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Last Lecture:

e Introduction: Motivation, Content, Formalia

This Lecture:
o Educational Objectives: Capabilities for following tasks/questions.

e What is a signature, an object, a system state, etc.?
o 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

o System States

Semantical Foundation



Basic Object System Signature
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Note: Inspired by OCL 2.0 standard OMG (2006), Annex A.

Definition. A (Basic) Object System Signature is a quadruple

S = (T,6,V, at
(7%, V, atr) Could have choseo £,

(1 Cb

where
C; CD

e 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

e TE T, 0
e Cp1or Cy, where C € @
A~

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

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

Sumet v

R\
fevekon

Basic Object System Signature Example
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S = (,%€,V, atr) where

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

o atr : € — 2V mapping classes to attributes.
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Basic Object System Signature Another Example

S = (T,%€,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 : € — 2V mapping classes to attributes.
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Basic Object System Structure

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

e 7€ 7 is mapped to 2(7),

o C € % is mapped to an infinite set 2(C') of (object) identities.

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

e Sets of object identities for different classes are disjoint, i.e.
VC,De€:C+#D— 2(C)n2(D)=0.

e C, and Cy; for C € € are mapped to 27(©),

We use Z(%') to denote | Jicy 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

Wanted: a structure for signature

S = ({Int},{C,D},{z: Int,p: Co1,n:C.},{C— {p,n},D— {z}})

2 needs to map:

e 7€ .7 to some %(7),

o C € % to some set of identities Z(C') (infinite, disjoint for different classes),
e C. and Cy,, for C' € €: always mapped to Z2(C.) = 2(Co,1) = 229,

P(Int) = 2 D (mt)=5-2-10,28
Q(C = N+ X {df ;‘“6,24,35,"-3 D,,(C}:{q,«', e, ,..f
2(

)
)

D) = WNFxin} = {2, 3.} D, () =S4 i, b.f
) — 2_0&‘[ - D)
)

= Z:"“’) 'Z:D"(D)
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System State ¢ o « bkt el g

w D (o DCT) sl D ()

Definition. Let & be g structure of .%¥ = ({6, V, atr).

A system state of . wft. Z is a type-consistefit mapping
porkinl fernchiorn
A
0:9(6)» (V—»(2(9)UD(%))).
(%) __(/. (2(7)U 2(¢.)))

S5,

That is, for each uw € Z(C), C €, if u € dom(o)
o dom(o(u)) = atr(C)

o (a(u»(v) eEQ(r)ifv:T,T€T

o (o(u)v) € 2(D,) if v: Doy or v: Dy with D € €

V> NAT)e D)
We call u € Z(%) alive in o if and only if u € dom(o).

Il n/uﬂ
vdlyes i D

We use Z% to denote the set of all system states of . wrt. 2.
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System State Example
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yﬂ = ({Int}a {CaD}a {.’E : Intap : C'0,1,n : C*}’ {C = {pan}vD = {x}})
Q(Int) =7, @(C):{lca2c’30w“}v @(D) :{1D72D,3D7"'}

Wanted: 0 : 2(%) » (V » (2(7) U 2(%.))) such that (i) dom(o(u)) = atr(C), and
(ii) o(u)(v) € 2(7) ifv:1,7 € T, (iii) o(u)(v) € 2(Cy) if v: D, with D € € .
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nE et Sl ebe =)= 0

s S £xe2H 200 fealX, B rfendd

~———

B Ypecds w6y, 2, O
11/34

System State Example
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o= {Int},{C, D}, {z : Int,p: Co1,n: Ci},{C — {p,n}, D — {z}})
2(Int) =7, 2(C)={1¢,2¢,3c,..-}, 2(D)={1p,2p,3p,...}

Wanted: o : 2(%) » (V » (2(7) U 2(%+))) such that (i) dom(o(u)) = atr(C), and
(i) o(u)(v) € 2(7) ifv:7,7 € T, (i) o(u)(v) € 2(C4) if v: Dy with D € % .

Two options:

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

1)
X\
° Alternati\ile: symbolic system state.

o= {e1 s {p s Bn s {ead} e o {p s 0.n s 0}, d s {z s 23}
assuming ci,c2 € 2(C), d € 2(D), ¢1 # ca.
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System State: Spot the 10 (?) Mistakes

yﬂ = ({Int}a {CaD}a {.’E : Intap : C'0,1,n : C*}’ {C = {pan}vD = {x}})
Q(Int) =7, @(0)2{1032(7,307'“}7 @(D) :{1D72D,3D7"'}

Wanted: 0 : 2(%) » (V » (2(7) U 2(%.))) such that (i) dom(o(u)) = atr(C), and
(ii) o(u)(v) € 2(7) ifv:1,7 € T, (iii) o(u)(v) € 2(Cy) if v: D, with D € € .

Gi),

34
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ek (i) «
/.ewg:'{r, {} 1c &23 ) ]
co={le—={p—=0,n—{5ct}, Sc—{p—0n—l1c}, 1p— {xw&%}/ﬁa
G:) LU
eo={lc—={p—0n—{5c}}, Sc—{p—lg,n—0}, 1p— {z+— 23}}.
G &Z_z’ci:v
Leo={lc={p=0n—{1b}}, S5c={p—=0n—0} 1p— {z~ 22}}.
$ ) peak@! (). peachi (D)
doeo={le={p=0n—{sct}t, Sc—{n—0} Ilp—{z—1p—{lc}}}
D oeo={lem{p0ne (5c}), 5o {pe 0ne {9¢}})
q
Dangling References
Definition. Let o € X% be a system state.
We say attribute v € Vi1 e vt Co,1 or v : 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 — e ebjects
(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:
e o={loc—{p—0,n—{5c}}t}
: (r (1) = 1523 & {15 = o (o)
€
q
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A Complete Example: Vending Machine
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