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o Basic Object System Signature

—(e (basic) types, classes,
—(e typed attributes,

—(e attribute mapping.

e Basic Object System Structure

(e objects / object identities,

(e domains of basic and derived types.

e System State

(e concrete and symbolic,

(e dangling references,

e A Complete Example
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Semantical Foundation
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Basic Object System Signature
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Definition. A (Basic) Object System Signature is a quadruple
S = (%%,V,atr) Cﬂ/ C?,
where

o T is aset of (basic) types,
e % is afinite set of classes,

o Vis afinite set of typed attributes, i.e., each v € V has a type

o TE J,0r
o CprorC,,whereC € ¥
NAS" —L~

(writtenv : 7orv : Co 1 0orv: C,),

° alr: € — 2}/\ maps each class to its set of attributes.

//\ /\\ \ Po DUQFS@{ OOC V
CKWS ‘\-JJ‘?\\ ?vx V\cl ;() ng
N

Note: Inspired by OCL 2.0 standard OMG (2006), Annex A.
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Basic Object System Signature Example
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S = (F,%6,V, atr) where

e typed attributes V, 7 from

o (basic) types .7 and classes ¢ (both finite),

o atr : ¢ — 2V mapping classes to attributes.

T ,0r Cp,1 or Cy, forsome C € ¥,

et of
Example: J ;‘;M e

Sy = ({Int},{C, D}, {z : Int
5 7

5@[ O(p

O Clusse (7

I\gr}(omleg’ V OJI/*

J

|
p:Coryn: OV {C = {pn}, D s {2}})

atr (O = Ep, ny
atr (D) - Exg
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Basic Object System Signature Another Example
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Example:

S = (F,%6,V, atr) where

o (basic) types .7 and classes ¢ (both finite),
o typed attributes V, 7 from .7, or Cp 1 or C, for some C € ¥,
o atr : ¢ — 2V mapping classes to attributes.

Sy —_(z?g Mﬂyfe/sf §c,D§/ ; M%P *3#,%—59,3/
g pl B £xp33)

©
O
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Basic Object System Structure
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Definition. A Basic Object System Structure of .¥ = (7, %, V, atr)
is a domain function & which assigns to each type a domain, i.e.

T € 7 ismapped to Z(7),

C € ¥ is mapped to an infinite set Z(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— 2(C)n2(D)=1.
C. and Cy ; for C' € € are mapped to 27(“).
We use (%) to denote | J ., Z(C); analogously 2 ().

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
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Wanted: a structure for signature

o = ({Int},{C,D},{z : Int,p: Co1,n: C},{C — {p,n},D > {z}})

2 needs to map:

o T € 7 tosome Y(T),
o C € % tosome set of identities Z(C') (infinite, disjoint for different classes),
o C,and Cg 1 for C € €: always mapped to Z(C) = 2(Cq.1) = 22(9).

S 4 | DO = 824017
= N"xick ¢ /}G, 2¢,5¢, 9 .- g D (I 5, 2% 0ag ¢

)
(©)
2D) = N Dy %7y 25 2p,.n [ DL bbb bbb
D CC) (
) =2
)

2@@3
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System State
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Definition. Let Z be a structure of . = (7, €, V, atr).

A system state of # wrt. & is a type-consistenf.mapping
'\/V W(;Z’L of all class | Ao trec
o:9()» (V» (2(T7)U2(6,))).
N Nn~—— — N
oltial fre. waion oF all Olowoins (7
That is, foreachu € 2(C), C € €, ifu € dom(o) ol all sube b of objact identiles

o dom(o(u)) = atr(C)

o (G(u)w) € D(r)ifv:T,TET | pe-consistont
o o(u)(v) € 2(Dy)ifv:Dgiorv: D,.withD € € /

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

We use % to denote the set of all system states of . wrt. 2.
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System State Example
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Fo = ({Int},{C,D},{x: Int,p: Co,1,n: Ci},{C = {p,n}, D {x}})
9(Int) =7, 2(C) ={lc,2¢,3c,..}, 2(D)={1p,2p,3p,..}

Wanted: 0 : 2(%) » (V = (2(7) U 2(%%))) such that (i) dom(o(u)) = atr(C), and
(i) o(u)(v) € Z2(r)ifv: 7T, 7€ 7, (iii) o (u)(v) € 2(Cx)ifv: Dy withD € 7.

o, = (“Gn/vﬁl/ fvmciby\l'B

alive T 05 ¢ nene
’ SDPD zx 1">53§

= /] Hﬂ 6F’7Z H?/]cg
% szi'—‘iﬂc,ga%g/ i fxﬁg 3

0, 12 ADM IX > 27}5/ ZDHEXW27Z/ /'?'ZD ‘““>§><*_96§§
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System State Example
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Fo = ({Int},{C,D},{x: Int,p: Co,1,n: Ci},{C = {p,n}, D {x}})
@(Int) =7, @(C) = {10,20,30, }, @(D) = {1D,2D,3D, }

Wanted: o : 2(€) - (V - (2(7) U 2(%.))) such that () dom(o(u)) = atr(C), and

S~—

(i) o(u)(v) € Z2(r)ifv: 7T, 7€ 7, (iii) o (u)(v) € 2(Cx)ifv: Dy withD € 7.

Two options:

e Concrete, explicit identities:

oc={lc—={p—0,n— {bc}},5c—={p—0,n— 0},1p — {x — 23}}.
Ne 2 ¢
e Alternative: symbolic system state.
oc={ca—~{p—0,n—{ca}},co=>{p—0,n— 0},d— {x+— 23}}
assuming c1,c2 € 2(C),d € (D), c1 75/02.
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System State: Spot the 10 (?) Mistakes
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Fo = ({Int},{C,D},{x: Int,p: Co,1,n: Ci},{C = {p,n}, D {x}})
@(Int) =7, @(C) = {10,20,30, }, @(D) = {1D,2D,3D, }

Wanted: 0 : 2(%) - (V - (2(T) U 2(%%))) such that (i) dom (o (u)) = atr(C), and
(i) o(u)(v) € Z2(r)ifv: 7T, 7€ 7, (iii) o (u)(v) € 2(Cx)ifv: Dy withD € 7.

e o={lg—{p—=0,n—{5c}}, Sc—{p—0,n—1¢c}, 1p+— {z— 2.3}}.

EDcey N ¢ D ()

o o={lc—={p—=0,n— {6c}}, 5o {p—1lc,n— 0}, 1p+— {z— 23}}.

e o={lg—={p—=0,n—{lp}t}, Sc—=>{p—0,n—0}, 1pwr {z+— 22}}.

. ?é D Cit)

e o={lc—={p—=0,n—{5c}}, S5c—={n—0}, 1p—={z—1,p—{lc}t}}.
(N pddom 605 7
co={lg—={p—0,n—{5¢}}, S5cr—{p—0,n— {9¢c}}}

() 59, 8e PUCY
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Dangling References
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Definition. Let ¢ € ©Z, be a system state.

We say attribute v € Vp 1 «,i.e.v : Cp 1 0rv : Cy, in object u € dom(o) has a dangling
reference if and only if the attribute’s value comprises an object which is not alive in o, i.e. if

o(u)(v) ¢ dom(o).

We call o closed if and only if no attribute has a dangling reference in any object alive in o

Example:

e g —= {10 —> {pH@,n'_) {50}}}

14/20


hoenicke
Stift


A Complete Example: Vending Machine Structure

= (7, Beolf,
SUM CPEDS,
ZQF : C@/ ool DDO,/: / NIk IW‘L/ toen: Rool i

Z\/Mfe ZCTJ/OL(AZ
cP D Ewen ¥ >

AEE =
)

OLDENBURG

DD >7 wn j

@(6000 2 3 dene, Msa} D lnt) = 2

DM T A 20,
DD -

OQ?/)VM mi&o{lﬁﬂmi( cp 142%p. gc@i}
/{DD = ?W&m — /ZOS , chp‘ﬁww ' 1L\,,LQ3 / SCF :éowe/’? /’>(§~\&(Sar§%
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You Are Here.
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Tell Them What You’ve Told Them. . .
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e We can directly use object system signatures
to model the structure of systems.

— We don't diagrams, they will be more pleasent to read.
e We introduce
e basic types and classes,

e basic type and derived type attributes, and
e assign to each class a set of attributes.

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

e An object system signature .# and an object system
structure 2 uniquely define the set % of system states.

e Outlook:

e Object system signatures will be used
to capture the abstract syntax of class diagrams.

e OCL expressions will be evaluated on system states.

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

18,20
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