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Contents & Goals
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Last Lecture:

e Introduction: Motivation, Content, Formalia

This Lecture:

e Educational Objectives: Capabilities for following tasks/questions.

e What is a signature, an object, a system state, etc.?
e What is the purpose of signature, object, etc. in the course?

e How do Basic Object System Signatures relate to UML class diagrams?

e Content:

e Basic Object System Signatures
e Structures

e System States
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Semantical Foundation

4/34



Basic Object System Signature
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Definition. A (Basic) Object System Signature is a quadruple
S = (T,6,V, atr)

where ¢ Ca

& ¢,
o 7 is a set of (basic) types,

e % is a finite set of classes,

e V is a finite set of typed attributes, i.e., each v € V' has a type

o TC T, or
o Cpqor Oy, where C €€

(written v : 7 or v : Cy 1 or v : Cy),

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

i s v

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

(wu have chosein a/é.
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Basic Object System Signature Example
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S =(7,%,V, atr) where

o (basic) types 7 and classes € (both finite),
o typed attributes V', 7 from 7, or Cy 1 or C., for some C' € €,

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

sed of

Example:"kl;ﬁubga cyses T ‘”"‘7“‘ 4 264{5«/@ wmApping ot

yo — <{Int}7 {CaD}a {CU . Intap : CO,lan . C*}7 {C — {p7 n}aD = {CE}})
athbnte w —— f

ﬁb?:‘@t) s (dasired) ’C: «’fz_; o Vieps 7 *
It hype Cx .
by R
a)h(d)= gP)lnf
i (D) =3«
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Basic Object System Signature Another Example
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S =(7,%,V, atr) where

o (basic) types 7 and classes € (both finite),
o typed attributes V', 7 from 7, or Cy.1 or C., for some C' € %,

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

wo, ht & T ,/' j;

Example: /
S(1%, i, (¢, O3 (R <8 p Ly 0,
,1cpipd, Nt ol et

OO DH{’(:PS) z{m,x .,z:{)

[ 12 o —~ kokes  Likce
‘ C * D a ass
_ 3(" $ Ja'admu.

[
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Basic Object System Structure
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Definition. A Basic Object System Structure of ./ = (7,6, V, atr)
is a domain function & which assigns to each type a domain, i.e.

o 7€ 7 is mapped to 2(7),

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

Note: Object identities only have the “=" operation.

o Sets of object identities for different classes are disjoint, i.e.
VC,De€:C#D—20C)Nn2(D)=010.
o C, and Cy; for C € € are mapped to 27(¢).

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

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

S0 = {Int},{C,D},{x: Int,p: Co1,n:C},{C — {p,n},D — {x}})

2 needs to map:
o T €7 tosome (1),

o C € ¥ to some set of identities Z(C') (infinite, disjoint for different classes),
o C, and Cy; for C € €: always mapped to 2(C.) = 2(Co1) = 229,

PD(Int) = 24 /{D(m) §-2-10,1
.@(C — N+ X {d‘ = {{CIZC;3C[ "'g D,,[C} ={":""; ane, ...f
2

)
)
D) = W x i ={n 20,37 | 0 -fo b b.f
) o0l . » Prc)
)
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System State st § « e’ func Ao wopgpin g
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objec f idothes bl oo V) to S venles
o & (for DCT) awel D ()

Definition. Let 2 be 3 structure of ¥ = (|6, V, atr).
A system state of ¥ wft. & is a type-cansistept mapping

porie! e chorn
~— J — — —
o:9(%) —i—(}V > g_@(f) U @(‘5*)))
set cif L LY of all

dtlvvbutes
That is, for each u € 2(C), C /¢, if u € dom(o) vdlyes i D

—
o dom(co(u)) = atr(C)
o (O'(U»(’U) cY(r)ifv:T,TeT

o (U(U»(U) € 9(D,)ifv:Dg;orv: D, with De¥

V> DT D)
We call u € 2(%€) alive in o if and only if u € dom(o).

We use Efﬂ to denote the set of all system states of . wrt. .

10/34


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


System State Example
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S0 = {Int},{C,D},{x: Int,p: Co1,n: Ci},{C — {p,n},D — {x}})
Y(Int) =7, 20C)={1¢,2¢,3¢c,...}, P(D)={1p,2p,3p,..-}

Wanted: o : 2(€¢) » (V - (2(7) U Z(%%))) such that (i) dom(o(u)) = atr(C), and
(i) o(u)(v) € Z(7) ifv:7,T € T, (iii) o(u)(v) € 2(Cy) if v: Dy with D € € .

o= (‘e fuimc ")
abw n 0'«,‘ nowve

1> {pr 8 , Spdprits, | Zmixk 33
{] ¢ {? €4c, SCSS VIHQ'} 5
L__ | |

("\V"- v C2° 4& S_C:Z_b

nof ah\ Nbowy glsc v-(/%)(x}:o

°3 = fl Y {va‘)' P fe-¥, T pfenos )2
—_—

—~——)

& ()= fxry 03
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System State Example

— 2 —2015-10-22 — Ssemdom —

S0 = {Int},{C,D},{x: Int,p: Co1,n: Ci},{C — {p,n},D — {x}})
Y(Int) =7, 20C)={1¢,2¢,3¢c,...}, P(D)={1p,2p,3p,..-}

Wanted: o : 2(€¢) » (V - (2(7) U Z(%%))) such that (i) dom(o(u)) = atr(C), and
(i) o(u)(v) € Z(7) ifv:7,T € T, (iii) o(u)(v) € 2(Cy) if v: Dy with D € € .

Two options:

e Concrete, explicit identities:
g={lc = {p—0,n—{5c}},5¢ = {p— 0,n— 0}, 1p — {z — 23}}.

)
|\
o Alternatiye: symbolic system state.

o,= {1 (p s B,n s {ea}}, ca s {p o 0,1 0}, d s {a s 23})

assuming ci1,c2 € 2(C), d € (D), c1 # c2.
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System State: Spot the 10 (?) Mistakes
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S0 = {Int},{C,D},{x: Int,p: Co1,n: Ci},{C — {p,n},D — {x}})
Y(Int) =7, 20C)={1¢,2¢,3¢c,...}, P(D)={1p,2p,3p,..-}

Wanted: o : 2(€¢) » (V - (2(7) U Z(%%))) such that (i) dom(o(u)) = atr(C), and
(i) o(u)(v) € Z(7) ifv:7,T € T, (iii) o(u)(v) € 2(Cy) if v: Dy with D € € .

eupls sk {3 i) _2ec)

Ve 1 &2 G?),
e o={lc= {pr 0 {5c}}, 5o {prbine 1o}, 1DH{W&%}}/1723¢

60! D)
e o={lc—=>{p—=0,n—={5c}t}, bSc—={p—1lg,n— 0}, 1pw— {z+ 23}}.
\q/(ii-') &22 Cijv
e o={lec—~{p—0,n—{1p}}, Sc—={p—=0n—0}, 1p— {z— 22}}.
o) peat(! o (), P (D)
e o={lc—{p—0,n—{5¢}}, Hc—{n—0}, 1p—{z— 1,p— {lc}}}.

o o={lec—={p—=0,n—{5c}}, Bcr—{p—0,n— {9¢}}}
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Dangling References
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Definition. Let ¢ € ¥% be a system state.

: r : :
We say attribute v € Vo1 ., i.e. v : Co1 or v : Cs, 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 L— ACre oyec it
(a(uj(v) ¢ dom(o).
We call o closed if and only if no attribute has a dangling reference in any object
alive in o.
Example:

o 0 ={lc l—>{p'—>@,n'_>{50}}}

(e (1)) = 523 & {15 = clom )
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A Complete Example: Vending Machine
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SR
OLDENBURG

S (£l at 3,
i, P, DD,
fep: (P, dd: DD, , Wen: Bool, e Mat
fubt > §cp M5, (P> { mend, ID 1> wie, wesd |

e
»
.

D(Reol) = { e, false

D (wat) = N
D (V) = {1, 2w, o f s
D (PD) = Utoo, - (™D, ,) =2$(YD))- 2{ a3, Z3p,

® (C?) = 5‘7(?,--3

) carkext DD inv:
wen myofc/ Wi 20
o—=§:?v,,.|—»§,u+->§4w§, o+ § 30, 55,80
op B 1 win B 13, ma—}.m;
3§ W B e,
e k\{ u'u-ay.s-z;i
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