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Basic Object System Structure Example

Wanted: a structure for signature

o = ({Int. Bool}, {C. D}. Coaun: CYAC = {pn}, Do {pa}).
{f + Int — Bool, get_ : Int}, {C 0, D = {f, get_z}})

Astructure % maps.

« 7€ 7 tosome 7(r), C € € to some identities

* C.and Cy,1 for C € € 10 7(Co,1) = 7(C

P(nt) = Z 73,1253

2C) = N xill=§t,2%] fot o}

2(D) = N x {Dj={15,27,3 fo, 4, =00}
HCos) = 2(C.) = 2%

H(Doy) = 2(D.) = 2°®)
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System State Examples

= ({Int, Bool}, {C, D}, {x
{f+ Int = Bool, get_z : Int}, {C = 0,D = {f, get_z}})
P(nt) =7, (C) = {1¢,20,3¢,-h, 2(D) = {1p,2p,3p, -}

01 CHACH {pn), D> {p.a}),

Asystemstate s a partal function o () + (V  (#(7) U #(4.))) such that
o dom(o(w) = atr(C), = o(u)(v) € I

o ofu)

ffoirr€ 7,
D.orv: Do with D €%
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From Abstract to Concrete Syntax

7 = (Z,%,V, atr, F, mih)

7 ={ 1w, Zoul §

-{C.0}

— Do b, pech,, nidy S
.Q:HMQJME&\ “Www%ﬁl%
e F=f Lt = %t

o mth=§ ¢ o, -

Object Diagrams

Fo = ({Int, Bool}, {C, D}, {x : Int,p: Cot,n = Cu},{C = {p,n}, D+ {pya}},
{f : Int — Bool, get_x : Int}, {C' 0, D — {f,get_z}}),  Z(Int) = Z

o ={lc ?ls.e_.mn = {p 0,0 0}, 1p = {p— {5c}, o~ 23}

Concrete Syntax:
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Special Case: Anonymous Objects

If the object diagram

is considered as complete, then it denotes the set of all system states
{1e {p .n s {3} fp s 0n o E@l {pe {c},o o 23))
where ce 2(C), de (D), c#lc.
—_—

Intuition: different boxes represent different objects.
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Special Case: Dangling Reference

Definition.

Let o € 2 be a system state and u € dom(c) an alive object of class C'in 0.

We say 7 € atr(C) is a dangling reference in u if and only if
7+ Coorr: C. and urefers toanon-alive object via . ie.

(o SVS ¢ dom(c).
<~

Example:
co={lc={pr0n={5c}}t.1p = {p— {5c}x— 23}}

« Object diagram representation:

Object Diagrams at Work



Example: Data Structure (

BaseNode

Object Diagrams for Structural Analysis
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Example: Illustrative Object Diagram

Object Diagrams for Structural Analysis
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Towards Object Constraint Logic (OCL)

— “Proto-OCL” —




Motivation

« How do precisely, formally tell my developers that

; All D-instances having a link to the same C object

must have links to the same A. xm& )

 Thatis, the follo

\g system state is forbidden in the software: o @

Y e ) e 7
c
Note: formally, it is a proper system state. R
« Use (Proto-)OCL: “Dear developers, please only use system states which satisfy:"

ﬁ Vi € allinstancesp oV ds € alllnstancesp o c(di) = c(d2) = a(dr) = a(dz)

Semantics Cont’d

« Proto-OCL is a three-valued logic: a formula evaluates to true, false, or L.

o Example: Az(-,-) : {true, false, L} x {true, false, 1} — {true, false, L} is defined as follows:

We assume common logical connectives =, A, V. . . . with canonical 3-valued interpretation.
o Example: +2(-, ) : (Z U {1}) x (Z U {L1}) > ZU {1}

a1 +as iz # Landes # L
1 . otherwise

We assume common arithmetic operations —, /. +,
and relation symbols >, <, <. . .. with monotone 3-valued interpretation.

 And we assume the special unary function symbol s Undefined:

e ife= 1,

isUndefinedz(x) = ?E i

isUndefined is definite: it never yields 1.

Constraints on System States: Proto-OCL Syntax

« Example: for all C-instances, = should never have the value 27.

Ve € alllnstancesc: » z(c) # 27
[r—

Definition. Proto-OCL Formulae wrt. signature (7, %, V, atr, F, mth)
(cis alogical variable, C' € €):

Fu= ¢ i1
, 825
| w(F) tTo = TL, ifv:7€atr(C), 7€ T
| v(F) 170 = 1D, ifv: Doy € atr(C)
| v(F) 170 iNﬂh, ifv: D, € atr(C)

FFL . Fa) ipiXeXTaoT,  ffimXecXTaoT

VeEFoF, i7cx2¢xBy— By

« The formula above in prefix normal form: V¢ € alllnstancesc: ¢ #( a(c), 27 )

3
19736 i 2073
Example: Evaluate Formula for System State
[—
vin
Ve € alllnstancesc o z(c) # 27
).27)
Note: # is a binary function symbol. 27 is a 0-ary function symbol.
« Example:
IV e € alllnstancesc: o #(x(c). 27)] (o, 0) = true, because.

T[A((c), 27)](@ B). e 10}

223 - 2373

Semantics e, ol

« Proto-OCL Types:
* Ilre] = 2(C) U{L}, ) Ilri] = 2(r) U {1}, I[27¢] = 2(C.) U{L}
o I[B.] = {true,false} U {1}, Z[Z.]=2Z0{Ll}

« Functions:
« Weassume f given for each function symbol f ( in aminute)
- S i of
« Proto-OCL Semantics (interpretation function) <\ ~ yiond vrles

Z[-1(-, -) : Proto-OCL-Formulae x % x B — {true, false, 1}
o T[e[(0,8) = B(c) (assuming { is atype-consistent valuation of the logical variables).

« Z[alllnstancesc(, ) = dom(s) N 2(C).

(ifnotw : Co.1)

TI(F) (0, 8) = ﬁﬁ Z[F](o, m:V:; fZ[F] (o, 8) € dom(o)

e (:
1o . otherwise

T[], B) = ﬁm‘ L Z[F)(0, ) € dom() and o (Z[F] (o, 8) (v) = {w'}

1 .otherwise

(ifv: Co1)

* I[f(F1,- .o Fa)l(o, ) = f2(T[Fi](o, 8), - . . . Z[Fu] (e, B)).

e L fZ[Fa](o,
o IVe € Fy o y](0.) = false . ifZ[Fa](o,
1 . otherwise

c:= u]) = tueforallu € I[Fi](o, )
¢ := u]) = false for some u € Z[F1](c. 8)

2

Example: Evaluate Formula for System State

s @ #(z(c), 2
Note: s 27isa0-ary

« Example

I[¥c € alllnstancesc: o #(x(c

.27)](0,0) = true, because...

T[#(2(e).27)])(0,8).  B:1=0[c:=1c] = {er> 1c}
=#2(Z[x(0)](o, B), Z[27])(e, ) )
=#z(o(Z[](e, 8) )(2), 27z )
=#1(0(8())(@), 277)

pEaaid
= (ol

2373



Example: Evaluate Formula for System State

« Recall prefix notation:

Note: # is a binary function symbol, 27 is a O-ary function symbol.
 Example:

I[vee alllnst

esc e #(a(c

(,0) = true, because.

kal (@ B). Bi=0le:=10] = {er 1o} .
=#2(Z[=()](0, 8), Z[27)(o, 8) )
=#z(ao(I[c

=#2(o(B(e))(2), 271)

))(@), 271)

=#1(o(10)(@), 271)

=#1(13,27) =te  _and 1 isthe only C-objectin o: T[allInstancesc](0,0) = {1c:}

Object Constraint Language (OCL)

OCLis the same ~ just with less readable (?) syntax.

Literature: (OMG, 2006; Warmer and Kleppe, 1999).

More Interesting Example

e$ ien B, sEm&w
Ve € allinstancesc: o z(n(c)) # 27

+ Similar to the previous slide, we need the value of
Tla(n(e)](0, 8), 6 = {c - 1}
o Z[c(o, 8) = Ale) =l

o Z[n(c)] (0, B) = Lsince a( Z[c] (o, B) ) (n) = 0 # {u’} by rule

HI[F](o, 5) € dom(o) and o (Z[F] (o,
otherwise:

))(v) = {u'}

7 I[v(F))(e, 8) = AF v Con) 7

o I[a(n(e)](0, B) =L since Z[n(c)](e, ) = L by rule

7 (R, B) = ﬁﬁ_m_? 2 Um_mmh_ﬁé EEE) (@) 7
2373 s 2473
Examples (from lecture “Softwaretechnik 2008”)
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More Interesting Example

[Iec »
=13

Ve € allnstances:

n(c) # 27
« Similar to the previous slide, we need the value of
I[a(m(e)](e,8),8 = {e— 1c}
* Z[d(o, ) = 5e) = 1o

o Z[n(c))(o. 8) = Lsince o( Z[c](o, ) )(n) = B # {u'} by rule

W FZ[F](o,8) € dom(o) and o (Z[F] (o 8))(v) = {u'}
L. otherwise

7 N__.\E__?En% (ifv: Co.x) 7

o I[x(n(c)](o,8) = Lsince Z[n(c)](o,8) = L by rule

ﬁiN__l?BIé #I[F](o,8) € d¢
i

Literature

CONSTRAINT e

LANGUAGE .

'PRECISE MODELING WITH UML
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Where To Put OCL Constraints?

« Notes: A UML note is a diagram element of the form

teat can principally be verything, in particular comments and constraints.

ocL:
Sometimes, content is explicitly classified for clarty:

stands for

Y sclf € alllnstancesg e F

Modelling Structure with Class Diagrams

Definition. Softwar iption 5 of a (possibly infnite) set [5] of (finite or
infinite) computation paths of the form oy % 7, % - - where

« 01 € 5. € Ny,iscalled state (or configuration), and

* a; € A,i € Ny, is called action (or event).

“The (possibly partial) function [] : § ++ [S] s called interpretation of 5.

« The set of states 5. could be the set of system states as defined by a class diagram, g
£:=32

« A corresponding computation path of a software S could be
T, e T, el T,

« Ifarequirement is formalised by the Proto-OCL constraint
F=Vee alllnstancesc o 2(c) < 4

then S does not satisfy the requirement.

Content
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o partial vs. complete
 object diagrams at work

Proto-OCL
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» Proto-OCL vs. On_”\

 Putting It All Together:
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28/ -

More General: Software vs. Proto-OCL

« Let. be an object system signature and  a structure.

« Let S be a software with
o states ™ C ¥, and
« computation paths [S].

« Let I be a Proto-OCL constraint over ..

« We say [S] satisfies F', denoted by [S] |= F, if and only if for all
o0 Loy oy e [S]
andalli € No,
- I[F](0:,0) = true.
—_—

« We say [S] does notsatisfy, F', denoted by [S] i F.if and only if there exists

00 L, 220, € [S]and i € No, such that Z[F] (o:, 0) = false.
o oy oy € [S]and h that Z[F] (0, 0) = fal

e Note: ~([S]  F) does notimply [S] |= F.
i @Al 7 T doesnotimey DL R

31
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Tell Them What You’ve Told Them. ..

Proto-OCL constraint

nstcain® £ if and only if

all paths.

« A software over

2
trueinal
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