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Success with Components

_
2. Traceability = 1. Business Driven|
bridge Business and I T ii understand business fir st
precise shared vocabulary . relateitisparate Views
_ critical business questions early ﬁ%ﬁ N
]
4. Ar chitecture % 5. Reuse Process
infrastructure | /[ develop for reuse
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3. Pluggable Components
precise interface-centric design
traceable business components
L assemble from coherent component kit

= Integrated Business and
Systems Engineering




What is Catalysis™?

UML partner, OMG standards, TI/MS standards
Precise models and systematic process Dynamic non “ stovepipe” systems

m A next-qen&ation standards-aligned rtz:eW
v" For open distributed component s ms

v from components and frameworks

From business

v that reftect and support \an adaptive enterprise—| (0 code

Comp@ pre-built interfaces,

models, specs, implementations... \)
...all built for extensibility

Catalysis has been in development and use since 1992
Supports components, OO, legacy, heterogenous systems

Addison Wedley, “ Objects, Components, Frameworks...” 1998, D’ Souza & Wills

The foundation of CA’s CBD and methods offering

‘EiBJECTS, COMPONENTS,
AND FRAMEWORKS
WITH UML

THE CATALYSIS APPROACH

DESMOND FE. D’SOUZA D
ALAN C. WILLS
f———
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Note: some new slides today;

Outllne Latest version at catalysis.org

Precise component specifications in UML -

v Interfaces

Refinement
v' Component implementation refines spec

What is Software Architecture?
v' Common definitions and examples
v Catalysis definition of architecture
v Specifying architectural styles using OCL
v Generating architectural styles using Frameworks
v Specifying architectural styles with Stereotypes
Specifying component architectural styles
v' Components, ports, connectors and assemblies
v’ Static assemblies
v" Dynamic assemblies
Realizing component architectural styles
v The CORBA component model
Conclusion
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Type of an Object: Multiple (Inter)Faces

@u

! I Plug” into new service

What Type? What Type?

Guest
Airline check baggage do check in Hotel
board order room service
deplane do check out

v" Object or component plays different roles

v" It offers multiple interfaces, and is seen as different types

v Benefits to the airline, hotel: less coupling, more “pluggability”

v Benefits to person: easier to adapt to “plug” into a bigger system

www.catalysis.org



Types: JavaBeans, COM+, Corba, ...

Interface Guest {

}

doCheckin ();
orderRoomService();
doCheckOut ();

Interface Passenger {

}

checkBaggage ();
board ();
deplane ();

Passenger

class Both
Implements Guest, Passenger {

/[ implementation ....

}

www.catalysis.org I



What is a Component?

A package of software that is independently developed, and that
defines interfaces for services it provides and for services it requires.

Individual component boundaries

B ~ Assembled component with external interfaces

v External interface totally separated from internal design and implementation
v Implementation written in terms of interfaces of other components
v'Package can include executable, interface, specs, models, tests, docs, ...

www.catalysis.org 8



The “Black-Box” Component

Thingami

frob (Thing, int)
Thing fritz(int)

Editor

spel| Check() -'_,-, Nuclear Reactor Core
Iaa;):joult() add (ControlRod, int)
del EE| ee}nm:r:lt(( '. '. ')) ControlRod remove(int)

= Signhatures are not enough to define widely-used components

= Two choices: either “plug-n-pray”, or ...
s Use better specifications that are both:
v abstract: apply to any implementation
v’ precise: accurately cover all necessary expectations

www.catalysis.org



Model-Based Type Specification

Editor <<type>>

v' Type described by list of
operations

contents
= Element
preferredSize|,
position
dictionary . T :
.| Word Composite

v All operations specified in
terms of a type model

v" The Type Model defines
specification terms
(vocabulary) that must
somehow be known to any
implementation

spellCheck() ————

layout()
addEl emeN
delELement(...)

— ' every word in contentsis correct
by the dictionary

— |  every element has been positioned so that

|ts preferred size can be accommodated

www.catalysis.org 10



But, What about Encapsulation?

Encapsulation is about hiding implementation decisions
It does not make sense to hide interfaces

And interfaces always imply expected behavior as well

v" This is what polymorphism is all about

Hence, specify a minimal model of any implementation

www.catalysis.org
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Formalizing Operation Specs

Editor:: spellCheck ()
post // every word in contents
contents->forAll (w: Word |
// has a matching entry in the dictionary
dictionary->exists (dw: Word | dw.matches(w)))

= Operation specification can be formalized
v" OCL (Object Constraint Language)

v" Checked, used for refinements, testing, change propagation, ...

www.catalysis.org
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Outline

Precise component specifications in UML
v Interfaces

Refinement
v' Component implementation refines spec

What is Software Architecture?
v" Common definitions and examples
v’ Catalysis definition of architecture
v Specifying architectural styles using OCL
v Generating architectural styles using Frameworks
v Specifying architectural styles with Stereotypes

Specifying component architectural styles
v' Components, ports, connectors and assemblies
v’ Static assemblies
v" Dynamic assemblies
Realizing component architectural styles
v The CORBA component model

Conclusion

www.catalysis.org
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Component-Based Design

internal design in a separate
package from the specification

Editor \

spellCheck() | 1.
layout() <}

addElement(...)
delELement(...)

Editor Internal Design

dictionary

next word
replace word

spell Check()

\

maximum size
resize
children

A\

\
Words

v Large component is a type for its external clients

v Implement it as collaboration of other components
v’ Specify these other components as types
v The child component models must map to the original model

www.catalysis.org 14




Each Component implements many Types

mmmm——n- ®— EditorCorel—@--------- :
| SC LM |
Spell-Checker v \Z
SpellCheckable L ayoutable
> =q”* Elem
Word Sze
curr
descendants *
next word maximum Size
replace word resize
children

v'Components offer different interfaces to each other
v Each interface has a different supporting model
v The implementation refines each interface spec

L ayout Manager

_O_
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Component Implementation

class EditorCoreClass implements SpellCheckable, Layoutable {

// store a tree of all elements — graphics, words, characters, tables, etc.
private ElementTree contents;

// this iterator traverses all elements in the contents tree in depth-first order
private DepthFirstiterator elementlterator = contents.root();

// this iterator only visits Word elements, ignoring others
private Wordlterator spellPosition = new WordFilter (elementlterator);

// return the “next” word in the tree
public Word nextWord () {
Word w = spellPosition.word();
spellPosition.next();
return w;

}

// replace the last visited word with the replacement
public void replaceWord (Word replacement) {

spellPostion.replaceBefore (replacement);
}

} www.catalysis.org 16



Class refines Interface

Spell Checkable

words seq *

Word

next Word
replace Word

“abstraction function” or “retrieval”

words = A

contents.asDepthFirstSequence -> select (e | e.isKindOf (Word)) |~ refinement

contents

para-1  table

EditorCore <<class>>

word 1// rowl/ro\vv2

/

figl \ fig2
word?2  word3

m Abstraction function “retrieves” abstract model attributes

www.catalysis.org
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Implementation: Refinement + Retrieval

Interface |)] -
A
retrieval
Implementation |~ - maps from implementation

to interface

m A class implements an interface
v" The interface defines its own model and behavior spec
v" The class selects its own data and code implementation

m The class is a refinement of the type
v It claims to meet the behavior guarantees of the type for any client
v Aretrieval (informal or formal) can support the claim
v Implemented abstract queries (formal) can be used for testing

m  One abstraction function for each specification attribute
v Specification types must be implemented as adapter for this test harness

v' The pre/post conditions can then be executed as part of the code
www.catalysis.org 18



The Power of Refinement

m The notion of refinement and retrieval is very useful
v It permits flexible mapping between from realization to specification
v It solves a very real problem:

v “I have just made some change to my code. Do | have to update my
design models? Do | have to update my analysis models?”

m Pick abstract model to conveniently express client spec
v' Implementation model must have correct mapping to the abstract
v Encapsulates implementation without hiding specified behavior

m Even more powerful with temporal (action) refinement
v" The abstract level describes an abstract action
v" The concrete level details an interaction sequence
v' The retrieval establishes the mapping between the two

www.catalysis.org
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Subtypes and Refinements

m Sub-types refine (and retain) guarantees made by super-types
v" The concrete implements, and can retrieve to, the abstract
v" Any sub-type implementation meets all super-type guarantees
v" Clients remain blissfully unaware of any change

= Here is a common refinement: is it a sub-type?

Editor-1-Step

delete (Shape)

\\

\\ refine the protocol

\

\
|

Editor-2-Step

select (Shape)
deleteSelection()

www.catalysis.org 20



Refined Models and “Retrieval”

—_——-
-
~

contents, g,= Unselected, 4, + selected, g,

Select, 4, (S) + deleteSelection, g, () => delete; g (9)

contents
Editor-1-Step % | Shape
delete (Shape)
notSelected
: 0,1 *

EdltOf-Z-Step Shape

0,1 01
select (Shape) sel ected
deleteSelection()

-
-

m Finer grained interactions induce a finer grained model

m Retrieve: Define abstract query in terms of refined model
v Define refined sequences that achieve each abstract action

m Still, this is not a sub-type

www.catalysis.org 21



Validity Rules

The existence of a retrieval function or a state model does not

guarantee a valid refinement (although it is a great start).The following
conditions must also be checked:

Subtype

v' whenever an abstract operation is applicable, so is its realization

v’ for any initial state, the retrieval of the final realization state after the
realization operation occurs satisfies the postcondition of the
specification

Collaboration Refinement

v' whenever the abstract action is applicable, there is a path through
the state model (sequence of realization actions) from the initial
state to the final state such that the effect of the realization action
sequence satisfies the specification action postcondition

www.catalysis.org 22



Refinement kind determines Test harness

e
7
pre ... - i prer_ (debug phase)
pOSt... pOSt... test harness

m Different test strategies for different refinement kinds
v’ pre/post instrumentation
v sequence of actions, covering success and exceptions paths
v hardware test structures with mapping to deployment hardware

m Link to systematic test generation

www.catalysis.org 23



Section Summary - Components

e

m Interface centric, collaboration patterns
s Symmetrical, precise, black box views

s Refinement - separate interface from
Implementation

www.catalysis.org
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Outline

Precise component specifications in UML
v Interfaces

Refinement
v' Component implementation refines spec

What is Software Architecture?
v' Common definitions and examples
v Catalysis definition of architecture
v' Specifying architectural styles using OCL
v' Generating architectural styles using Frameworks
v Specifying architectural styles with Stereotypes

Specifying component architectural styles
v' Components, ports, connectors and assemblies
v’ Static assemblies
v Dynamic assemblies
Realizing component architectural styles
v" The CORBA component model

Conclusion

www.catalysis.org
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Business Components: Modeling Issues

2. Higher-level late-bound connectors and properties 1. Higher-level parts
... abstract the protocol, defer binding / . abstract the objects
\ Order Taker
Shipper <<event>>
PP L O Buyer
Receiver ship ordered - Order
——{Shipment /
takeOrder (info) \
ship (shipment, receiver)| orderStatus (...)
shippingStatus (order) cancel (...)
<<output>> ordered 4. Precise interfaces

3. Separate views for flexible use (can ship to any receiver) for 3rd assembly

- must integrate in conceptual models
- must integrate data in implementation

- shared objects with multiple interfaces \ Integrated business model
- federated data + cross-component links Customer |

L |

www.catalysis.org 26



Components demand Architecture
Standards

m For separately built components to work together they must share...
synchronous? event? work-flow?
m Standard “horizontal” infrastructure services and interfaces
v/ transactions, security, errors, directory, interface repository...

v OMG, Microsoft rapidly defining many global “standards”
m Standard “vertical” models of domain concepts .
v" What is a “Customer”, “Phone Call”, “Order”, etc. .
v components must talk the same “domain language” -
v" OMG defines “Vertical” architectures standards as well
m Standard “connector” mechanisms between components

v" Synchronous / asynchronous message, event, workflow, mObI|G code
v Location transparency: CORBA, DCOM L

oy
1/

What is customer,
phone call...?

www.catalysis.org 27



What Architecture Isn’t

A neat drawing of boxes, circles,
lines etc. laid out nicely in PowerPoint
is NOT an architecture

Are A-E objects, modules, libraries or processes?
Are A-D similar, E different?
What do lines between blocks mean: interprocess communication, data flow?

How would you determine if an implemented system conformed to this architecture?

www.catalysis.org 28



A Conventional Definition of Architecture

= The architecture of a system consists of
v' the structure of its parts
v’ (includes design-time and run-time, hardware and software)
v' the nature and relevant externally visible properties of those parts
v (modules with interfaces, hardware units, objects)
v' the relationships and constraints between them

lvar Jacobsen (Component Strategies 1999)
“Architecture is about everything, but it isn’t everything.”

www.catalysis.org 29



4+1 Views of Architecture
(Kruchten 1996)

Logical view Process view
decomposition of domain functionality processes and interactions
Use case view (+1)
Key use cases and scenarios
|mplementation view Deployment view
organization of development-time elements organization of run-time elements

IEEE Architecture Definition (1999) is a generalization
above views can be further subdivided e.g. calls, uses, physical etc.

www.catalysis.org 30



Examples of “Architecture”

s Coding rules
s Hardware (physical) architecture

n Ul style
v' e.g. navigate a 1-* association as a master-slave list box

s Java Beans

= Design patterns
v" e.g. all object creation via factories

m Persistence approach

www.catalysis.org 31



Coding rules

m €.g. canonical form in C++
v every class must define
v'a parameter-less constructor
v'a copy constructor
v’an assignment operator
v'a (virtual) destructor

= ban gotos

www.catalysis.org
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Hardware architecture




Java Beans example

dider < =

position ~~ _ _
_~-property
limit _---"~
value in
Thermometer O Threshold
out

inl. out In
TW
mer— radient out
input method mr;o?wmw]

A static assembly of beans

www.catalysis.org 34



Application
Objects

RDBMS Mapping Outline

-«—Chasm
Crossing
Relational
Database
s OOD class m Table
= Object =Row in table
= Object-ID = Primary key

= Primitive attribute

= Object attribute (single-valued)
= Set-valued attribute

= Many-to-many association

= Polymorphism

= Subtype

= Column in row
mForeign key
mReverse foreign key + join
m Associative table (normalize)
= NO counterpart
= Many options
v Collapse to 1 table

v Multiple taples +iins, 35




Section Summary - Architecture

m ... limiting needless creativity

s Wide range:

0% (cowboy).......covveeiein... 100% (compiler)

m Architecture defines / uses specific constructs,
language, patterns, rules

m Architecture definition shared across projects

www.catalysis.org 36



Outline

Precise component specifications in UML
v Interfaces

Refinement
v' Component implementation refines spec

What is Software Architecture?
v' Common definitions and examples
v' Catalysis definition of architecture
v Specifying architectural styles using OCL
v' Generating architectural styles using Frameworks
v Specifying architectural styles with Stereotypes
Specifying component architectural styles
v' Components, ports, connectors and assemblies
v’ Static assemblies
v" Dynamic assemblies

Realizing component architectural styles
v" The CORBA component model

Conclusion

www.catalysis.org
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What Is the intent of “Architecture”

The set of design decisions, rules, or patterns about
any system that keep its designers from exercising
needless creativity

- Desmond D’'Souza

e Itisnot just about any specific size, scale, domain, or infrastructure

» Can range from “3-tier C/S’ to “use Corba OTS’ to “get/set method names’
 Includes ways of defining, structuring, packaging, and sharing services
 Should often be made precise using an appropriate formalism

www.catalysis.org 38



Is This an “Architecture”?

slider
e
position
pressed — <<prop>>
<<prop>> limit
<<event>>

<<physical>> value in

Thermometer O

Threshold

reactor
out

; _ radient
| Differentiator Ig_oﬂ Threshold I

= This is an abstract view of the implementation
v' it uses the language of properties, events, methods
v' ... and of connectors between these “connection points”
v it maps to corresponding patterns in the Java code
m This is an instance of the Java Beans style: design + code

= This cannot be done (effectively, cleanly, precisely, ...) in UML

www.catalysis.org 39



Architecture as View based on Style

| L

Archltecture Style = Language Constructs + Rules |Func-Req Style

T ]

N\

<<instance>

[}
[}
EV ant | Dronartys / N hiact | Dalatinnal _ Eiinctinnal

Architecture = Abstraction or View covering some concerns ew

v <<reﬁ:ne>> <<reﬁhe>> /,/V
mapping mapping <sréfine>>
' : ,-~~ mapping

<<refine>»
mapping °

\\\\ //
Full Implementation

Source Code, Database Definitions,
Modules, Hardware, Distribution, ...

www.catalysis.org 40



Architecture and “Style” in Catalysis

Architecture Style
(design elements, rules, constraits)

<

» Range of options for “conformance”
o Fully defined trandlation (compiler)
o Completely ad-hoc (or “creative”)
» Some defined rules and constraints

== <<conforpns:

specification

<<refines>>

 Architecture style defined in separate package

 In general, realization refines specification in a
way that confor ms to the architecture style

« Style constrains realization and/or refinement

www.catalysis.org




“Realization” Architectural Style

m Arealization architectural style defines a set of realizations
v Just as an object type defines a set of objects
v" Think of it as architectural type, similar to an object type

m The aspects of a realization that are relevant to deciding whether or not
it conforms to a style is called its architecture

v’ e.g. style constraint = upper bound on McCabe complexity implies
architecture = flowgraph

v" style constraint = Law of Demeter implies
architecture = callgraph

= An architecture conforms to a style if it is a valid “instance of” that style

m A style is documented as a collection of (possibly formal) constraints.

www.catalysis.org 42



Conform vs. Refine : Form vs. Meaning

Physical Process Architecture styles constrain the form
Architecture Architecture of the architecture models and designs
Style Style
<<conforms>> <<cgnforms>>
Specification
Physical Process
Architecture Architecture |
o <<refine>>
<<r Efl e >>
<<refine
Design
Specification and architecture models

constrain the meaning of a design

www.catalysis.org 43



Checking refinement vs. conformance

buy coufse ($)
Company
funds

Client ti me of topic expert
funds |
know-how mAttri butes used by action

. / Refinement model /

$=

Client know-how =

Post: Fundstransferred, skills transferred, resource used Refinement model,

text or diagrams

...Instructor, qual, session. .-

Time of topic expert =

...Students, skills

...session, cost, ... 3233
buy course =

<schedule + deliver + pay>

(mapping) | i
Company
| nstructor
kills Admin D ‘ qualified
fee-due
/ funds Session
b date, topic
attributes codt

Checking refinement is
independent of checking
conformance to a
“realization” style

e.g. “all actions have at
most 3 participants and
are specified in OCL
consistent with the
attrlbute model”

VV. UMLMI]UIQ \Jlu BLELE



Conformance Justification

= Validity of design to architecture
v design refines architecture
= Validity of architecture to architecture style
v check that description (model snapshot) is “instance of” style
v" much easier than checking refinement (automatable?)

Client

Scheduler

Coogie’

Instructor

Accounts

Model

partcipart /.

Client
: Type

buy course
:Action

Scheduler Instructor Accounts
. Type . Type : Type

Model as a meta-level snapshot

Constraint: “No action may have more than three participant types”
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Examples

Coding rules
v' realization is code

v" rules are defined in a package that imports the language definition
package, can be formalized as OCL “meta” constraints

Physical architecture
v' realization is deployed system
v" rules are constraints on nodes and their properties

GOF design patterns and Ul architecture can both be formalized using
frameworks

Java Beans style (ports and connectors) is an example of a component
architecture style and is again defined using frameworks

www.catalysis.org 46



Tiered Architectures

[ ]
The Ul spec doesn't Business model al business
import business model. _/_’_,_,.JOQIC is handled
So the GUI is domain- "7 bytheserver
independent. . <<refipes>>
Ul specification Server specification

—

Client - Server
system specification

m 3-tier, 4-tier are similar
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“Refinement” Architectural Style

I
“Realization”
Architectural 3 Specification
Dl > “Refinement”
S1, SS, .- Architectural
— - / A\ Style
AN T
i <<refine>>!
<<conforms>> <<conforms>>>

“Plain” architectural style

constrains theform o;f
description of the redlization

realization

constrains the form of the

as well as refinement mapping

www.catalysis.org
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refinement, covering realization

e.g. it dictates realization of s2
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Refinement Vs. Realization Sty@>

s Refinement Architectural Style:
v “Anyplace 2 attributes have to be in sync, use...”

v’ Sty

v’ Sty

v’ Sty

el:“.. 2co
e?2:“..1co
e 3:“..1co

nies with update protocol”
oy in shared memory”

oy and query for the other”

s Realization Architectural Style
v “2 copies with update” is a pre-defined construct

m Realization style Is just a special case of refinement

style
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Section Summary - Architecture in Catalysis

Architecture Style = Language Constructs + Rules

. . : . : Style
Style can constrain the refinement i.e. how spec is realized /

N\

<<instance>

[}
[}
E\lnnf | Droanartys / N hiact | Dalatinnal _ Eiinctinnal

Architecture = Abstraction or View covering some concerns |

s

o 2 & Y

<<refiné§> <<refine>> <<ref|pe>>
m \ ] mapping <<refine>>
. . mapping . <5
applng \\‘ ! 1 ,,’ nlapplng

Full Implementation
Source Code, Database Definitions,
Modules, Hardware, Distribution, ...
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Outline

Precise component specifications in UML
v Interfaces

Refinement
v' Component implementation refines spec

What is Software Architecture?
v' Common definitions and examples
v Catalysis definition of architecture
v' Specifying architectural styles using OCL
v Generating architectural styles using Frameworks
v Specifying architectural styles with Stereotypes
Specifying component architectural styles
v' Components, ports, connectors and assemblies
v’ Static assemblies
v" Dynamic assemblies

Realizing component architectural styles
v The CORBA component model

Conclusion

www.catalysis.org
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Formalization of Examples in OCL

multiple inheritance is not permitted
OclType.allinstances->forAll(T | T.supertypes->size<=1)

no type should introduce more than 20 new operations
OclType::inv
(operations-supertypes.operations)->size<=20

no operation should have more than 5 parameters
Operation::inv parameters->size<=5

multiple inheritance OK, unless feature name clashes

OclType::inv
supertypes.operations = supertypes.operations->asSet

Law of Demeter

www.catalysis.org
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Elements + rules

Style
Rules Collection Library
eany unsorted collection of variable,
unbounded size is represented by a Vector WSO vieeer
«all collection traversal is done using lterators
ad ol

Realization Context

Justification of

Conformance
to Rules .
\ Realization

--------- - Constrains the realization

OK

www.catalysis.org

Does not constrain realization -
arealization which uses none of
the Collection Library classesis
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Outline

Precise component specifications in UML
v Interfaces

Refinement
v' Component implementation refines spec

What is Software Architecture?

v' Common definitions and examples

v Catalysis definition of architecture

v Specifying architectural styles using OCL

v' Generative architectural styles using Frameworks

v Specifying architectural styles with Stereotypes
Specifying component architectural styles

v' Components, ports, connectors and assemblies

v’ Static assemblies

v" Dynamic assemblies

Realizing component architectural styles
v The CORBA component model

Conclusion

www.catalysis.org
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Frameworks

m generic models with placeholders

m generate a realization that conforms to an
architectural style

m a collection of frameworks defines an architectural
style generatively

m a realization conforms to the architectural style If it
can be derived by applying the frameworks in the
style to the specification model.

m NO need to check if realization conforms to
architectural style.
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Framework Concept at All Levels

Business Framework

y 4
Reservations
resource owner

book library

de o

room hotel

de o

Ul Framework

abstract

reservations

Technical Framework

Event Broadcast
event method

returned notify member

checked out clean room

Multiple frameworks used in any app

A A
o Event Broadcast o Event Broadcast

W | ot '

Hotel System
www.catalysis.org 56




Frameworks Generate Architectures

m E.g. object-relational mapping tells you how to
design DB, not just how to check that DB conforms
to object model

v’ can also generate object model from existing
relational design (e.g. legacy DB)
s Multiple inheritance disallowed is not generative

v but a constructive transformation rule that maps
multiple inheritance to delegation, forwarding
and implementing multiple interfaces is
generative
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Factory Pattern :
Generative Aspects

placeholder

Factory generaf?d factory class, make methods

<Abstract>Factory

<Abstract>

make<Abstracxt>(): <Abstract>

post
<Abstract>.new = Set { result }

<Concrete>

<Concrete>Factory

make<Abstract>(): <Concrete>
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Applying Factory Framework

[ ]
Factory
Thread Management
NT Thread Thread J Solaris Thread
N 7! X 4
. Concrete Abstract Abstract Canhcrete

- -~

~o

Factory )
- Factory )

\
\ \ II
\
\
s
/
[} e
\
\ /
o (
~ - \
S~<_ o _=-
______________ \\\ -
S~<o —”’

Import with substitution
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The Model is Automatically Generated

Thread Management

NT Thread

Thread

AN

<Thread>
Factory

<NT Thread>
Factory

makeThread():
NT Thread

makeThread():
Thread

post
Thread.new

= Set {result }

Solaris Thread

<Solaris
Thread>
Factory

makeThread():

Solaris Thread

www.catalysis.org
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Factory Pattern :
Non-Generative Aspects

Factory

<Abstract>Factory

factor :
< y Client

make<Abstract>(): <Abstract>

post
<Abstract>.new = Set { result }

non-gener ative constraint
whenever a new object has been created, it
was as aresult of a make method
Invocation on afactory object

<Concrete>Factory Non-generative OCL formalization:

inv effect Client::
<Abstract>.new = [[->factory.make<Abstract>]]

make<Abstract>(): <Concrete>

Constraint can be enforced by translating every new <Concrete> into factory.make<Abstract>
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Model Frameworks - Generic Models

y 4
allocate resources Generic model, design, or code

to jobsif resource /

capability meetsjobreq ...

generalize

room Session time lot
"‘ plugin VE

v A generic model / design / implementation component whose
v’ Defines the broad generic structure and behavior
v Provides plug-points for adaptation
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A Complete Seminar Business Model

v" Built by specializing three different pre-existing model frameworks

Seminar Business

RoomFacility

CopyCenter
\ producer
I nstructor SKill

capablllt)\ - requ r_em i Capymty * skills

< ResourceAIloc € ResourceAIIoc )

_ e o o=

r&eourc‘(/ - /T TTT Certification
Room Seminar Session - certs
when: DateRange resourc
-——— /ﬁhcatlon | nstructor
¢ CustomerTrends\ . - .
_____ inv capability == certs.skills
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Observer Pattern as a Framework

Subject - Observer

<Subj ect> obs
S State sub . | . <Observer>
inv effect s<>s@pre=> ISProj ection(Subject): boolean
obs->for All (o |
[[obs.update()]])
update()
register(Observer) post: isProjection(sub)
unregister(Observer)

externally: subject and observers always appear to bein sync
inv Subject:: obs->for All (isProjection(s))
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Applying the Observer Pattern

Power Switch Display

Power Switch

1sOn: boolean

turnOn
tur nOff

___________
-
- ~o

-
—-

| i SwitchDisplay

| isRed: boolean
et
Su_bj ect Observer update
[s/isOn] [isProjection(s)/s.isOn <=> isRed]

= The instantiation defines mappings of types, queries, actions

v" Needed to generate the instantiation, and for the “retrieval
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“Specializing” Subject-Observer

Observation

TextDisplay
TextBuffer TextWindow
contents: Text display
queryText() showText
ISProjection == is text the same?

AN

Power-Switch Display

Power Switch

1SOn: boolean

querySate()

SwitchDisplay
ISRed: boolean

setColor

IsProjection == sw.isOn <=> disp.isRed

<

= Do not confuse this with subtype or subclass
v The entire family of related types (playing roles) is specialized
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Provisos

m constraints on the applicability of a framework
m defines constraints on valid substitutions

inv T:: T->forAll(t | eq(t) implies t.eq(self))
-- symmetric
-- transitive

Equa“ty Copy
T provided T
eq(T):Bool Equal|ty»> eq(T):Bool
: : copy():T
inv T:: eq(self) -- reflexive

T::copy(): T

and result.eq(self)
and not result=self

post T.new->includes(result)

generates
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Frameworks for object-relational mapping

“precondition” for applying this framework

1-Many Asso;:&éion Mapping
provided
A B
*
generates
<B>Table <A>Table
<<fK[<A>Table]>> <<pK>>id : <A>Ild
a:<A>ld
syntax \

Stereotypes for foreign and primary keys are defined later
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Frameworks for object-relational mggping

“precondition” for applying this framework [ <§pK>>
Supertype Mappiﬂg// <<fkK>>
fovided Sub Super Stereotypes similarly

generates

<Sub>Table <Super>Table

<<fK[<Super>Table]>>
super : <Super>ld

<<pK>>id : <Super>Id

<Sub>Table::inv (<Sub>Table - {self}).super->excludes(super)

4|> defined as fram:d

pWorks
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“Compilers”

Specification _
(Source Code) Compiler
obj = f (source)
<<refine>> <<W
Realization
(Object Code)

= a compiler is the most restrictive form of architecture that is useful
v the compiler generates a unique realization from the specification

= a compiler is a mapping from specifications to realizations
v a compiler is correct if generated realization is always a refinement
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Limitations of generativity -
OCL at meta-level

= Not all architectural styles can be defined generatively with frameworks
v" inheritance hierarchies should be no more than five levels deep

s Language translation (e.g. compilation)
v cannot be conveniently defined using framework applications

= In most cases, can only generate part of a realization. Part of it must be
handcrafted and then we must check that no constraints are violated.
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Outline

Precise component specifications in UML
v Interfaces

Refinement
v' Component implementation refines spec

What is Software Architecture?
v' Common definitions and examples
v Catalysis definition of architecture
v Specifying architectural styles using OCL
v" Generating architectural styles using Frameworks
v' Specifying architectural styles with Stereotypes

Specifying component architectural styles
v' Components, ports, connectors and assemblies
v’ Static assemblies
v" Dynamic assemblies
Realizing component architectural styles
v The CORBA component model

Conclusion

www.catalysis.org

72



Stereotypes in Catalysis

UML language extension mechanism
syntactic sugar for frameworks

stereotype vs. framework
v" technical difference

v stereotype focussed on a single model element - substitutions of
other elements inferred implicitly from context

v framework explicitly substitutes all parameters
v conceptual distinction
v stereotypes encourage meta-model extension
v frameworks define a generic library in an existing language

e.g. defining Java Beans language
v' new elements - beans, events, properties etc.
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A Stereotype Definition - UML Composition
[

) aggregate
composite
generates
<<aggregate>>composite
Whole ggred P " Part
B::inv effect

-- the lifetime of a part is subsumed by the lifetime of its composite
b.composite = b.composite@pre

syntax
Whole ‘ Part

<<composite>>
or... Wh0|e p Part
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A Stereotype Use = Framework Application

Graphical Editor

owner .
Polygon * | Point
<<composite>>
Graphical Editor < composite
- = /// _________ T
compesite L i
owner _ & |
Polygon * | Point k- Part i
“Whole i
\\ I
\\ I
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Relational Stereotypes

<<Table>>, <<primaryKey>>, .....
fK[Table2]
provided
A B
generates
<<Table>>T1 <<Table>>T2
fK[T2] : A <<pK>>Dh:B

T1::inv T2.allinstances.b->includes(fK[T2])
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Section Summary - Generative Architecture
m Architectural style defines language and rules for

valid realizations of some specification
v’ Style = Set of <spec, realization, refinement>

m Style either defined as constraint or “generative”
m Generative style = construct + its realization pattern
s Frameworks capture any model pattern

v Framework is a package
v’ Pattern application is import + substitute
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Outline

Precise component specifications in UML
v Interfaces

Refinement
v" Component implementation refines spec

What is Software Architecture?
v' Common definitions and examples
v Catalysis definition of architecture
v Specifying architectural styles using OCL
v' Generating architectural styles using Frameworks
v' Specifying architectural styles with Stereotypes

Specifying component architectural styles
v' Components, ports, connectors and assemblies
v’ Static assemblies
v Dynamic assemblies
Realizing component architectural styles
v" The CORBA component model

Conclusion
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Components in UML

Components interact via clearly specified interfaces

IPlckup |
Inte rfaCe/W;rehouse | @<
. |Delivery yar
v \\\ ,', 1 *
. \\\ //, A

Supplier * Ty

Focus on interfaces
- precise external behavior (provided + required)
- all implementation aspects completely hidden
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AN NI NI N NI

Component Terminology

Component: Software chunk that can be “plugged” together with others

Connector: A coupling between ports of two components

Port: The “plugs” and “sockets” of an individual component

Component Architecture Style: (a) Standard port “connector” types and rules

Component Infrastructure: (b) Standard services for components and connectors

Component Kit: Components designed to work together with common architecture

compou%<connector types\

mterface “ports”

www.catalysis.org 80



Outline

Precise component specifications in UML
v Interfaces

Refinement
v' Component implementation refines spec

What is Software Architecture?
v" Common definitions and examples
v Catalysis definition of architecture
v Specifying architectural styles using OCL
v Generating architectural styles using Frameworks
v Specifying architectural styles with Stereotypes

Specifying component architectural styles
v' Components, ports, connectors and assemblies
v’ Static assemblies
v" Dynamic assemblies
Realizing component architectural styles
v The CORBA component model

Conclusion
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Component assembly - specification

Contact
Dhatahase

CoRtent Text Field [rereel

affser \
COecT

: Confens
fisrory . )
lext Viewer
Hl.."l:'l:'l]'l.j ] — Scrollb:
_ Contact Serollbar
Sclecigr [ B ecord ConieEns
A : '-'-.'—'.-'-'PE—} Text Field
O CEErre i |!'-|'|'|I
ir Lo en e L B s
fii- ik Iy Il Checkbox

{ Button )

inv checkbox.state = contactRecord.hi-priority

inv textField.content = contactRecord.currentCall

inv_effect textField.content changed implies recordSelector.searchName = textField.content
inv_effect button hit implies recordSelector committed

Can check that overall behavior is correct uncluttered by connector implementation details
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Component assembly - code generation

Port code:

get/set methods for properties
e.g. CheckBox { getState(): bool ean, set State(bool ean),

registration and de-registration methods for events and output properties
e.g.Button { registerH tHandl er(H tHandler), . . . . }

code to check for event conditions and generate events

code to check for and signal property changes

Connector code:

adapters to enable events to trigger method invocations
e.g. Recor dSel ect or Hi t Adapter i nplenents HitHandl er

{ handleHi t() { recordSelector.commt(); } }

Configuration code:
code to create component and adapter instances and register them appropriately
e.g. b = new Button(); rs = new RecordSel ector();
rsha = new RecordSel ectorH t Adapter(rs);
b. regi sterH t Handl er (r sha)
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Property connectors: 2-way and 1-way

Connector specifications

e

Event connectors:

a

x>z and X<=z@ pre

inva.x=>hb.y

Inv_effect a.x <>a.x@pre
Implies b.y.equals(a.x)

y=y@pre+l

(E)
B

inv_effect a.x>a.z and a.x<=a.z@pre implies b.y=b.y@pre+1l
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Snapshot connector frameworks

Bidirectional Property Connector

provided A B
XX T S ‘Equality>
S o
generates inv
A B b.y.equals(a.x)
a b

syntax
a:A b:B
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Connector refinements

The 2P connector can be realized as 2 1P connectors:

since
2 @ Inv_effect a.x <>a.x@pre implies b.y.equals(a.x)
d X @ b | and

inv effect b.y <>b.y@pre implies a.x.equals(b.y)

implies inv a.x.equals(b.y)

Many alternative realizations e.g. sharing since a.x=b.y

a X| O [y b | implies a.x.equals(b.y)

The 1P connector can be realized as an E connector:

X<>x@pre — Y.equals(a.x)
a /@ b
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Outline

Precise component specifications in UML
v' Interfaces

Refinement
v' Component implementation refines spec

What is Software Architecture?
v" Common definitions and examples
v’ Catalysis definition of architecture
v Specifying architectural styles using OCL
v Generating architectural styles using Frameworks
v Specifying architectural styles with Stereotypes

Specifying component architectural styles
v' Components, ports, connectors and assemblies
v Static assemblies
v Dynamic assemblies
Realizing component architectural styles
v The CORBA component model

Conclusion
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Objectifying Ports and Connectors

Connector
Component N Port N | connector
+ actions to connect, disconnect ports etc.
e.g. a X @ Y—
connector “port 7T~ component
means X -
a 1p b |-

A directional connector is a specialization of a connector which has two ports,
and distinguishes them as source and sink.

Need to objectify ports and connectors to specify dynamically evolving assemblies
- e.g. registration and de-registration may be triggered by events or property changes
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Attribute/Prope

Ports

Person
3 basic varieties:
e input/output port has get and set Salary: $ <<iop>>
e input port has set only, output port has get only
_ <Salary>port
Ports are defined and used as stereotypes e.g. P
InOutPropPort<$>
Input/ouptut property
Component InOutPropPort<T>
. value : T
op: T <iop>port
L set (t: T) post value =t
Inv iop = <iop>port.value get (): T post result = value

syntax ... <<iop>> ...

Other possibilities e.g. constrained input port has set with a precondition
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Attribute/Property Connectors

Bi-directional Property Connector

provided

~
~

generates

_-

-

\\
-~ -

BiProp ,Cénnector
Conn<X>

{ connector |

~
Nz
><

)

|IOPropPort<X>

Port-.|

value: X

inv_BiPropConn<X>:: -- all ports always have the same value
ports->forAll(portl, port2 | portl.value.equals(port2.value)

A simple bi-directional property connector always keeps a collection of input/output

property ports in synch:

« when any property changes, all the connected properties change to stay in synch
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Applying Port / Connector at TypeT_*>

- -~

Property ,:’ S

T .connector <~
a: X <<iop>> b: X <<iop>>
X
InPropPort<X>
<a>port I S— <b>port
~ connector
_______ [

BiPropConnector<X>
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Snapshot connector frameworks

Bi-directional Property Connector

provided A B

<<iop>>x:T i _
IOP>>Y T (- (Equality

__________________________________________________________________________________________________________________________

——————————————————————————————

generates inv

A B b.<y>port.connector
a b =a.<x>port.connector

.
M b:B This implies that

b.y.equals(a.x)
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Attribute/Property Connectors

Unidirectional Property Connector

- -
=<

provided o — | e {Equality )

-
- -

~~ -

- -

generates ] s

//
e d
e

. connector . |OutPropPort<O>

-

UniProp |« —— .
Conn<l, O> Connector | Source

Sink value: O
\ 4

InPropPort<I>

value: |

inv_effect UniPropConn<X>:: -- whenever source changes, sink matches it
source.value<>source.value@pre implies sink.value.equals(source.value)

The unidirectional connector guarantees that properties are kept in synch in one direction only.

If the sink value can change independently, it may, at times, be out of synch with the source value.
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Constrained Property Connector

Constrained Property Connector

ConPropPort<|>

generates N
Mnidirectional,
1 property N
ConProp | Ceanector<LO>
Conn<l|, O> ST InProp 4
Conn<I,0> Port<|>

agree(O): Boolean

inv_effect UniPropConn<X>:: -- sink must agree to any change in the source
source.value<>source.value@pre implies sink.agree(source.value)

The constrained property connector is a specialization of the unidirectional property
connector, in which the sink can veto a change to the source value.
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Event Ports

2 varieties - output event ports that generate events, input event ports that handle them

output event

Component OutEventPort
effect oe <oe>port
post <oe>port.e effect e

An effect is a named state change.
Events are always generated as a result of state changes.
An input event port is an adapter for an operation on the component.

An output event port realization will include registration/de-registration operations.
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Event connector

Event Connector

generates

Event
Conn

‘/

inv effect EventConn:;

- ~<_

dlrectlonal
connectqr \ InEventPort
Connector | I Sink:
'S
fBeLies op()
OutEventPort
effect e

-- whenever event occurs, operation is invoked
source.e implies [[sink.op()]]

Generalizations are possible for parameterized events and operations.
The event connector is then parameterized by the number and type of parameters.
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Section Summary - Component
Architecture

- ®
|

Connectors couple Ports (connection points) of Components
v Connector abstracts interaction protocol and intermediaries
v' Port abstracts internal structure as connection point

v" Architecture style defines set of port / connector types
Ports and connectors provide a thinking / design tool

v Implementation is considerably more complex

Dynamic assembly requires objectified port / connector
v" Alternately, some form of reflective access to components

Frameworks provide succinct application of all the above
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Outline

Precise component specifications in UML
v Interfaces

Refinement
v" Component implementation refines spec

What is Software Architecture?
v" Common definitions and examples
v’ Catalysis definition of architecture
v Specifying architectural styles using OCL
v' Generating architectural styles using Frameworks
v' Specifying architectural styles with Stereotypes

Specifying component architectural styles
v' Components, ports, connectors and assemblies
v Static assemblies
v" Dynamic assemblies
Realizing component architectural styles
v' The CORBA component model

Conclusion
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CORBA component model

Components

Ports
v events sources and sinks - uses cookies instead of object-ids
v’ attributes (properties)
v’ facets - provided interfaces
v’ receptacles - required interfaces

Connectors
v event emission and consumption (unicast) - static assembly
v event publication and subscription (multicast) - dynamic assembly
v’ facet and receptacle connection
v' varieties of attribute connection

Homes - component managers
Services - transactions, persistence, security etc.
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Facet/Receptacle Ports and Connector

a b inv ar=b.f

Facets as role objects:

shared staie

Each role (facet) is an observer of the shared state
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Events CCM realization

_Interface generation

Parameterized event input port

output event
- channel<oe>
<<Component>> C (Cookie) . . <oe>
Y+ Consumer
*
<oe>

subscri be<oé>
( inec: <oe>Consumer ) : Cookie

post channel<oe>(result) = Set {ec }

unsubscribe<oe>
(inc: Cookie) : <oe>Consumer
pre channel<oe>(c)->notEmpty

post channel<oe>(c)->isEmpty
and result=channel <published>(c) @pre

specification generation
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CCM Homes

Homes manage sets of components - they include

factory methods and methods to find components
Home by primary key

Home <<Compt>>C

create(): <Component>
post <Component>.new
= Set { result }

inv Home:: -- components are managed by exactly one home
Home.alll nstances->excluding(self).managedComponents
->intersect(self.managedComponents)->isEmpty
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Transactions and Txn Policies

TXn
provided r i
S:S ‘ Equality
Txn():Bool |
generates
operation T::Txn(): Bool
post result = false implies s.equals(s@pre)

Policies: transaction required, transaction supported etc.
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Nested Transactions

Nested Txn
provided Parent Child2
Childl
<<txn>>m <<txn>>m2
<<txn>>m1l
generates

A state model showing the composition of m in terms of m1 and m2,
including rollback from failed invocations of m1 and m2

*Reifications of invocations of m, m1 and m2 as objects, with
Boolean attribute, success

sInvariants relating the success of the m1, m2 to success of m

www.catalysis.org 104



Styles Vs. Style Implementations

snapshot frameworks

Compt Arch Style Spec specifying ports and connectors used in my assembly
Event Port Spec| | Event Conn. Spec| [* |
> _ My Assembly Spec
X X <refine>>
A
<<pefine>>
<<§{1e>> <<refing>>
CCM A\ch Style Impl
—— —\
Event Port Def Event Conn. Def
My Assembly
Connectors are re-interpreted____-_--———----’\ Realization
according to their CCM definitions
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Section Summary - Style Realization

m An architectural style can separately define:
v Design constructs and their specification

v Corresponding implementations of those
constructs

s Development uses those style constructs to specify

v" And separately uses their implementations
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Outline

Precise component specifications in UML
v Interfaces

Refinement
v' Component implementation refines spec

What is Software Architecture?
v' Common definitions and examples
v Catalysis definition of architecture
v' Specifying architectural styles using OCL
v' Generating architectural styles using Frameworks
v Specifying architectural styles with Stereotypes

Specifying component architectural styles
v' Components, ports, connectors and assemblies
v’ Static assemblies
v Dynamic assemblies
Realizing component architectural styles
v" The CORBA component model

Conclusion
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—

__Package Structure of Specification,
Architecture Model, and Style

1
S Specification
esign —
Arch. Stvli
Defs Refinement
Arch Style
Constraints A
1 \ Refinement
—| —|
Conformance Mapping
Justification >\
]
Validity Conformance
] % Justification Justification
Architecture
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| § 33

Package Structure
of Architecture, Design and Style

Arch. Style

I

Architecture

1

Defs

I

Constraints

A

]

Conformance
Justification

]
Refinement
Arch Style
A
Refinement
1
Mapping

Design

—\

\
Validity Conformance

Justification Justification
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Conclusion

s Form vs. Meaning

v' A specification constrains the meaning of its realization

v" An architectural style constrains the form (description) of its
realization

v An architectural style may be defined relative to a specification

v’ Styles + style implementations together define a refinement
architectural style.

v Arefinement architectural style constrains the form of the
refinement mapping between a realization and a specification

v'A compiler is a special case of a refinement architectural style
that generates a unigue conforming realization
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Conclusion

= Architectural styles can be documented as:
v A set of constraints, possibly formalized using OCL
v A collection of model elements with a set of constraints on their use

v A collection of stereotype definitions, together with a constraint such
as all model elements must be a stereotype defined in the style

= A component architecture can be defined as a collection of frameworks
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