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Reusability - When It Works. When It Does Not. 
Data with a Point of View. 
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Why this topic? 

Focus is on graphical, interactive applications 

• Rapid -initial development 

• Rapid response to the need for change 

Reusability is important in order to 

Improve on software productivity 

• Help in employing expertise 

a Definitions 0 Where 0 I Slues 

o [Hemple! 0 "I-Ulln 0 Complaints 

Definitions: 

• Object 
an encapsulation of data (properties) and 
the operations on that data (behavior) 

• Message 
a request to an object to carry out one of its 
operations 

• Method 
the procedure executed in response to a 
message 

• Oass 
a description of a group of objects that 
have similar properties and behavior 

• Instance 
a member of a cIass with distinguished 
properties 

@Oef1nillonl a Where a IUUII 

a hlm,.I. 0 RI-UtI'" 0 Complelnts 

Examples: 

All examples come from applications or tools 
from the SmailtaIk-80 programmins system. 

Smailtaik-80 is: 

• an object-oriented programminS lans=ge 

• a set ofplOgnat denlopment tools 
inclvdins: 

symbolic debugger 
source code browsers 
dynamic cross reference 
help facilities 
.tatic inspectors 
text and picture editors 
change management 

• "desktop" screen controller and gnphiaJ 
user interface 

• integrated environment for deliTerins 
applications 

Reuse: 

To take something created t.. .- ,.....­
to be used for another purpose. 

In each case, something stays the ..... and 
lOm.ethias changes. 

• '.nnil.... 0 Where 0 '''IRS 
O£o_ OR.-U .... ac .. 
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Model of information which is text. 

Display container for text which is a Workspace. 

@ Oeflnltlon, 0 Whl,.. 0 luult 

o [Hemples 0 Ae-UII" 0 Compllint. 

Model of information which is text. 

The container changes t,o a TerminaL 

stpcmvermont: wh.rela th • . Party 
theParty: l usr / local/ bin/th • . Party .. 

@Oannltlan. a Whe,.. Oluu •• 

a Etu!lmples a AI-Ulln 0 Complaintl 

MOdJ of iaforrnation which .,. '-xt. 
I . 

The text stays the same, the emphaslS changes. 
I 

choose large 
style 

select a different 
font style 

and make the text 
bold 

• aennltlon. 0 Whe,.. OIUUH 

a E._.... 0 Ae-UI"" a Campl_" 

Model of iaformation which is text. 

or to a Mail Keader. 

..., ... 11 " ..... ' .. --r., _ 
~ --_II_~ 

or to a Prompt 

• o,nnUlonl 0 Where o Issues 

o h.-,I.. 0 R.-U.... 0 Compl!lints 
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Model of information which is text. 

The Workspace stays the same, the text changes. 

@ Definitions 0 Where a Issue. 
a £H emplet a Complaints 

Model of information is code in text form. 
which stays the same. 

The container is a Debugger that gives access to 
the sequence of procedure calls. 
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@ D.nnUioRI 0 Where ainu .. 

a AI-Use" o Co mplaintl 

Model of information is code in text form. 
which stays the same. 

The container is a Browser with a hierarchical 
indexing scheme into the code. 
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Model of information is code in text form, 
which stays the same. 

The container is a FileList that gives access to the 
rode stored on a file in a machine readable 
format. 
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Model of information is a picture, which 
stays the same. 

The container is a document in which the picture 
appears. 
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o [Hample. 0 Re-Usen 0 Complaints 

Model of information is a picture, which 
stays the same. 

The container is a paint palette, that stays the 
same, with which the picture becomes the paint 
brush. 

<i a.Onttiant a Where 

o [ltemple. 0 RI-UtI" 

o luue. 

o Complaintl 

I 
Model of information is a pidme. which 
stays the same. 

I 

The container is a map editor with which the 
picture is the background for itinerary 
information. 

• •• nnn ..... 0...... Oluues 

o r......... a "-II., a Complaints 

Model of information is code in text form, 
which stays the same. 

The container is a kind of browser wIt:h 
indices into the information. 

The filters for the browser changes. 
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Additional filters for browsing. 

, ...... --,...,. 
......... ,. ,,,!.Me 

•• ..... . .,eny .. • C.I~o.y 8'0_ •• ' 

.... r .. ; .m~ ~u .. ,. 

....... 

~ ..... " ..... : 

.'U 

, .. " ... UI 
........ n , .... .. -

~""'''''''-''''''''''''''--­'n, •• __ ; ........ ,., , .. __ •• , , ... 111 ... 

, in ., 

.. /01.," .~. j ftl . 

T •• I" ... • M .... '''. 

, ..... ,. ... ".utl .. 

@ O.flnltlon. 0 Wh.,.. Olnu .. 

"0'" ,., 

a EHample. a A.-U •• n a Compllint. 

V.S 

Model of information is code in text form. 
which stays the same. 

The container is a kind of "view" with multiple 
subviews, one dependent on selections in the 
other to determine content. 

The technique of indexing stays the same, 
but the specific container changes. 
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a RI-Ulen a c.tnOlaints 

I 
Where is Reuse Found? 

, 
I 

Things 

Code 

Tools 

Techniques 

Proce_ 

Frameworks 

algorithms 
data structuns 
protocols 

lext editor 
spelling corrector 

meTing through space 
risual feedback 
direct manipulatioJl 
.ru.re by cut 'n paste 

structured analysis 
instructional sequences 

metaphors (desktop, cardstack) 
kits (browser, simulation) 
help 

o D.nnltl •• 

Qhlmltl .. 

o I lien 

OC ..... ints 



Reuse in Object Oriented Design 

Create an instance of an existing class 
[similar to a library packagel. 

Send a set of messages to a named object 
[similar to the use of formal parameterl. 

Create a subclass of an existing class, adding or 
specializing functionality 
[similar to cascaded libraries defined at link 
timel. 

Abstract versus Concrete Representation 

Tight, fixed formal specifications at the 
abstract level. 

Making more concrete means adding 
"meaning" . 

Default versus Specialized Behavior 

Looser specifications at the abstract level 
where meaning is provided minimally 
and in the sense of constraints. 

Making more concrete means replacing a 
definition within the constraints. 

o Oeflnltlon. a Wh.re @ Inull 

o EHemoles O ... -Users 0 Compleints 

• L 

What are the Design Issues? 

Abstract versus Concrete Representation 

Default versus Specialized Behavior 

Factoring 

Specialization or Refinement via 

parameterization 

subclassing (deep vs shallow of hierarchy) 

delegation 

o Definitions 0 Wh.re • I ... " 

o [",m,l.. o",-Us... 0 ColftpleintJ 

• AlJ R.iFI-~ . 

Absmact versus Concrete Represefttat>ooo 

i 
Example: Number Hierarchy 

! 
Object 

i Magnitude 

Character 

Date 

T1II\e 

Number 

Float 

Fraction 

Integer 

LarseNegativeInteger 

LargePositivelnteger 

SmalJInteger 

o D.flnltlonl 0 llhe,.. _'llUes 
o hemp'" O ... -Ib... 0 Comglaint. 

..., .. 
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Number Hierarchy Protocol Example 

Number 

arithmetic 

• 

self subclassResponsibility 

/ 
self subclassResponsibility 

truncation and roundoff 

mundTo: aNumber 

V.7 

t (self / aNumber) rounded' aNumber 

For example 
6.6 mundTo: 10 yields 10 

a Dennltlon. a Wherl (j)llIues 

a [Hample. a Re·Usen 0 Complaints 

Collection Hierarchy Protocol Example 

Collection 
enumerating 

do: aBlock 

self subclassResponsibility 

collect aBlock 

I newCollection I 

newCollection .. self species new. 

self do: [:each I 

newCollection add: (aBlock value: each) J. 

t newCollection 

select aBlock 

I newCollection I 

newCollection - self species new. 

self do: [:each I 

(a Block value: each) iITrue: 

[newCollection add: eachlll. 

t newCollection 

o Definition. 0 Where ~ luu •• 

o £Hsmples 0 Re-Use" 0 Campl'intl 

• 

Example: Collection Hierarchy 

Object 

Collection 

SequenceableCoUection 

AlrayedCoUection 

Array 

By.eAtr.ty 

String 

Symbol 

Tnt 

Interval 

LinkedList 

Order!dCollectioa 

SortedCollrct1oa 

Dlctton.uy 

IdrntltyDlctton.uy 

LitenJ.Diction.ary 

o l.nnUion. 0 Wh,,.. @) 'ltUI. 

o (umltt.. O ... -U1en a Comoleint. 

O l_~ 

Default versus Specialized Behan. 

Example: Kit for Event-Driven Simulation 

--

B 
[] 

o D.finitlons 0 Where • I ...... 

o [Hemplls 0 ".-Use" 0 ~nts 
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Default versus Specialized Behavior 

Example: Presentation Viewing 

display 

self display Border. 

self displayView. 

self displaySubViews. 

display Border 

self drawFrame 

display View 

" self 

dispiaySubView5 

sub Views do: [:each I each display) 

o D.f'ltM1kMtt O.".re @ ' .. ues 
a hamo... a ".~Use" 0 Compleint • 

• 

Example from Model-View-Controller Hierarchy 

Object 

Model 

View 

Tex' 

Te:xtCoUection 

Terminal 

Te.,''(tView 

CodeView 

OnlyWhenSe.lected.CodeView 

Controller 

MouseMenuController 

ScroUControUer 

ParagraphEditor 

TextEditor 

CodeController 

AlwaysAcceptCodeController 

OnlyYVhenSelected.CodeControUer 

o Deflnitlons 0 Wh.n @ Issues 

o hemo'e. 0 ".-u • .., 0 Compleints 

Default versus Specialized Behan. 

Example: User Interaction Controller 

controlActivity 

self controlIinitialize. 

self c:ontrolLoop. 

self controIT emrinate. 

controlInitialize 
nil 

controlLoop 

self isControlWanted 

ifTrue: [self doActivities J 

controlTerminate 
nil 

o DeOnltlon, 0 IDh'A ."1 ... 
o [Hempl.. O .. -Utln 0 C .. ptalnts 

Factoring 

Architectural Example 

Streaming Example 

Model-View-Controller Example 

o OeOnltions 0 wnere • I ..... 

a fMem1li.. a lIIt-u,... 0 Comllleintt 
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Factoring Architectural Example 

searching, 
querying, I Layout and 
learning authoring I Programming I 

'----"---' '-------''--' 

application delivery 
metaphor support 

model 

parts library 
library 

model 
UIF 

kernel classes 

< virtual machine 
implementation 

I Databas, I hardware and 05 

a Definition, 0 Wi'l l,.. @ Issues 

o £HemDII' 0 ",-Un" 0 Complaints 

• 

Factoring Model-View-Controller Example 

Model 

Structured Information 

View 

Presentation 

Controller 

In teraetion 

o Deonitions 0 Where @> luues 

o [Hamil let 0 "'-Users 0 Complaints 

FactOring Streaming Example 

Concept of Streaming 

Streaming over files 

Divide into reusable interfaoe 

frontend: stream with buffered 
information 

backend: buffered data accessors 

. Frontends are reusable me! can change 
the backend at a lower effort 

OD.n ........ 0...... 8 '11-
0( .... _ 0 IIe-lIMn 0 CO"_" 

o , 

Factoring Model-View-Controller Example 

Model is the structured information. 

every object is a model 

objects are dependent on one another for 
the purpose of reporting that change has 
occurred 

system must provide dependency structure 
and updating mechanism 

a a.nnUiow. a Whe,... <i I slUes 

o EK.m.... 0 fI,-Unrs 0 Complaints 
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Factoring Model-View-Controller Example 

View is the mediator and transformer of the 
parts of a model. 

display an image by calling upon graphic 
symbol primitives or idioms 

as container of other views, provide the 
tranformation of coordinates in order to 
build up a structured picture 

system must provide displayable objects 

o Definitions 0 Where @ I SlUII 

o [Hamples 0 RI-Use" 0 Complaints 

Factoring Model-View-Controller Example 

Viewing is handled by the superclass View. 

A complex view is made up of several 
views. Complex views may be nested. 
Class View handles the relative coordinate 
systems of nested views. 

1.1 

o Definition. 0 Whe,.. @ Issues 

o [Hamples 0 R,·Usen a Complaints 

,,. 

Fadoring Model-View-Controller Example 

Viewing is handled by the superc!ass View. 

A simple view is a graphical presentation of 
some aspect of model. For each kind of 
view, a display method is devised that 
queries the model for pertinent 
information. 

\ , , 

I .• 
a a.Onltlons OWh .... ....... 
0[_ OR.-U ..... o Compllint. 

Factoring Model-View-Controller Example 

Controller is the coordinator of user ..aiorIs. 

schedule user actions such as Iceybaard 
presses Or other input devices 

handle access and change commands to the 
view and the model 

o OeflnHlons 0 Where (jISsen 

o [Hamples ORe-Us... 0 C ••• ints 
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Customization 

A special kind of reuse .•• 

The way to direct a computer 
on a preferred approach to 
behavior: 

• modify default behavior. 

• specialize abstract behavior. 

• compose new visual layouts. 

• compose new profiles for 
physical interaction. 
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Pluggability 

Customization by adapting 
container views and controllers 
to models. 
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Pluggability 

Three examples of different 
"personalities" presenting the 
same infonnation. 
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Alternative and Experimental User Intenaces 
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luggability 

Customization by adapting 
viewing paradigms, lil::e 
navigation. to different models. 
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Pluggability 

r 

L 

Navigation of Unix files and 
directories. 
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