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Lecture Summary 

! ! Background 

! ! Example: Patterns as a vocabulary for design 
! ! GoF structural patterns: 

¥! Adapter 
¥! Facade 
¥! Composite 
¥! Proxy 
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What Are Patterns? 

Each pattern describes a problem which occurs over 
and over again in our environment, and then describes 
the core of the solution to that problem, in such a way 
that you can use this solution a million times over, 
without ever doing it the same way twice. 

     Christopher Alexanderà 

! !His goal was to capture design expertise and 
constraints that help produce designs with conceptual 
integrity.  

à Alexander, et. al. A Pattern Language. Oxford University Press. 1977. 
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Software Design Patterns  

! ! ChristopherÕs ideas have been adopted by the 
software design community, especially the object-
oriented design community, as a mechanism for 
transmitting proven design solutions. 

! ! Best-known exponents are the ÒGang of FourÓ, 
Gamma, Helm, Johnson and Vlissides 

¥! The first widely circulated pattern collection (23 patterns) 
¥! Provides the first pattern taxonomy  

! !Creational 

! !Structural 

! !Behavioural  

¥! Requires significant experiences in OO Design 
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Why Patterns? 

! ! Design is a challenging task: 
¥! balancing concerns, e.g. performance, adaptability, reliability 
¥! defining components and their interrelationships 

! ! Experienced designers: 
¥! rarely start from first principles 
¥! look for similarities to problems solved in the past 
¥! apply a working "handbook" of approaches 

! ! Patterns make expert knowledge widely available 
¥! Supports focusing on distinctive design problems 
¥! Aids design evaluation at higher level of abstraction 
¥! Provides a useful working vocabulary for design 
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Example: Patterns as a vocabulary 

A POS system needs to support several kinds of 
external third-party services, including tax 

calculators, credit authorization services, inventory 
systems, and accounting systems. Each has a 

different API, which canÕt be changed. 



Design Problem - 1 

! ! How to resolve incompatible interfaces, or provide a 
stable interface to similar components with different 
interfaces? 
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TaxMaster GoodAsGoldTaxPro 

SAPAccounting GreatNorthernAccounting 

Inventory 

CreditAuthorizationService 

Register 

. . . . . . 

. . . 

. . . 



Pattern solution : Adapter (GoF) 

SAPAccountingAdapter 

postReceivable(CreditPayment ) 
postSale( Sale ) 
... 

GreatNorthernAccountingAdapter 

postReceivable(CreditPayment ) 
postSale( Sale ) 
... 

ÇinterfaceÈ 
IAccountingAdapter 

postReceivable(CreditPayment ) 
postSale( Sale ) 
... 

GRASP principles:low coupling, high cohesion, polymorphism, indirection, 
pure fabrication, protected variations.  

SAPSystem GreateNorthernSystem 

Register 

. . . 

. . . 
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! ! In the prior Adaptor pattern solution for external 
services with varying interfaces, who creates the 
adapters? 

Design Problem - 2 



ServicesFactory 

accountingAdapter  :  IAccountingAdapter 

taxCalculatorAdapter  :  ITaxCalculatorAdapter   

getAccountingAdapter () :  IAccountingAdapter 

getTaxCalculatorAdapter () :  ITaxCalculatorAdapter 
... 
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Pattern solution : Factory 

  if  (  taxCalculatorAdapter  ==  null  ) 
  { 
    String className  =  System . getProperty  (" taxcalculator . class . name " ) ;   
    taxCalculatorAdapter  = ( ITaxCalculatorAdapter )  Class . forName  (  className  ). newInstance () ; 

  } 

  return taxCalculatorAdapter ;  

GRASP principles:low coupling, high cohesion, indirection, pure fabrication  
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! ! The ServicesFactory raises another new problem in 
the design. Who creates the factory itself, and how 
is it accessed? 

Design Problem - 3 
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Pattern solution : Singleton (GoF) 

public static synchronized ServicesFactory getInstance () 

{ 
if  (  instance  ==  null  ) 
   instance  =  new ServicesFactory () 
return instance 

} 

                                                                 1 ServicesFactory 

instance  :  ServicesFactory 

accountingAdapter  :  IAccountingAdapter 

taxCalculatorAdapter  :  ITaxCalculatorAdapter   

getInstance () :  ServicesFactory 

getAccountingAdapter () :  IAccountingAdapter 

getTaxCalculatorAdapter () :  ITaxCalculatorAdapter 
... 

Define a static method of the class that returns the singleton 



13 

Interaction Model Using Adapter, Factory an
d Singleton 

: Register accountingAdapter :  
SAPAccountingAdapter 

postSale (  sale  ) 

makePayment 
SOAP over  
HTTP 

xxx 

: Register 

1 
: ServicesFactory 

accountingAdapter  = 
  getAccountingAdapter 

: Store 
create 

create 

:  SAPAccounting 
Adapter 

:  Payment create ( cashTendered ) 

ÇactorÈ 
:  SAPSystem 

create 
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Design Pattern Relationship 
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GoF : Structural Patterns 

! ! Adapter  - adapts a classÕs interface to match the 
interface that a client expects 

! ! Facade  - provides a simple interface to a collection 
of classes 

! ! Composite  - defines an interface that applies both 
to individual objects and to groups of objects 

! ! Proxy  Ð provides surrogate for another object to 
control access to it 
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! ! Converts the interface of one class into another that 
clients expect (also known as the Wrapper pattern) 

Adapter Pattern 

! ! SW example: a library class provides the desired 
functionality but it does not have the expected 
method signatures (incompatible interfaces)  
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Adapter Structure using Inheritance 

<<interface>> 
Target 

 request() 

Adapter 

request() 

Client Adaptee 

request1() 

request1() 

uses objects 
conforming to 
Target interface 

New interface that clients desire 

Wrapper 

Old interface 
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Adapter Structure using Composition 

Target 

request() 

Adapter 

request() 

Client Adaptee 

request1() 

adaptee.request1() 

adaptee 



! ! Provides a unified interface to a set of interfaces in 
a subsystem 

! ! Reduces coupling between clients and subsystem 
classes 
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Facade Pattern 

! ! SW example: a setup wizard that configures a 
subsystem 
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Fa•ade Structure 

ClientC 

ClientA 

ClientB ClientC 

ClientA 

ClientB 

Facade 

Delegates client requests to appropriate subsystem objects, 
since it knows which subsystem objects are responsible for each 
request 

decouple 
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Composite Pattern 

! ! Composes objects into hierarchical tree structures to 
represent part-whole hierarchies 

! ! Allows clients to treat 
individual objects and 
composites identically (i.e., 
they define common 
behaviour) which simplifies 
the client 

! ! SW example: JFrame, 
JPanel and JComponent 
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Composite Pattern Structure 

Composite 

operation() 

addComp() 

removeComp() 

getChild(n: Int) 

Component 

operation() 

Client children 

Leaf 

operation() 

forall c in children c.operation() 

¥! declares the interface for objects in   
 the composition 

¥! implements default behaviour 

components having children (interior nodes in the tree)  
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Composite Pattern Example 

PercentageDiscount 
PricingStrateg

y percentage  :  float 

getTotal (  Sale  ) :  Money 

AbsoluteDiscount 
OverThreshold 
PricingStrateg

y discount  :  Money 
threshold  :  Money 
getTotal (  Sale  ) :  Money 

ÇinterfaceÈ 
ISalePricingStrategy 

getTotal (  Sale  ) :  Money 

Composite 
PricingStrategy 

add (  ISalePricingStrategy  ) 
getTotal (  Sale  ) :  Money 

1 .. * 

CompositeBestForCustomer 
PricingStrategy 

getTotal (  Sale  ) :  Money 

CompositeBestForStore 
PricingStrategy 

getTotal (  Sale  ) :  Money 

strategies 

Sale 

date 
..
. getTotal (

) ..
. 

1 
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Interaction Model Using Composite 



! ! Provides a surrogate or place holder to provide 
access to an object.  
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Proxy Pattern 

! ! Used to support 
resource-hungry 
objects, and we do not 
want to instantiate such 
objects unless and until 
they are actually 
requested by the client.  

! ! SW example: an image proxy creates a real image 
only when the document editor asks it to display the 
image.  
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Proxy Pattern Structure 

! ! Use an extra level of indirection to support 
distributed, controlled, or intelligent access.  

! ! Add a wrapper and delegation to protect the real 
component from undue complexity.  

Proxy 

Request() 

Subject 

Request() 

RealSubject 

Request() 

Client 

realSubject->Request() 

realSubject 
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Proxy Applications - 1 

! ! A virtual proxy is a placeholder for "expensive to 
create" objects. The real object is only created when 
a client first requests/accesses the object. 

! ! A remote proxy provides a local representative for an 
object that resides in a different address space. This 
is what the "stub" code in RPC and CORBA provides. 

! ! A protective proxy controls access to a sensitive 
master object. The "surrogate" object checks that 
the caller has the access permissions required prior 
to forwarding the request. 
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Proxy Applications - 2 

! ! A smart proxy interposes additional actions when an 
object is accessed. Typical uses include:  

¥! Counting the number of references to the real 
object so that it can be freed automatically when 
there are no more references (aka smart 
pointer),  

¥! Loading a persistent object into memory when 
it's first referenced,  

¥! Checking that the real object is locked before it is 
accessed to ensure that no other object can 
change it.  
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Discussion of Structural Patterns 

! ! These structural patterns are similar but can be 
distinguished by looking at the intent involved 

! ! Adapter, Fa•ade, and Proxy all provide a level of 
indirection to another object with a different interface 

¥! adapter resolves incompatibilities between two 
existing interfaces 

¥! adapter provides a different  interface to its subject 

¥! proxy provides the same interface 
¥! facade defines a new interface 
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Keys to Using Patterns Effectively 

! ! Recognize, search, instantiate: 

¥! Recognize a problem as common (dŽjˆ vu) 
¥! Recognize the key elements of the problem 

¥! Search a pattern catalog from proven solution 
templates 

¥! Instantiate the template for the specific problem 

! ! Recognition comes with experience 
! ! Searching is aided by a catalog taxonomy 

! ! Instantiation requires tactical skill: 

¥! Specific interface definition 
¥! Algorithm and data structure selection 
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Follow-up Reading 

! ! Larman: Chapter 25 and 26  

! ! Software Pattern References: 
¥! E. Gamma et al., Design patterns: elements of 

reusable object-oriented software, Addison-
Wesley, 1995 

¥! F. Buschmann et al., A system of patterns, 
Wiley, 1996 

¥! Steven Metsker, Design Patterns Java Workbook, 
Addison-Wesley, 2002. 

! ! Michael Duell, "Non-software examples of software 
design patterns", Object Magazine, Jul 97, p52-57 


