A Specification Language

UML: www.rational .com/uml
Model architecture
Object Constraint Language
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Testing and OCL

» A classmodd is not enough for aprecise
and unambiguous specification.

o Useful to express specifications, test
requirements and test specifications

A useful notation to know: part of UML
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The relative cost of correcting an
error increasesover SDLC
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Definition Analysis Design Code Maint.
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How to prevent defects?

» More precise specifications. OCL helps.

o Start testing early, at design level: See
homework 2!!!

» Use walkthroughs and inspections
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UML language architecture
» UML metamodel defines meaning of UML
models

» Defined in ametacircular manner, using a
subset of UML to specify itself

* UML metamodel bootstraps itself. Similar:
— compiler compilesitself
— grammar defines itself
— class dictionary defines itself
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4 layer metamodel architecture

UML metamodel one of the layers
Why four layers?
Proven architecture for complex models

Validates core constructs by using them to
define themselves
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Four layer architecture

meta-metamodel

— language for specifying metamodels
metamodel

— language for specifying models

model

— language for specifying objects in some domain
user objects
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Four levels

o User Objectsin running system
— check run-time constraints
» Model of System under design
— specify run-time constraints
» Meta-model
— specify constraints on use of constructs in model
» Meta-metamodel
— data interchange between modeling tools
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» Object Constraint Language

— alows you to define side effect-free constraints
for UML and other models

— used in UML to defined well-formedness rules
of the UML metamodel (invariants for meta
model classes)
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Why OCL

It isaformal mathematical language
Tend to be hard to use by average modelers
OCL isintended for average modelers

Developed as business modeling language
within IBM insurance division (hasrootsin
Syntropy method)

» OCL isapure expression language (side
effect free)
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Companies behind OCL

 Rational Software, Microsoft, Hewlett-
Packard, Oracle, Sterling Software, MCl
Systemhouse, Unisys, ICON Computing,
IntelliCorp, i-Logix, IBM, ObjecTime,
Platinum Technology, Ptech, Taskon, Reich
Technologies, Softeam
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Where to use OCL?

» Specify invariants for classes and types

Specify pre- and post-conditions for
methods

Asanavigation language
To specify constraints on operations
Test requirements and specifications

5/12/98 Specification/Testing/OCL

13

OCL properties

o LL(2) language
— finally back to the Pascal days!
— Grammar provided uses EBNF syntax

» Parser generated by JavaCC
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What is OCL?

 Predicate calculusfor objects

» Traditional predicate calculus:
— individuals
— variables, predicate and function symbols
— terms (for all, Boolean connectives)

— axioms and the theories they define (group
theory, number theory, etc.)

* In OCL: individuals - > objects
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Structured individuals

» some “structural” constraints imposed by
UML class diagram; further constraints can
be imposed by OCL expressions

 annotated UML class diagram defines
textual representation
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Connection to modd

» Self. Each OCL expression iswritten in the
context of an instance of a specific type.

Conpany
sel f. nunber O Enpl oyees

c . Conpany
c. nunber O Enpl oyees
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Connection to modd

* |nvariants of atype. An OCL expression
stereotyped with <<invariant>>. An
invariant must be true for all instances of
the type at any time.

Per son

self.age >= 0
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Example: UML class diagram
ClassGraph

Entry
> < — EPar se
entries
C assG aph ,f \
Not e: we
Cl assDef use a

Body/ BParse | hj ck
’ﬁ Par t cl assNanme arrow to

*

0.. denot e
ii:?\\\\\\\\\:::::i i nheritance.
UML uses an

super
ClassNane |OpP€én arrow.

Concrete Abst ract
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UML class diagram ClassGraph

0..* Entry
* > EPar se
entries
Cl assGraph
BPar se
Cl assDef
Body
cl assNanme

Cl assNane
nunber of

concrete cl asses

Concrete Abst r act
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-> collection op

Example sel ect : subset

Number of concrete classes.
—Cl assG aph self.entries->
select(c: Entry]|c.
ocl | sTypeO (O assDef)) - >
col | ect (body) - >
sel ect (b:Body]|b.
ocl | sTypeO (Concrete))

->sj ze
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Pre- and post-conditions

* constraints stereotyped with
<<precondition>> and <<postcondition>>

for an operation or method. Example;
Type: :op(paranml : Typel .):
Ret ur nType
pre: paramndl
post: result = ..
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Pre- and post-conditions

« Example: Post condition for insert operation:

person. al |l I nstances ->
forAll (pl, p2 | pl <> p2
inmplies pl.id <> p2.id)
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Basic values and types

Boolean true, false

— and or xor not impliesif-then-else

* Integer 123 subtype of Real
—*+-/abs

e Rea 3.14
—* + -/ floor

o String “ To be or not to be

— toUpper concat
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Basic values and types
» Collection

— Set subtype of Collection
— Sequence subtype of Collection
— Bag subtype of Collection

if element types conform to each other
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Types from the UML Model

» Each OCL expression livesin the context of
aUML model, anumber of types/classes
and their features and associations and their
generalizations.

 All types/classes from the UML model are
typesin OCL.
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Type Conformance

* OCL istyped

» Type conformance rules for typesin the
class diagram are simple:
— each type conforms to its supertype
— type conformance is transitive
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Objects and properties

» Thevalue of aproperty on an object that is
defined in aclass diagram is specified by a
dot followed by the property name.

At ype
sel f.property
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Properties

an attribute

an association end

an operation with isQuery true
amethod with isQuery true
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Properties

e an attribute
Person self.age >= 0
sel f. enpl oyer - >si ze
* an association end

Conpany
sel f. manager --type Person

sel f. enpl oyee--type Set (Person)
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Properties
 an operation with isQuery true

Person sel f.incone(abDat e)
Conpany sel f.stockPrice()
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Missing role names

* Whenever arole name is missing at one of
the ends of an association, the name of the
type at the association end, starting with a
lowercase character is used asrole name. If
this results in an ambiguity, the role nameis
mandatory
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Navigation over associations

 Conpany sel f. manager
object of type Person or Set(Person)
— used as Set(Person)
sel f. manager->size -- result 1
— used as Person
sel f. manager . age
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OclType and OclAny

« All typesinaUML model, or predefined
within UML have atype. Thistypeisan
instance of the OCL type called Ocl Type.

» OclType: metatype of all types. OclAny
supertype of all types. OclType: Class=
OclAny : Object (analogy to Java)

» Features of OclType: good for meta
programming.
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Predefined OCL types

* OclType: type: instance of OclType

—type.
—type.
—type.
—type.
—type.
—type.
—type.

5/12/98

name : String
attributes: Set (String)
associ ati onEnds: Set (Stri ng)
operations: Set(String)
supertypes: Set (Ccl Type)

al | Supertypes: Set (Ccl Type)
al I I nstances: Set (type)
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Similarity: java.lang.Class

* instances of classCl ass represent classes and
interfaces in away that can be read (but not
modified) by arunning Java program

public final class O ass{
public String getNane();
public C ass get Superd ass();

public Cass[] getlnterfaces();
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Predefined OCL types

» OclAny: supertype of all typesinthe
model. object: instance of OclAny
—obj ect =(obj ect 2: Ccl Any)
—obj ect <>( obj ect 2: Ccl Any) : Bool ean
—obj ect. ocl Type: Ccl Type

—obj ect.ocl I sKindO (type: Ccl Type)
Bool ean
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Similarity: java.lang.Object

 All objects, including arrays, implement the
methods of this class
public class bject {
public final C ass getd ass();
publ i ¢ bool ean
equal s( Obj ect obj);
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Predefined features on all objects
(OclAny)

» Type of an object
ocl Type : Ccl Type

Feature ocl Type results in type of an object
 Direct type
ocl I sTypeO (t: Ccl Type) : Bool ean

 Direct or super type
ocl I skKi ndOf (t: Ccl Type) : Bool ean
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Examples

 Person
sel f. ocl Type

results in Person
 Person

sel f.ocl | sTypeO (Person)--true
sel f.ocl | sTypeO ( Conpany) --f al se
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Predefined features on types

» Two kinds of properties
— on instances of classes
— on types/classes themselves

» Most important predefined feature on each
type: al | | nst ances

Person. al | | nstances ->
forAll (pl, p2 | pl <> p2
inmplies pl.id <> p2.id)
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Collections

Navigation will most often resultin a
collection.

Col | ect i on predefined
Large number of predefined operations
Col I ecti on( X)
Set ( X) | Sequence( X) | Bag( X) .

» Specifiable by aliteral
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Collection type conformance

 Collection(X) is asubtype of OclAny.

* Rules (only 3 collection specific)
—T1conformsto T2 if T1=T2.
— T1 conformsto T2 when T1 isasubtype of T2.

— Collection(T1) conformsto Collection(T2) if
T1 conformsto T2

— conformance is transitive
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Previous value in post-conditions

* Pre- and post-conditions on operations and
methods

— the value of aproperty at the start of the
operation or method

— the value of a property upon completion of the
operation or method
* Person: : bi rt hdayHappens()
post: age = age@re + 1
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Collection Operations

» Select and rgject operations
—col | ecti on->sel ect (bool ean- expr)
Conpany
sel f. enpl oyee- >sel ect (age > 50)
—col I ecti on->sel ect
(v] bool ean- expr-w t h-v)
Conpany sel f. enpl oyee- >sel ect
(pl p. age > 50)
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Collection Operations

» Select and rgject operations
—col | ection->sel ect
(v: Type| bool ean-expr-wit h-v)
Conpany sel f. enpl oyee- >sel ect
(p: Person| p. age > 50)
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Select syntax

» Define a subset

—col |l ecti on->sel ect type

redundancy

(v: Type| bool ean-expr-wit h-v)
—col | ection->sel ect

refer to
- - \M _ entire
(v| bool ean- expr-wi th-v) obj ot
—col |l ecti on->sel ect
refer to

(bool ean- expr) parts
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Reect syntax

» Define a subset
—col l ection->reject
(v: Type| bool ean-expr-w t h-v)
—col l ection->reject
(v] bool ean- expr-w t h-v)
—col l ection->reject
(bool ean- expr)
* Instead negate expression
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Collect syntax

—col |l ection->col |l ect
(v: Type| expr-wit h-v) |Build new

) coll etion
—coll ection->coll ect by appl _yi ng
(v] expr-with-v) expr essi on

) to el enents
— ->
col | ecti on->col | ect of ol d

(expr) col I ection
» Createsabag
sel f. enpl - >col | ect (bdat e) - >as Set
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Shorthand for Collect

» Because navigation through many objectsis
very common, there is a shorthand notation
for collect that makes OCL expressions more
readable. Both are correct:

—sel f. enpl oyee ->
col l ect (birthdate. year)
—sel f. enpl oyee. bi rt hdat e. year
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ForAll operation

» All elements satisfy Boolean expression
—col l ection->forAl
(v: Type| bool ean-expr-wit h-v)
—col l ection->forAl
(v] bool ean- expr-w t h-v)
—col l ection->forAl
( bool ean- expr)
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EXists operation

» At least one element satisfies Boolean
expression
—col | ection->exists
(v: Type| bool ean-expr-wit h-v)
—col | ection->exists
(v] bool ean- expr-w t h-v)
—col | ection->exists
( bool ean- expr)
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Predefined OCL types

* Integer, Real, String, Boolean
» OclExpression, OclType, OclAny

* OclType
— al types defined in amodel have type OclType
— alows access to the meta-level of the model
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Predefined OCL types

* OclType: type: instance of OclType
—type.nanme : String
—type.attributes: Set(String)
—type. associ ati onEnds: Set (Stri ng)
—type. operations: Set (String)
—type. supertypes: Set (Ccl Type)
—type. al | Supertypes: Set (Ccl Type)
—type. all I nstances: Set (type)
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Predefined OCL types

» OclAny: supertype of all typesinthe
model. object: instance of OclAny
—obj ect =(obj ect 2: Ccl Any)
—obj ect <>( obj ect 2: Ccl Any) : Bool ean
—obj ect. ocl Type: Ccl Type

—obj ect.ocl I sKindO (type: Ccl Type)
Bool ean
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Applications

* Number of class definitions:
— C assG aph self.entries->size wrong

— ClassG aph self.entries->
select(c: Entry]|c.

ocl | sTypeO (d assDef)) - >si ze

0..* Entry
> e EPar se
entries
Cl assG aph ¢
BPar se
Cl assDef

5/12/98
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Applications E

* Number of class definitions. What about
using strategies to define collections?
— O assGaph self.{to C assDef}

->sj ze

0..

*

Cl assGraph
Cl assDef

5/12/98

entries

>

Entry

EPar se

4

Specification/Testing/OCL

BPar se
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Improve OCL: make adaptive

» OCL stresses the importance of collections
 Collections are best specified adaptively

o A strategy SS= (S B, s, t) with source s and
target set t and name map N for class graph
G defines a collection of objects contained
in aN(s)-object. The collection type CT is
the union of N(t,) for t; int.
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|mprove OCL

» The collection consists of CT-objects
reached during the traversal of the N(s)
object following strategy SS.
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Properties

e In OCL
— an attribute
— an association end
— an operation with isQuery true
— amethod with isQuery true
» Add for adaptive OCL
—astrategy { ...} withasingle source
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UML class diagram ClassGraph

Y% 0.7 Entry
- entries

Cl assGraph

EPar se

BPar se

Cl assDef

Body

super

Cl assG aph -- concrete cl asses
Concrete Abstract | self.{to Concrete}->size
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Applications

* Number of concrete classes:
—Cl assG aph self.entries->
select(c: Entry]|c.
ocl | sTypeO (O assDef)) - >
col | ect (body) ->
sel ect (b:Body]|b.
ocl | sTypeO (Concrete))
->sj ze
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C assG aph self.entries->
select(c: Entry]|c.
ocl | sTypeO (O assDef)) - >
col | ect (body) ->
sel ect (b:Body]|b.
ocl | sTypeO (Concrete))

->size -- count concrete cl asses

Cl assG aph -- count concrete cl asses

self.{to Concrete}->size

Which oneis easier to write?
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UML class diagram ClassGraph

0..* Entry
> et EPar se
entries
C assG aph ¢ \
BPar se
Cl assDef

BOdy /
parts Part cl assName
///)
0..* \
N Cl assNane

super

Concrete Abst ract
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Applications

* Terminal buffer rule

C assG aph self.{to O assDef}
->forAll(r|r.ternBProp())

Cl assDef Bool ean ternBProp(){
part CNs=sel f.{via Part to Cl assNane};
result=if (partCNs->size)>1 then

(part CNs->i ntersection(predef CNs))
-> i skEnpty
el se true endif}
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UML class diagram ClassGraph

0..* Entry
* > EPar se
entries
Cl assGraph
BPar se
Cl assDef

Body

Concrete Abst ract
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UML class diagram ClassGraph

0..* Entry
> et EPar se
entries
Cl assGraph
BPar se
Cl assDef
Body
cl assNanme

Cl assNane

Concrete Abst ract
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UML class diagram ClassGraph

0..* Entry
> et EPar se
entries

C assG aph ¢ \
BPar se

Cl assDef

BOdy /
parts Part cl assName
///)
0..* \
N Cl assNane

super

Concrete Abst ract
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Applications

» Classgraphisflat
C assG aph
self.{to Abstract}->
forAll (al a. parts->si ze=0)
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UML class diagram ClassGraph

0..* Entry
* > EPar se
entries
Cl assGraph
BPar se
Cl assDef
Body
cl assNanme
Cl assNane
Concrete Abst r act
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UML class diagram ClassGraph

0..* Entry
> et EPar se
entries
Cl assG aph ,f
BPar se
Cl assDef

BOdy /
parts Part cl assName
/—>
0..* \
N Cl assName

super

Concrete Abst ract
5/12/98 Specification/Testing/OCL 72




Applications

» Abstract superclassrule
C assG aph
superC s =
sel f. {through->*,super,* to C assNane};
self.{to Cl assDef}->
forAl'l (c|
i f (superd s->includes(c.classNane))
then c.{to Abstract}->size=1
el se true
endi f)
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UML class diagram ClassGraph

0..* Entry
* > EPar se
entries
Cl assGraph
BPar se
Cl assDef
Body
cl assNanme
Cl assNane

Concrete Abst r act
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UML class diagram ClassGraph

0..* Entry
> et EPar se
entries
C assG aph \
BPar se
Cl assDef
Body

Concrete Abst r act
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Conclusions

» OCL isasuitable language for expressing
object properties, classinvariants and
method pre- and post-conditions. (needs
capability to define functions and auxiliary
variables).

« OCL isNOT agood language for
navigation but can be made into one by
adding strategies.
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Further information

» www.rational.com contains latest
information about UML, specifically OCL.

» www.ics.uci.edu/pub/arch/uml
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