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Basic Object System Signature
on. A (Basic) Object System Signature is a quadruple
7= (ZEVatn) Ceuld have chosew abé.
where (2R
a ¢
* 7 is a set of (basic) types,
© € is a finite set of classes,
o V is a finite set of typed attributes, i.e., each v € V' has a type
eTEJ, 0r
e Cyq or C,, where C € €
(written v : 7 or v : Coy or v: Cy),
\, o atr: a%\lv 2" maps each class to its set of attributes.
§ o Vx& £V
g fomckion
T Note: Inspired by OCL 2.0 standard OMG (2006), Annex A.
! 573

Contents & Goals

Last Lecture:

@ Introduction: Motivation, Content, Formalia

This Lecture:

« Educational Objectives: Capabilities for following tasks/questions.
« What is a signature, an object, a system state, etc.?
« What is the purpose of signature, object, etc. in the course?
+ How do Basic Object System Signatures relate to UML class diagrams?

o Content:
« Basic Object System Signatures
e Structures

o System States

Basic Object System Signature Example

7 = (7,,V, atr) where

o (basic) types 7 and classes € (both finite),
« typed attributes V/,  from 7, or Co1 or Cl, for some C € €,

o atr: ¢ — 2" mapping classes to attributes.
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Zo = ({Int} AC, D} : Int.p: Copn: O} AC > {pin}, Doy {ar}})
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Basic Object System Signature Another Example

% = (7,%,V, atr) where

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

o atr: % — 2" mapping classes to attributes.
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System State ey porle! fume K g
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D (for DCT) ol D ()

Definition. Let 9 be d structure of . = (Z,[6, V., atr).
A system state of .’ wft. Z is a type-consisteht mapping

poetnl fomchinr
e A
a: 9(E) Mc\ - (2(T)U 2(%.))).
ik i f ol
vilyes i D

That is, for each u € Z(C), C &/, if u € dom(a)

o dom(o(u)) = atr(Q)
o(o(u)v) € 2(r) ifv:mre T
o (o(u)v) € 2(D.) if v: Doy or v: D, with D € €

V> 3D
We call u € Z(€) alive in o if and only if u € dom(:

22 - Ssemdom

We use $% to denote the set of all system states of .% wrt.Z.
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Basic Object System Structure

Definition. A Basic Object System Structure of . = (7,6, V, atr)
is a domain function 2 which assigns to each type a domai 3

o 7€ 7 is mapped to Z(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 disjoin
VC,DEC:C#D— 2(C)NAD)=0.

« C, and Cy; for C' € % are mapped to 27(C).

We use 2() to denote g 2(C); analogously ().

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

System State Example

Fo = ({Int},{C, D}, {w: Int,p: Coy,n: C.},{C v {p,n}, D {a}})
D(Int) =Z, D(C) = {1¢.20,30,-},  2(D) = {1p,2,3p, ..}

Wanted: 0 : 2(€) » (V = (2(7) U 2(%.))) such that (i) dom(a(u)) = atr(C), and
(i) o(w)(v) € 2(r) ifviTr € Z, (i) o(w)(v) € 2(C.) if v: Do with DEE .
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Basic Object System Structure Example

Wanted: a structure for signature

o= ({Int},{C, D} {w : Int,p: Coq,n: C.}A{C = {p,n}, D — {x}})

2 needs to map

* 7€ .7 tosome (),
* (' € ¢ to some set of identities Z(C) (infinite, disjoint for different classes),
o C, and Co,; for C € €: always mapped to Z(C.) = Z(Co,1) = 27().

Hnt) = 2 D (wt)=f-21017]
2(0) = NFx L 2{te2c,3,.0 D.(cl=fa,mm o= f
(D) = W' xR = {230 D () <Fok dhof

HCon)=2(C.) = 2.7 Tt
(Do) =2(D.) = 2°7) %)
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System State Example
o= ({Inth, {C, D}, {x : Int,p: Copyn: C.1AC = {p,n}. D = {}})
D(Int) =Z, P(C)={1¢,2¢,3¢, .}, P(D)={1p,2p,3p, ..}
Wanted: o : 2(%) = (V = (2(7) U %(%.))) such that (i) dom(c(u)) = atr(C), and
(ii) o(w)(v) € 2(r) ifv:r,r €7, (i) o(u)(v) € Z(C.) if v: D. with D €% .
Two options:
« Concrete, explicit identities:
g="{lc = {pr Dn s (50}}.50 o {p s B.n s 0, 1p v {z > 23}).
...9
« Alternative: symbolic system state.
wu {er > {pr= O, > {ea}} ez {p > 0,n0 0},d > {0 23}}
assuming c1,c2 € Z(C), d € D(D), &1 # 2
12/34




System State: Spot the 10 (?) Mistakes

Fo = ({Int},{C, DY}, {a s Int,p: Coym: C.},{C v {p,n}, D {a}})
D(Int) =Z, D(C) = {1c,2¢,30, -}, 2(D) = {1p,2p,3p, ..}

Wanted: 0 : 2(%) + (V -+ (2(7) U 2(%.))) such that (i) dom(a(u)) = atr(C), and
(i) o(w)(v) € 2(r) ifv:imr € T, (iii) o(u)(v) € Z(C.) if v: Do with D% .

i)
o =L 550a2? )
co={lo—{p=0n{5c}}, 5o {p—0nlc} 1pw {o 231, ww\*
[z DAt)
co={le{p=bn—{5c}}, Sc—{p—lgn—0} 1p— {z23}}
) &2°%,
Leo={lem oo bne {19} se S b Bne 0, 1o oo 22))
g Q) peat@! L0 re D)

co={lc—{p=0n{5c}}, Scw{n=0}, 1p= {zLpw {1c}}}

e a={lcr {p=bn{5c}}, 5c= {p—0n—{9}}}
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Dangling References

Definition. Let o0 € £% be a system state.
We say attribute v € Vo1, i-e. v: Co or v : Cs, 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, e objecs
(o(w)w) ¢ dom(o):
We call o closed if and only if no attribute has a dangling reference in any object
al ino
Example

e o={lc—={p—=0n—{5c}}}

(NG = £ & 165 = dow ()
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A Complete Example: Vending Machine
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