Software Design, Modelling and Analysis in UML

Lecture 2: Semantical Model
2016-10-20

Prof. Dr. Andreas Podelski, Dr. Berri =

vicke.

Jochen H

Albert-Ludwigs-Universitat Freiburg, Germany

Semantical Foundation

Course Map

4 S

S E S / § o
.:/u (5 Ars) = (@sp.m. Az s, Fsp)

Basic Object System Signature

ion. A (Basic) Object System Signature is a quadruple
S = (F,%,V, atr) €., G,

where

« .7 isaset of (basic) types,
« ¢ isafinite set of classes,
« Visafinite set of typed attributes, i.e., each v € V hasa type
e TEJ, O
* CoiorC. whereC € ¢
(written v : T orv : Co,1 orv : Cl),
o atr; % — 2V maps each class toits set of attributes.
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Note: Inspired by OCL 2.0 standard OMG (2006), Annex A.
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« Basic Object System Signature
o (basic) types, classes,

» typed attributes,

(o attribute mapping

« Basic Object System Structure
W. objects / object identities,
o domains of basic and derived types.

System State
« concrete and symbolic,
o dangling references,

« A Complete Example

Basic Object System Signature Example

# = (7., V, atr) where

« (basic) types 7 and classes ¢ (both finite),
« typedattributes V., 7 from 7, or Co,1 or C.. forsome C € %,
o atr : € — 2V mapping classes to attributes.

Mirilontes

he

< /
Example: b IS

o= (It} {C.D}. (o : srw Coain: O {C s :w_ n}, D {a}})
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Basic Object System Signature Another Example

7 = (7.€,V, atr) where

(basic) types .77 and classes % (both finite),

« typedattributes V, 7 from .7, or Co,1 or C., forsome C € %,
 atr : € — 2V mapping classes to attributes.

Example:

System State

Definition. Let 2 be a structure of . = (7,6, V, atr).

Asystem state of 7 wrt. 2 s atype-consisteny mapping
Nl of all closs idkaties
72 9(€) - (V 2 (2(T) U 2(£.))).
vbi T\ Uniom of all dowoins O(7>
Thatis, for eachu € 2(C), C € %, if u € dom(c) ~™ all subset of sbjact idkrbilies

* dom|

) = atr(C)

o lo(u)v) € 9(n)ifvimrE T

Hype-cors

« o(u)(v) € 2(D.)ifv: Dosorv: D.with D € %
We callu € 7(€) alivein o if and only if u € dom(c).

We use £ to denote the set of all system states of .7’ wrt.Z.

Basic Object System Structure

Definition. A Basic Object System Structure of . = (7, ¢, V, atr)
is adomain function & which assigns to each type a domain, i.e.
D¢

T) is « st

o 7€ .7 ismappedto %(7).

 C € ¢ is mapped to an infinite set (C') of (object) identities.
Note: Object identities only have the “=" operation.
» Sets of object identities for different classes are disjoint, i.e.
VC,De%:C#D—9(C)N 2

« C.and Co,, for C € % are mapped to 27(7).

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

System State Example

o = ({Int},{C, D}, {x : Int,p: Co,,
2(Int) =27, 2(C) = {1c,2c.3¢

103 {C = {p.n}, D = {a}})
) 2(D)={15.20,3p,..}

Wanted: 7 : 7(€)  (V + (2(7) U 2(%.))) such that () dom(a (u)) = atr(C),and
@ o(w)(v) € 2(r)fv:mTe T, (w)(v) € 2(C.) ffv: Dawith D € 6.
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Basic Object System Structure Example

Wanted: a structure for signature

So = ({Int},{C, D} {x: Int,p: Coa,n: C.},{C > {p,n}, D {a}})

7 needs to map:

« 7€ 7 tosome (7).

« C € ¢ to some set of identities 7(C) (infinite, disjoint for different classes),
« C.and Co,1 for C € %: always mapped to 7(C..) = #(Co,1) = 22(C),

Z(Int) =
2(0) =
2(D) =
2(Con) = 2(C.) =
I(Do1) = 2(D.) =

90
System State Example
o= ({Int} {C, D}, {x: Int,p: Cor.n: C},{C > {p.n}, D= {2}})
P(Int) =Z, 9(C) ={1c,20,3¢,..}, 2(D)={1p,2p,3p,..}
Wanted: 7'+ 9(¢) — (V = (2(7) U 2(¢.)) such that () dom(o(w) = atr(C),and
(W) € ZD)itvirre 7, lilo()(v) € 2(Cu)ifv: DawithD e €
Two options:
« Concrete, explicit identities:
o ={lcm {p 0n s (5eth5e o {p s 0n o 01, 1p = {z > 23}
o o
 Alternative: symbolic system state.
a={er o p 0nes (e2)}iea o> {p oo O,m s 0).d s { e 23))
assuming 1, cz € 7(C).d € F(D),c1 £ ca.
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System State: Spot the 10 (?) Mistakes

S0 = ({Int}, {C, DY, {w : Int,p: Coyn: C}AC > {p.n}, D > {x}})

2(Int) =2, 2(C) = {1c,2c,3c,..}.

2(D)={10.20.3p, ..}

)o(u)(v) € 2(r)ifv:m, 7€ T, ) o(u)(v) €

2(€) » (V = (2(7) U 2(%.))) such that (i) dom(a () = atr(C),and

2(C.)ifv: DawithD €.

.

o={le~{p—0n— {5c}}, 5c—{p—=0n—1c}, 1p— {z— 2.3}}.

o={lc={p—0n— {5c}}, mcl?ﬂ\V

DDy e DU

=0}, 1p = {z— 23}}.

o={le={p—=0n{1p}}, Sc— {p—0n=0}, 1pw— {ow22}}

moe&

o={lc—={p—=0n—{5c}}, 5¢c+~{n—0}, 1p

= {z = Lpe {le}}).

o gtdanblec)

o={lg={p—=0,n—{5c}}, 5c{p—0,nr~ {9c}}}
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You Are Here.
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Dangling References

Definition. Let o € ©Z, be a system state.
We say attribute v € Vo,1,4. i€ v : Co,1 0rv : C., in object u € dom(c) has a dangling
reference if and only if the attribute’s value comprises an object which is not alive in o,

(u)(v) ¢ dom().
We call & closed if and only if no attribute has a dangling reference in any object alive in o.

Example

e o={lo {po 0nes el
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A Complete Example: Vending Machine Structure
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Tell Them What You've Told Them. ..

« We can directly use object system signatures
to model the structure of systems.

— We don't need diagrams, they will be more pleasent to read.
» Weintroduce

« basic types and classes,

« basic type and derived type attributes, and

« assign to each class a set of attributes.

» Object system structures provide domains
for basic and derived types.

» An object system signature .# and an object system
structure 7 uniquely define the set ©% of system states.
« Outlook:
« Object system signatures will be used
to capture the abstract syntax of class diagrams.

= OCL expressions will be evaluated on system states.

« State machines will define sequences of system configurations
(consisting of a system state and an ether).
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