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UML AND REFINEMENT

Stepwise refinement was fundamental and very useful
abstraction in program and model developments since Hoare’s
Sructured Programming till Structured Analysis and Design
and other similar structured development methodologies.

Stepwise refinement means some kind of multilayer
abstractions in modeling, 1.e. some kind of decomposition in
modeling.

Object-oriented approaches do not use stepwise refinement
extensively what 1s generally recognized as serious
drawback 1n enterprise modeling.

The presentations deals with the problem of behavior
refinement in UML.



REFINEMENT IN UML?

Refinement relationship - " represents a fuller specification
of something that has already been specified at certain level
of detail or at a different semantics level". It may contain a
formal description of mapping, but not necessarily.

Supplier S Client
<<refine>>

Refinement relationship 1s defined very generally. It seems
that additional semantics can be given only within a
specific software development process (methodology).

What can be Supplier and what can be Client depends on a
development process



REFINEMENT SEMANTICS

« Early attempts to incorporate refinement in OO development
where directed toward different ways of combination of
structured and OO development — most often, so called, FOO
approach (Functional analysis, Object design and Object
implementation) [Constantine 1991].

 However the dogma that everything (Analysis, Design,
Implementation) have to be OO, nothing structured, have won.

Use Cases has become functional model in UML.



USE CASES AND REFINEMENT
SEMANTICS

 Different kinds of use cases to incorporate different level of

abstractions of requirement specification [Larman 1998]

very brief description of user
High level interactions with a system;

Use Case
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<<refine>> more detailed description,
Expanded free of technology details;
Use Case

~N
~N

<<refine>> >

. ) . Real
o_Iescrlptlon of user_lnteractlons Use Case
in real current design.

» Use Case dependencies << extend>>, <<include>> can be
treated as refinement relationship, too



REFINEMENT

The Catalysys approach [DSouza 1999] suggested very

interesting and important way to incorporate refinement in
UML:

* Promote the action ( “everything that happens: an event,
task, job, message, change state, interaction or activity”) as
the “first class entity” in the model);

e The core of a model should be very small, just objects and
actions;

 Introduce refinement relationship as a relationship between
a particular design and its specification, with mapping
between them and justifications of design choices;

» Four kinds of refinement: action refinement, object
refinement, operation refinement, model refinement



REFINEMENT SEMANTICS

Refinement semantics 1s here developed having in mind the
“System-Theoretic Modeling Lifecycle” (STML) [Calman
1954 ] consisting of the following stages:

1. Identification, system model is given as a set of functions
representing input-output transformation

2. Realization in which one first choose a model (a theory) to
realize the system and then tries to find a minimal or
satisfactory realization of identified set of functions within
the chosen model.

Snce realization may contain functions, these two steps can
be iterated until primitive realization is reached.

3. Implementation, transformation of the primitive realization
model into a given implementation environment.



1 | DENTI A CATI ON(SPEQ A CATI ON

| dentification (Specification), a system model is given as a
collection of functions representing input-output
transformation;

S{F: U--->Y}

S

Any kind of system analysis will do if provides proper set of
functions.




2. STATE SPACE REALIZATION
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STATE SPACE REALIZATION

The terms function 1s defined as an "atomic computation”
that results in a change 1n the state of the model or the return
of a value". The terms function, operation and action are
treated here as synonyms.

They can be also treated as transactions (logical units of
work), with ACID properties at specified level of
abstractions. One can consider his/her requirement to be
fulfilled as an function although it is realized as a business
process, or an interactive application (Use Case).
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FURTHER REALIZATION

Newdgae X1 isirntroducedtoresd ve conpu aiond
conpexityd ¢, Function ¢,isredized as apogram
(nethod a cdlaboraion)

/ STATE X

i L

STATE X1
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FURTHER REALIZATION

Newgae X1 isirntroducedtoresd ve bahcompuaiond
conp extyof ¢, anddructue congexty d theinpu u,
Subfuncionis usedtoconstrud ulinthegae XL Functi on ¢,
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bus Ness [r ocess
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REALIZATION AND REFINEMENT

specification ﬁ

Supplier

specification ﬁ

Supplier

1 specification ﬁ

Client

realization ﬁ

Client

e What Isredizaion on onelevd d abdstracti on can be cond der as
speaficaion onthe ahe one

* Redizaionrd ai onsh pshou d bethe na n nechan smto speafy
rinenent ance“redizaionis anind calon d theil nheritance
of behav o wthou theinheritance d drud ure’
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SEMANTICS OF STEPWISE
REFINEMENT THROUGH REALIZATION

refinement o
Realization

specification
P 1 model structure 1

ModelElement + Model

Accordingto
modeling rules

UML supports these relationships at higher level of abstraction
However, the semantics of realization should relate model
clement and model that realize 1t at lower level of abstraction
Model 1s constructed of model elements according to specific

modeling rules
14



REALIZATION OF OPERATION

« STLM implies stepwise refinement through realizations of
functions (operations)

<<BusinessProcesss>>
Op -
<<UseCase>> | [ __ Collaboration>>
Oper3 Op
Jop
P I
Class ’i Class2 “ ¢
Oper2(...) . OpB2()
:0pB —
Class3 method Oper2(...)
{
OpB() 02.0pA();
03.0pB();
}
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UML metamodel

Core: Backbone

Element

ModelElement

ElementOwnership

visibility : VisibilityKind

*
+ownedKElement

—_

—_

i

+namespace

¢ |

|

|

1. STML requires operations to
be “first class entities” what
UML allows

2. Implementation of operations

by method already exists

0.1 GeneralizableElement
Feature Namespace - - Parameter
ownerScope : ScopeKind isRoot : BOOIIean defaultValue : Expression
il b isLeaf : Boolean kind : ParameterDirectionKind
visibility : VisibilityKind . :
Y Y isAbstract : Boolean
*
Z> +typedParameter +parameter
+owner
+ o 1
feature 0.1 Classifier
L 4 +
type
{ordered}
1 +type
{ordered}
11 ed feature i

StructuralFeature » BehavioralFeature 0.1
multiplicity : Multiplicity isQuery : Boolean >
changeable : ChangeableKind
targetScope : ScopeKind ZF

Operation T N Method

Attribute

initialValue : Expression

concurrency : CallConcurrencyKind

isRoot : Boolean
isLeaf : Boolean
isAbstract : Boolean
specification : String

N

1
<
.pe . ~
Q +specification ~~
\X

bﬁy : ProcedureExpression

~
~
~

~ | Implementation
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Extensions of UML metamodel

Since STML i1s based on operation realization, the following of UML metamodel

1S given:

Operation

Element

£

ModelElement

1 0..*

B

Relationship

7

Realization

+specification +refinement

//‘\\
[\

-

RealizationByCollaboration

RealizationByUseCase

RealizationByActivityGraph

0.1

1
Collaboration

0.1
1

UseCase

0.1
1

ActivityGraph
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Example

<<interface>>

ISupplier Process Ordering

/| GiveMeOffer(in Inquiry, out Offer) Order Processing Stock Manager
'| ProcessOrder(in Order, out Delevery, out Invoice) <
RecievePaymgnt(in Payment)

Recieve Order

Checm [NOT in stock] .
Giving offer <<collaboration package>> ook order o
RecivePayment 4/ L
[in stock]

Assign im

delevery

Send Invoice Send Delevery

18



Operation realization by Use Case

Customer System
Giving offer
GetCatalog

Customer

Catalog

Request(Product, Quantity)

Offer(Price)

|
|
|
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|
|
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Process Ordering

Order Processing

Recieve Order

Stock Manager

Checm [NOT in stock] .
iterL/ \Rirder items

[in stock]

Assign i@

delevery

Send Invoice

Send Delevery

Operation realization by business process

Receiving order

Send Delevery

Allocate
inventory

Schedule
delevery

Issue product

“~| Invoice Sender

sendinvoice()
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Operation realization by program

<<collaboration package>>
RecivePayment

RecievePayment(Payment)

:Payment

:Payment Receipt

q\ 1: getCustomer()

2: getReceivableAccount
—

Payment Receipt

ReceivePayment()

$3: credit

:ReceivableAcount

:Customer

Payment

Customer

v

ReceivableAccount

debit()
credit()
balans()
open items()
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Conclusion

Detailed semantics of refinement can be given only
within a specific software development process
(methodology).

Refinement in STML 1s given through realization of
functions (operations) within chosen model. If model
contains operations as model elements, refinement can
continue.

Implementation is association between operation and
method.

Semantics of operation realization 1s represented as an

extension of UML metamodel -
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