification
Version 2.0

formal/06-05-01

Date: May 2006
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Where To Put OCL Constraints?
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e Notes: A UML note is a diagram element of the form

- = = /|

| text |

S

text can principally be , in particular comments and constraints.

Sometimes, content is explicitly classified for clarity:

OCL:
F

e Conventions:

stands for

28/36
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Content
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e Object Diagrams Cont'd

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

(e object diagrams at work

e Proto-OCL

—® syntax, semantics

(e Proto-OCL vs. OCL/
(e Putting It All Together:
Proto-OCL vs. Software
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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 o, 2L 0, 22 g, - - - where

e 0; € X, € INy, is called state (or configuration), and

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

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

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

E:: E:?ﬂ y: x:]ntc

e A corresponding computation path of a software S could be

27¢:C T 27¢:C T 27¢:C T 27¢: T
27¢:C | Ty | 27c:C | Ty | 27c:C | Ty | 27¢ 18
=0 z=1 x =3 =4

e If arequirement 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 . be an object system signature and & a structure.

Let S be a software with

o states ¥ C £, and
e computation paths [S].

Let " be a Proto-OCL constraint over ..
We say [[S] satisfies F', denoted by [S] = F, if and only if for all

and all 7 € INg,
= Z[F](ci,0) = true.

==—]=

We say [S] does-not-satisfy, I, denoted by [S] [~ F', if and only if there exists
oy — 0, 2+ 0, - € [S]and i € Ny, such that Z[F] (o, 0) = false.

Note: =([S] £ F') does notimply [S] = F.
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Topic Area Architecture & Design: Content
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VL10 e Introduction and Vocabulary
e Software Modelling

L(o model; views / viewpoints; 4+1 view

e Modelling structure
VL1 (¢ (simplified) Class & Object diagrams

: (e (simplified) Object Constraint Logic (OCL)
E VL12 « Principles of Design

(e modularity, separation of concerns
(e information hiding and data encapsulation

(e abstract data types, object orientation

e Design Patterns

VL13 o Modelling behaviour

—e Communicating Finite Automata (CFA)
—e Uppaal query language

—e CFA vs. Software

VL14 (e Unified Modelling Language (UML)

(® basic state-machines

(® an outlook on hierarchical state-machines

e Model-driven/-based Software Engineering
3336
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Tell Them What You’ve Told Them. . .
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Class Diagrams canbe used to graphically

alise ode,

o define an object system structuré

er with a structure 2)

([
>
-]
o
S
(0]
0
~
wn
<
(2]
=
M
3
wn
~
=
c
0
~

o A software over 7, satisfies F if and only if F
evaluates to true in all system states of all the software’s computation paths.
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References
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