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Content
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o Object Constraint Language completed:

—e Satisfaction Relation, Consistency
—(e Decidability
—e OCL Critique

e Object Diagrams

—(e Definition
—(e Graphical Representation

—e Partial vs. Complete Object Diagrams

e The Other Way Round

o Object Diagrams for Documentation
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OCL Satisfaction Relation
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OCL Satisfaction Relation

-5-2016-11-10 - Soclsat -

In the following, . denotes a signature and Z a structure of .¥.

Definition (Satisfaction Relation).
Let v be an OCL constraint over.# and o € % a system state.
We write

o o | pifandonlyif I[p] (o, 0) = true.
o o £ pifandonlyif I[¢](c,0) = false.

!

'

V)

Note: In general we can’t conclude from —(o = ) to o = ¢ or vice versa.
Ve Ve
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OCL Consistency

-5-2016-11-10 - Soclsat -

Definition (Consistency). Asetlnv = {p1,..., p,} of OCL constraints over .¥ is
called consistent (or satisfiable) if and only if there exists a system state of . wrt.
2 which satisfies all of them, i.e. if

JoeXZ o1 AN oEpn

and inconsistent (or unsatisfiable) otherwise.
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Example: OCL Consistent? - [{l% e Sy [
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o) e, 3,
é Vawhe ¢ S‘(Am’g ,--—f/ 572%/@»»9« F
)

é vaie -
5
TeamMember Meeting = Location
(9]
2..% meetings * o
name : String — g title : String 3 name : String
age : Integer psartlapants ___" | numParticipants : Integer % 1
start : Date =
duration: Time g
move(newStart : Date)
TM'";
O AL ((C) Prof. Dr. P. Thiemann, http://proglang. informatik.uni-freiburg.de/teaching/swt/2008/)
$ife v Shel
N RQ I \ L ! . CMS
C oy CONSLal T 7

e context Location inv : name = Lobby implies meetings-> z'sEmpty()j

e context Meeting inv : title = 'Reception implies location . name = Lobby

o alllnstancesyeeting -> exists(w : Meeting | w . title = 'Reception)
I
C(/\gp& M@W{\'Vg IV [CQC&\?LW )&G’SV% ( ( [ *&‘;{%‘-) Cofa_ﬁ’&vzo\z{
pmzeX

\\ﬂ@ﬁ. lec = g sﬁ{\(@c.w%}y”
mo‘é Fd\_\y\’..fvlcﬂ/
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Deciding OCL Consistency

-5-2016-11-10 - Soclsat -

o Whether a set of OCL constraints is consistent or not
is in general not as obvious'as in the made-up example.

o Wanted: A procedure which decides the OCL satisfiability problem.
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Deciding OCL Consistency

-5-2016-11-10 - Soclsat -

o Whether a set of OCL constraints is consistent or not
is in general not as obvious as in the made-up example.

o Wanted: A procedure which decides the OCL satisfiability problem.

o Unfortunately: in general

OCL is as expressive as first-order logic over integers.
W= 27
35({55 Xty > 27 9= 4

j):’ ()@(1 {di/ ix\;é‘\‘/ q- éy's/ {[/H gK@%i)

a,(“vs'{:aw\cqc —->és<)‘5‘/8 (c l C.%%&‘Zc() + C&j—>s§2€(} >2})

r’?zd
@@/
f o

%
o
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Deciding OCL Consistency

-5-2016-11-10 - Soclsat -

o Whether a set of OCL constraints is consistent or not
is in general not as obvious'as in the made-up example.

o Wanted: A procedure which decides the OCL satisfiability problem.

o Unfortunately: in general

OCL is as expressive as first-order logic over integers.
W= 22
}15(,35 Kty > 27 g= 4

9= (8,108, -0, 4203, §0 g3 ) .

f"
. : 1 !
ol lustawezs , — Esaste [c]exsaal) b cymsn0)>22) ch,@/j NS

v

o

e And now? Options: Cabot and Clariso (2008)

o Constrain OCL, use a less rich fragment of OCL.

o Revert to finite domains — basic types vs. number of objects.
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OCL Critique
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OCL Critique

-5-2016-11-10 - Soclcritique -

e Concrete Syntax / Features

“The syntax of OCL has been criticized - e.g., by the authors of Catalysis [...] - for being hard
to read and write.

o OCLs expressions are stacked in the style of Smalltalk,
which makes it hard to see the scope of quantified variables.

» Navigations are applied to atoms and not sets of atoms,
although there is a collect operation that maps a function over a set.

e Attributes, [...], are partial functions in OCL, and result in expressions with undefined
value.!” Jackson (2002)
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OCL Critique

-5-2016-11-10 - Soclcritique -

o Expressive Power:

“Pure OCL expressions only compute primitive recursive functions, but not recursive
functions in general”” Cengarle and Knapp (2001)

o Evolution over Time: “finally self.xz > 0"
Proposals for fixes e.g. Flake and Muller (2003). (Or: sequence diagrams.)

o Real-Time: “Objects respond within 10s”
Proposals for fixes e.g. Cengarle and Knapp (2002)

o Reachability: “After insert operation, node shall be reachable.”

Fix: add transitive closure.
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Where Are We?
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You Are Here.

- 5-2016-11-10 - Spostmap -

Jec. A

S, SD

&,

QSD qO,Ay,_>SD7FSD

Ce N\ Wy = ((O‘i, cCons;, Sndi))ie]N
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Content

-5-2016-11-10 - Scontent -

o Object Constraint Language completed:

—e Satisfaction Relation, Consistency
—(e Decidability
—e OCL Critique

e Object Diagrams

—(e Definition
—(e Graphical Representation

—e Partial vs. Complete Object Diagrams

e The Other Way Round

o Object Diagrams for Documentation

- —_— - —

"0y A~ — 7 7 T =
1 Z > ¢ 5 ¢ * lec
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Object Diagrams
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Recall: Graph

-5-2016-11-10 - Sod -

Definition. A node-labelled graph is a triple
G=(N,E,f)

consisting of

e vertexes NV,

e edges F,

e node labeling f : N — X, where X is some label domain,

15/33



Object Diagrams

-5-2016-11-10 - Sod -

Definition. Let Z be a structure of signature . = (7, %, V, atr)
and o € ¥Z a system state.

Then any W G = (N, E, f) where

nodes are alive objects, i.e. N C Z(%) Ndom(o),
edges start are labelled with derived type attributes, i.e.

ECNx{v:TeV|Te{Cy1,C«|CeF}}xN,

=: V1, (derived type attributes in .%)

edges correspond to “links” between objects, i.e.

Vui,uz € 2(¢),r € Vo,1.% : (u1,7,u2) € E = u2 € o(u1)(r),

nodes are labelled with an identity and attribute valuations, i.e.
X = (VU {id} - (2(T) U D(%)))
Vue N: f(u) C{id = {u}}Uo(u)|lv, U{r—= R|r € Vo 1,«,RCo(u)(r)}
where Vg :={v: T eV |T € 7} (basictype attributes in .7).

is called object diagram of o.
—~—~—~— X —
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Object Diagram: Examples
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e NC () Ndom(c) eECNXVyi1.4« XN o (ui,ry,u2) €E = w2 €o(ur)(r) of:N—-X

= (VUu{id})»(2(7)U2(6) o f(u) C{id—={u}}Uo(u)lv, U{r = R|RCo(u)(r)}

= ({Int},{C},{x: Int,y : Int,r: Ci},{C = {z,y,7}}),  Z(nl) =7

0':{10 l—){CU'—> 1,yl—>2,7“'—>{10730}}}

o G=(N,FE, f)with
e nodes N = {1&%
o edgesE = § (10,0, ) §
o node labelling f = {TC > fd o {kg w7, PH%SJ%

is an object diagram of o.
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Object Diagram: Examples

e NC () Ndom(c) eECNXVyi1.4« XN o (ui,ry,u2) €E = w2 €o(ur)(r) of:N—-X
o X =(VU{id})»(2(T)U2(€x) o f(u)C{id— {u}}Uoc(u)ly, U{r— R|RCo(u)(r)}

-5-2016-11-10 - Sod -

S = ({Int},{C},{x: Int,y: Int,r : Ci},{C — {z,y,7}}), D (Int) = 7Z

0':{10 l—){CU'—> 1,yl—>2,7“'—>{10730}}}

o G=(N,E, f)with
nodes N = {l¢ }

edges £ = {(1¢,r, 1¢) } M 333
s node labelling f = {1¢ — {id — {1c},z— 1,y — 2} }

is an object diagram of o.
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Object Diagram: Examples

e NC () Ndom(c) eECNXVyi1.4« XN o (ui,ry,u2) €E = w2 €o(ur)(r) of:N—-X

o X = (VU {id})=»(2(T)U2(%.) o f(u)C {id— {u}}Uo(u)|y, U{r — R| R C o(u)(r)}

-5-2016-11-10 - Sod -

S = ({Int},{C},{x: Int,y: Int,r : Ci},{C — {z,y,7}}), D (Int) = 7Z

o‘:{lc l—){x'—> 1,yl—>2,?“'—>{10730}}}

o G=(N,FE, f)with
e nodes N = {l1¢c }
e edges K = {(1¢,r, 1¢) }
o node labelling f = {1¢c — {id — {1c},z — 1,y — 2} }

is an object diagram of o.

e Yes,and..? GG can equivalently (!) be represented graphically:

lc : C .
r r=1 3C:C‘
=2
y X
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UML Notation for Object Diagrams

-5-2016-11-10 - Sod -

optional

wigardatod

T

Tl
d 1:1 class |
L — — a0 | — — — 1
\
r— — 1 r — — 7
| =1 d] I
L _— — 1 L — — 4
r__'l-r__'l
I v, 1=1 d, |
L — — 2 L — — 2

r— /7 r— 7 =71

I 2d 1:1 class |

L — — g |- _1

mandatory

“compartment”

optional

optional
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Object Diagram: More Examples?

o NCP(€)Ndom(c) eECNXVo1,« XN e (ui,ryug) € E = ug €o(u)(r) eof: N—->X
o X =V U{id})»(2(7)U2(6) o f(u)C{id—{u}}Uo(u)lv, U{r— R|RCo(u)(r)}

-5-2016-11-10 - Sod -

S = {Int},{C},{x: Int,y : Int,r : Ci},{C — {v1,v2,7}}), D (Int) =7

oc={lc—{z—=1y—=2r—={2c}}, 2c—={zx— 13,y 27,7 — 0}},

1lc : C 20 : C 1lc : C - 50 C

y =27 y =2 — /

].C’ég r 200 ]-CC r
° @:1 x =13 | z=1 2c : C
yot Co, wnCre
1c : C @ 20 : C 1lc : C
® r=1

— — r— 13 o z=1 2¢: C

10:?’ 20 c o 10:0 \/
° xi r=13
s\/wi"llff;
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Complete vs. Partial Object Diagram

-5-2016-11-10 - Sod -

Definition. Let G = (N, E, f) be an object diagram of system state o € 2.
We call G complete wrt. o if and only if

e (G is object complete, i.e.
o @ consists of all alive and “linked” non-alive objects, i.e.
N = dom(a)-
e G is attribute complete, i.e.

o G comprises all “links” between objects, i.e.

Vui,uz € N ,7 € Voi;x : (u1,mu2) € B <= uz € o(u1)(r),

o each node is labelled with the values of all .7 -typed attributes and the dan-
gling references, i.e. Lo reshiion,
[_\ 74(:/(, o (=
Vu € dom(o) e f(u) ={id — u} Uo(u)|v,
U{r— o(u)(r) \ dom(o) | o(u)(r) € dom(o)}.

Otherwise we call G partial.
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Complete vs. Partial: Examples

e NC () Ndom(c) eECNXVyi1.4« XN o (ui,ry,u2) €E = w2 €o(ur)(r) of:N—-X

o X = (VU {id})=»(2(T)U2(%.) o f(u)C {id— {u}}Uo(u)|y, U{r — R| R C o(u)(r)}

-5-2016-11-10 - Sod -

S = ({Int},{C},{x: Int,y : Int,r : Ci},{C — {v1,va,7}}), P(Int) = Z

c={lg—~{z—=1,y—2,r— {2¢,3¢}}, 2c—~{z— 13,y — 27,7 — 0}},

r 1030 r QC:C
o | 3¢c:C =1 r =13
x| y=2 y=27/
CM&ﬁ/e
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Complete/Partial is Relative

-5-2016-11-10 - Sod -

Each object diagram-like graph G represents a set of system states, namely
G~ ! := {0 € £Z | Gis an object diagram of &}

How many?

Each system state has exactly one complete object diagram.

A system state can have many partial object diagrams.

Observation:
If somebody tells us for a given object diagram G

o thatitis meant to be complete, and
e ifitis not inherently incomplete (e.g. missing attribute values),

then it uniquely denotes the corresponding system state, denoted by o(G).

Therefore we can use complete object diagrams exchangeably with system states.
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Non-Standard Notation
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o = {Int},{C},{n,p: Cu}, {C = {n,p}}).

e Instead of
mn
1C’ C 50 C
we want to write
1lc : C n el g
— p=
D= @ n=10
or
. P
mn ]
——1c:C 5c: C
]

to explicitly indicate that attribute p : C'. has value ) (also for p : Cp 1).
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UML Object Diagrams
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Discussion

nf -

-5-2016-11-10 - Sodsco

We slightly deviate from the standard (for reasons):
~ N\

We allow to show non-alive objects.

Allows us to represent “dangling references’,
i.e. references to objects which are not alive in the current system state.

We introduce a graphical representation of ) values.

Easier to distinguish partial and complete object diagrams.

In the course, C 1 and C-typed attributes only have sets as values.

UML also considers multisets, that is, they can have

n

’LL1ZC UQZC

n

This is not an object diagram in the sense of our definition
because of the requirement on the edges F.

Extension is straightforward but tedious.
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The Other Way Round
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From Object Diagram to Signature / Structure

-5-2016-11-10 - Sotherway -

o If we only have a diagram like

1C:C QC:C

we typically assume that it is meant to be
an object diagram wrt. some signature and structure.

e In the example, we conclude that the author is referring to some signature
S = (7,6, V, atr) with at least
. $¢.Djce
([ Té CY,
° {£=T, - C[O,'I P (([)oi C_\/
ol (C) 2 2 V\g
ak () 2 .23

and a structure 2 with

o $4c,2c8 <D
¢ B ceP(D)
e OE (@CT)
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Example: Object Diagrams for Documentation
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Edeple.' Data Strl/tCtl/tl’e (Schumann et al., 2008)

foobs:

/

BaseNode y/
+ parent : BaseNode.,

+ prevSibling : BaseNode.,
+ nextSibling : BaseNode..

*

Iterator

— node

+ firstChild ;: BaseNode..
+ lastChild : BaseNode.

Node
+data: T
+ Node(data: T)

-5-2016-11-10 - Sodatwork -

+ operator++() : Iterator
+ operator——() : Iterator
+ operatorx() : BaseNode

— begin_it —end_it

Forest

+ appendTopLevel( data: 7")

+ appendChild( parent : Iterator, data: 7")
+ remove( it : Iterator)

+ depth(it: Iterator ) : int

+ end() : Iterator

+ begin() : Iterator

+ empty() : bool

+ size(): int
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E)Cdmple.' Illthfl’CltiV@ 0bj€Cf Didgl’dm (Schumann et al., 2008)

-5-2016-11-10 - Sodatwork -

begin_it end_it
: Iterator : Forest : Iterator
node node
nextSib nextSib
A : Node E: Node end : BaseNode
prevSib prevSib
parent firstChild
parent
firstChild parent lastChild firstChild
nextSib
B : Node C:Node F : Node
prevSib
lastChild
arent
P firstChild
D : Node
= Traceviewer: hierarchy_exa structwfy Halix
Fle ‘Jiew Edit Help
Hsearch: I filter: I * positive  negative reset
I T T Fe
o 1 2 -
i 7. {11 {7.4v11
BaseNode f
-+ parent : BaseNode,. Iterator B 17
-+ prevSibling : BaseNode.. — node
-+ nextSibling : BaseNode., -+ operator++() : Iterator = |
+ firstChild : BaseNode.. + operator——() : Iterator e i) i
+ lastChild : BaseNode.. -+ operatorx() : BaseNode
. D % ¥
— begin_it —end_it L
Node Forest -IE iSummar},ﬂ of rows E contains
+data: T’ + appendTopLevel(data: 7')
+ Node(data: 7) ~+ appendChild( parent : Iterator, data: T") E ifalse true
+ remove( it : lterator ) k
+ depth(it: Iterator ) : int —
+ end() : Iterator
+ begin() : Iterator -
+ empty(): bool ki 2 hd
-+ size(): int |
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Tell Them What You’ve Told Them. . .

-5-2016-11-10 - Sttwytt -

When using an OCL constraint F' to formalise requirements,
we typically ask to ensure o = F.

System states can graphically be represented
using Object Diagrams.

Our notation is slightly non-standard (for reasons) — mind the
syntax (to not confuse Object and Class Diagrams)!

Object diagrams can be partial or complete,
the authors got to tell us.

An Object Diagram for a typical system state can be used
as a starting point to design a signature.

Object Diagrams can be used to illustrate/document
how a structure is supposed to be used.
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