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[The Intension/Locality hierarchy] [Programming principles ]

» Rules that govern all programs in a
given “paradigm”

Nonlocal = Example: Information Hiding
Locality criterion
Local & intensional Do Ve,m,z e
patterns Member(m,c) \ Access(z,m) =
TTTTTITTTTI Intension crierion| Public(m) v Member(z,m) V Friend(z,m)
Cl
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Extensional | | | | | | m\
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3 4
Abstraction strata in software design I I I Abstraction strata in software design I I I

Amnon H. Eden, Department of Computer Science, University of Essex



Abstraction strata in software design (SEUJP-FC talk), 21 May, 2004

[Information Hiding (Cont.) ]

= In C++, information hiding is enforced
by the compiler

template <class T> class Stack {
public:
void push(T);
/]
private:
T * theStack;
int size;
}i
Stack<complex<float> > si;

int foo() {
return si.size; i
} —
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[Example: Universal base class ]
= All classes must inherit (possibly
indirectly) from class Object
Ve e
Class(c) = Inherit*(c,Object )
= For example: Smalltalk, Eiffel, Java

— — — —
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[Architectural styles ]

= Styles: A catalogue of configurations [Perry & Wolf
92, Garlan & Shaw 96]

= Each style describe —
o Types of components
o Types of connectors
o Topology (constraints on possible compositions)

= Non-locality: “Architectural designs are typically
concerned with the entire system” [Monroe et. al 97]
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[Example: Layered Architecture ]

= AKA: Abstract Machine Model

= Principles:
o Each “entity” belongs Ve F/kc{N} o
toa /ayer Layer(e):k
o Every entity may only  va,y e Depends(x,y)=
depend on modules in Layer(xz)>Layer(y)

same or lower layers
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Examples:

ISO Communication Protocols

[Layered Architecture |l ]

UNIX Operating System
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[Example: Pipes and Filters ]

m  “Each component has a set of inputs and a set of
outputs.

= “A component reads streams of data on its
inputs and produces streams of data on its
outputs.” [Garlan & Shaw 93]

+ +

P&F = — e x |

— x P&F x
[Dean & Cordy 95]
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Broker architecture

Broadcast-control
fubsystem | Subsystem

1

[Other architectural styles ]
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[Design patterns ]

= Motivation:

o A vocabulary of design decisions

o Dissemination of “good design” practices
= Definition:

o “Each pattern is a three-part rule, which
expresses a relation between a certain
context, a problem, and a solution.” [Jim
Coplien]
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Example: Recursive Composite
design pattern

Intent: “Compose objects into tree structures
to represent part-whole hierarchies.
o “treat individual objects and compositions of
objects uniformly.”

Example: Files and directories

File

-Contents  [Name

rlcon

*+ [Open()
l+Rename()|
7AN

Program |

1 [Symbolic link (Shortcut)
[ Folder |
| | Vi
\

| I | |
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Th

[Recursive Composite |

e file system:

Collaboration diagram:

e Bin

—e Desktop
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Recursive Composite I

Structure:
‘ Client }
Operation{}
Add{Component)
Remove(Companant)
GetChid(int)
Participants: ’_A_‘
Component
Leat ‘ Composite
Leaf | e
X Operation) Operation() ©-=====-f========-= 5 Operaton(:
Composﬂe AddiCompenent)
i Remove(Component)
Client GeiChild(int)

Collaborations:
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Recursive Composite
Composite, Component : CLASS
Leaves : P CLASS

Operation : SIG

(Composite, Component)€ Inherit

Vac Leaves o
(z, Component)€ Inherit

(Operation® Composite,
Operation® Component)€ Invoke
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Recursive Composite IV

[CLASS)

Solution formulated in Z: [STC

[METHOD]

ANY ==
CLASS U METHOD
RefToMany. Inherit :
CLASS «— CLASS
Member :
ANY « CLASS
Invok

METHOD < METHOD
Signature :

METHOD — SIG
®:

SIG x CLASS »» METHOD
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[Example: Strategy pattern ]

= Intent
o Let each member of a family of
algorithms vary independently from
clients that use it
= Constraints:
o input depends on the algorithm
o calculations are based on the client’s

abstraction (not using client’s
implementation or global data)
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[Strategy | ]

= Motivating example: Traffic lights controller

= Policy depends
on circumstances
o Heavy traffic
o Sensor input
o

18 %?
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[Strategy I ]

u Controller’s policies include:

o “Dumb” policy: change the green route
every 5 seconds

o Midnight policy: change to green whenever
a “sensor” detects a vehicle

o Rush hour policy: double the “green time”
in the busy route

O ...
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[Strategy vV ]

= Solution:
Encapsulate each strategy in a separate class
Context’s interface provides all necessary inputs

Strate
p—

[ Agors |
= Consequences:
Easy to add new strategy (or remove an existing one, etc.)

Easy to factor out similar strategies (using inheritance)

L
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[Strategy Vv

Solution formulated in Z:

Strategy

Context, Strategy: CLASS
ConcreteStrategies : P CLASS
Algorithm : SIG
ConteatInterface : P SIG

(Context,Strategy)€ Member

Vee ConcreteStrategies o
(c,Strategy) € Inherit

Vee ConcreteStrategies
dse ContextInterface o

| (Algorithm®c,s@ Context)€ Invoke
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[Questions

“Design” Vs. “Architecture”
o Is the difference just a matter of scale?

o Is the difference qualitative or merely
quantitative?

Language: How can we specify
architectural styles? Design patterns?
o Can we use Class Diagrams?

o Can we use other UML language?

22 ﬁ
Abstraction strata in software design I I I

[The Locality criterion

Statement ¢is local iff it is preserved
under any expansion.

Non-local statements:

o Information hiding

o Universal base class

o Layered architecture

o Pipes and Filters
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[The Locality criterion (Cont.)

Local statements:

o Recursive composite design pattern
o Strategy design pattern

o Class diagrams
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[The Intension criterion ]

= Statement ¢is extensional iff it is
preserved both under any expansion
and under any reduction that preserves
its signature.

o (Signature: Constant and relation
symbols)
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[Conclusions ]

= Intensional statements:

o Any non-local statement (e.g., programming
principles, architectural styles)

o Recursive composite design pattern
o Strategy design pattern
= Extensional statements
o Class diagrams
o Any program (depending on the abstraction
used)

26 ﬁ
Abstraction strata in software design I I I

The Intension/Locality hierarchy]
[revisited

Non-local

Locality criterion

Strategy
Recursive composite

Local & intensional

Intension criterion
Extensional i K ‘ Hh\
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[Conclusions ]

= Architectural styles, programming (or
design) principles share the same
abstraction level

» UML class diagrams are too
impoverished to express patterns and
styles
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Open questions

Architectural mismatch
Extend locality to behavioural models

Vi
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