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Design  Pa*erns,  
cont.  
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Problem:  Social  media  updates  

!  You  have  your  InstaTwitInYouFaceTrest  app  open  and  a  
friend  makes  a  post  /  updates  their  status.    How  do  you  get  
the  info  before  the  next  Fme  you  (manually)  refresh  your  
app?  
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The  Observer  Pa*ern  (a.k.a.  Publish/Subscribe)  

!  Problem:  Keep  a  group  of  objects  “in  sync”  in  the  presence  of  
asynchronous  updates,  while  minimizing  the  amount  of  
coupling.  

!  Intent:  Define  a  one-­‐to-­‐many  dependency  between  objects  so  
that  when  one  object  changes  state,  all  its  dependents  are  
noFfied  and  updated  automaFcally.  

!  Use  the  Observer  pa*ern  when:  

!  When	
  changes	
  to	
  one	
  object	
  requires	
  changes	
  to	
  other	
  and	
  
you	
  don’t	
  know	
  which	
  and/or	
  how	
  many.	
  

!  When	
  an	
  object	
  should	
  be	
  able	
  to	
  no;fy	
  other	
  objects	
  
without	
  making	
  assump;ons	
  about	
  who	
  these	
  other	
  objects	
  
are	
  (i.e.,  you	
  don’t	
  want	
  these	
  objects	
  ;ghtly	
  coupled).	
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Observer  Pa*ern  

A)  Classes  
B)  Objects  
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Structure 

 

Participants 

• Subject 
o knows its observers. Any number of Observer objects may observe a 

subject. 
o provides an interface for attaching and detaching Observer objects. 

• Observer 
o defines an updating interface for objects that should be notified 

of changes in a subject. 

• ConcreteSubject 
o stores state of interest to ConcreteObserver objects.  
o sends a notification to its observers when its state changes. 

• ConcreteObserver 
o maintains a reference to a ConcreteSubject object.  
o stores state that should stay consistent with the subject's.  
o implements the Observer updating interface to keep its state 

consistent with the subject's. 

Collaborations 

• ConcreteSubject notifies its observers whenever a changeoccurs that could 
make its observers' state inconsistent with its own. 

• After being informed of a change in the concrete subject, aConcreteObserver 
object may query the subject for information.ConcreteObserver uses this 
information to reconcile its state with thatof the subject. 



5 

Observer  Pa*ern  

A)  HasA  (containment)  
B)  IsA  (inheritance)  
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Observer  Pa*ern  

!  SoluFon:  
!  Observers	
  can	
  “aCach”	
  to	
  a	
  Subject.	
  
!  When	
  Subject	
  is	
  updated,	
  it	
  calls	
  Update()	
  on	
  all	
  Observers	
  
!  Observers	
  can	
  query	
  Subject	
  for	
  updated	
  state.	
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Figure B.2:  Object diagram notation 

Interaction Diagram 

An interaction diagram shows the order in which requests between objectsget 
executed. Figure B.3 is aninteraction diagram that shows how a shape gets added 
to a drawing. 

 
 

Figure B.3:  Interaction diagram notation 

Time flows from top to bottom in an interaction diagram. A solidvertical line 
indicates the lifetime of a particular object. Thenaming convention for objects 
is the same as for object diagrams—theclass name prefixed by the letter "a" (e.g., 
aShape). If the objectdoesn't get instantiated until after the beginning of time 
as recordedin the diagram, then its vertical line appears dashed until the pointof 
creation. 

Class/Object  NotaFon  (cont.)  

!  InteracFon  Diagram  

Time  
passing  

Solid  horizontal    
line  =  invocaFon  

Solid  verFcal  line  =  existed  before/aXer  interacFon  
Dashed  verFcal  line  =  didn’t  exist  

Box  =  period  
acFve  during  
interacFon  

Dashed  horizontal    
line  =  creaFon  
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Observer  Pa*ern  InteracFon  Example  

!  aConcreteObserver  modifies  a  ConcreteSubject  
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The following interaction diagram illustrates the collaborationsbetween 
a subject and two observers: 

 

Note how the Observer object that initiates the change requestpostpones 
its update until it gets a notification from the subject.Notify is not always 
called by the subject. It can be called by anobserver or by another kind 
of object entirely. The Implementationsection discusses some common 
variations. 

Consequences 

The Observer pattern lets you vary subjects and observersindependently. You can 
reuse subjects without reusing theirobservers, and vice versa. It lets you add 
observers withoutmodifying the subject or other observers. 

Further benefits and liabilities of the Observer pattern include thefollowing: 

1. Abstract coupling between Subject and Observer.All a subject knows is that 
it has a list of observers, eachconforming to the simple interface of the 
abstract Observer class.The subject doesn't know the concrete class of any 
observer. Thus thecoupling between subjects and observers is abstract and 
minimal. 

Because Subject and Observer aren't tightly coupled, they can belong 
todifferent layers of abstraction in a system. A lower-level subjectcan 
communicate and inform a higher-level observer, thereby keeping 
thesystem's layering intact. If Subject and Observer are lumpedtogether, 
then the resulting object must either span two layers (andviolate the 
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Problem:  Playing  AKQ  in  different  system  

!  acekingqueen.com  opens  an  online  contest  for  best  robot  
players  for  that  game.    You  want  to  submit  your  entry,  but  
the  expect  a  different  interface  to  the  robot  players.    Do  you  
have  to  re-­‐write  your  code  to  implement  their  interface?  
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Adapter  Pa*ern  

!  Intent:  Convert  the  interface  of  a  class  into  another  interface  
that  a  client  expects.    Adapter  lets  classes  work  together  that  
couldn’t  otherwise  because  of  incompaFble  interfaces.  

!  Use  the  Adapter  pa*ern  when:  
!  You	
  want	
  to	
  use	
  an	
  exis;ng	
  class	
  and	
  interface	
  doesn’t	
  match	
  the	
  
one	
  that	
  you	
  need	
  

!  You	
  want	
  to	
  create	
  a	
  reusable	
  class	
  that	
  cooperates	
  with	
  
unrelated	
  and	
  unforeseen	
  classes	
  (non-­‐compa;ble	
  interfaces)	
  

!  You	
  need	
  to	
  use	
  several	
  exis;ng	
  subclasses,	
  but	
  it’s	
  imprac;cal	
  to	
  
adapt	
  their	
  interface	
  by	
  subclassing	
  every	
  one.	
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Adapter  Pa*ern  

!  SoluFon:  
!  Adapter	
  class	
  IsA	
  derived	
  class	
  of	
  Target	
  type	
  
!  Adapter	
  class	
  HasA	
  Adaptee	
  class	
  
!  Adapter	
  class	
  delegates	
  requests	
  to	
  Adaptee	
  class	
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• you want to create a reusable class that cooperates with unrelated or 

unforeseen classes, that is, classes that don't necessarily have compatible 

interfaces. 

• (object adapter only) you need to use several existing subclasses, but it's 

impractical to adapt their interface by subclassing every one. An object 

adapter can adapt the interface of its parent class. 

Structure 

A class adapter uses multiple inheritance to adapt one interface to another: 

 

An object adapter relies on object composition: 

 

Participants 

• Target (Shape)  
o defines the domain-specific interface that Client uses. 

• Client (DrawingEditor)  
o collaborates with objects conforming to the Target interface. 

• Adaptee (TextView)  
o defines an existing interface that needs adapting. 
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Factory  Method  

!  Intent:  Define  an  interface  for  creaFng  an  object,  but  let  
subclasses  decide  which  class  to  instanFate.    I.e.,  defer  
instanFaFon  to  subclasses.  

!  Also  known  as:    Virtual  Constructor  
!  Use  a  Factory  Method  when:  

!  A	
  class	
  can’t	
  an;cipate	
  the	
  class	
  of	
  objects	
  that	
  it	
  must	
  
create	
  

!  A	
  class	
  wants	
  its	
  subclasses	
  to	
  specify	
  the	
  objects	
  it	
  creates	
  
!  Classes	
  delegate	
  responsibility	
  to	
  one	
  of	
  several	
  helper	
  
subclasses,	
  and	
  you	
  want	
  to	
  localize	
  the	
  knowledge	
  of	
  
which	
  helper	
  subclass	
  is	
  the	
  delegate	
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Factory  Method  
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Application subclasses redefine an abstract CreateDocument operation on 
Application to return the appropriate Document subclass. Once an Application 
subclass is instantiated, it can then instantiate application-specific Documents 
without knowing their class. We call CreateDocument a factory method because it's 
responsible for "manufacturing" an object. 

Applicability 

Use the Factory Method pattern when 

• a class can't anticipate the class of objects it must create. 
• a class wants its subclasses to specify the objects it creates. 
• classes delegate responsibility to one of several helper subclasses, and 

you want to localize the knowledge of which helper subclass is the delegate. 

Structure 
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ConverFng  Algorithms  to  Code  

!  There  are  lots  of  good  algorithms  that  exist  
!  They  are  generally  wri*en  in  pseudo  code  

!  An  important  skill  for  programmers  is  to  be  able  to  convert  
psuedo-­‐code  into  code  

!  This  is  what  we’ll  do  for  our  next  assignment  

!  So  let  me  introduce  to  you  the  idea  of  dynamic  programming  
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Dynamic  Programming  

!  Refers  to  solving  a  complicated  problem  by  breaking  it  down  
into  simpler  sub-­‐problems  in  a  recursive  manner  using  
memoizaFon  

!  Requires:  

!  OpFmal  Substructure:    

!  a	
  problem	
  that	
  can	
  be	
  solved	
  op;mally	
  by	
  breaking	
  it	
  into	
  
sub-­‐problems	
  and	
  then	
  recursively	
  finding	
  the	
  op;mal	
  
solu;ons	
  to	
  the	
  sub-­‐problems	
  

!  Overlapping  Sub-­‐problems  
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MemoizaFon  

!  Remember  the  result  of  solving  a  sub-­‐problem.  
!  Store  in  a  look-­‐up  table  where  the  descripFon  of  the  sub-­‐

problem  is  the  key.  

!  Before(re-­‐)solving  a  sub-­‐problem,  check  the  lookup  table  
and  immediately  return  the  stored  value  if  present.  

!  SomeFmes  we  refer  to  this  as  caching  a  result  


