Reusability - When It Works , When It Does Not.
Data with a Point of View.

A. Goldberg
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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

Q Definitions O Where O Issues
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Examples:

All examples come from applications or tools
from the Smalltalk-80 programming system.

Smalltalk-80 is:

* an object-oriented programming language

* a set ofprogram development tools
including:

symbolic debugger
source code browsers
dynamic cross reference
help facilities

static inspectors

text and picture editors
change management

* "desktop" screen controller and graphical
user interface

* integrated environment for delivering
applications

QExamples O Re-Users O Complaints
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Definitions: Reuse:
* 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 “

¢ Class

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

* Instance
a member of a class with distinguished
properties

To take something created for ome purpose
to be used for another purpose.

In each case, something stays the same and
something changes.

@ ODefinitions O Where
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Model of information which is text.
Display container for text which is a Workspace.

Where's the Party?

again
undo
copy
cut
paste
do it
print it
inspect
accept
cancel
ardcopy
Stvie
font

-~

@ Deflnitions O Where
O Exnamples

Q Issues
Q Re-Users O Complaints
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Model of information which is text.
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I\J‘.[m:h-.l.| of infarmation which is text.
The text stays the same, the emphasis changes.
I

again
unds
cepy
sut
paste
9 It

select a different
font style

print it
Intpeet
aveest
2 3804

7 30 09 vy

choose large

style

Whare's the Party?,
and make the text
X bold
@ Definitions O Where Q Issues
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Model of imformation which is text.
The container changes to a Terminal
' or to a Mail Reader.
FlTAﬁ' Mas fassar - MW WAL
LDesates
L] — 1 ) S ——
e T
Apeds
T 0 e 70300 d el Aprt 1000
. ¥ 1D Apnd - L £ ] o oft 19 Ll
stp@vermont: Where's the Party? i Ty T
unmatched . :"g‘;ag s “"w et i s Freareens TitersPaiive
St [N
stp@vermont: whereis the.Party c:&y II Whers I8 e Parcy?
theParty: /usr/local/bin/the.Party, paste A
do 1t
print it
inspect
accept
cancel
ardco
Style
or to a Prompt
Where's the Party?
@ Definitions O Where O Issues @ Definitions O Where QO lssues
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Model of information which is text.

The Workspace stays the same, the text changes.

'

-

print it
ingpect

ardcopy
style
font

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.

Coliaaions=Siraamd s====m=ecean

Cailestions=-Suopar | initialize=reieaze | oragem

.t Filbar TRzdes
Grapmiet=Qitpiay O ool Trmetint
Graphies-Pachg heber ta
araphies-views JeOmMetric Jel In%
Qraphies=dditerr | =====00 |ececccscecas
Grasnios-Suspert [HNN P ——

’Nunuﬂma

*Oraw & dowdle 1quiral direotly on the ditpiay.®

*Dhplay white.
Pen naw tpirah 200 sagim 09 homaej spirali 208 saper -980.°

1 tos n do
(o | 104? gou iy vorms &)
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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.

@ Definitions O Whaere QO Isswes
QEnamples O Re-dsers (O Comeplaints
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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
code stored on a file in a machine readable
format.

———

Printing
Smalitaikdo-H
Tuterials
Utillsles
Trom Smadtak=00, Vortion 2.2 of July & 1987 on 19 Aprid 1988 &1 1413000 am?
a agan
Pon mathodel or) "gaematrie datigant et
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.-
wiral & sagien & patte
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pring it
“Ditplay white. intpeet
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Model of information is a picture, which
stays the same.

The container is a document in which the picture
appears. :

[Gocument Zm«'

A the sxample beow, wa CAN Bee the orogress of the
wasther 70N 1CTOBE NG Med—weat durng tne Tuseeay
fodowng its arrtval at the sercer in North Oakota

One can Leo 8ee how e concentration of the frome
Pas been decrsased by 8 passage Jwough Uhe Bleen
Mousstame On Menday.

Weathar Front oo Tussday Allarncoa

In the lokowng sections, we wil discuss the
devecoment of this lypa of storm and tha stese of
thes usual evolulion N0 the Lype of danqerous
waniher GRIWBANCS wa DIAN 10 Nvestqats » the nest
chaoter.

— = —
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Model of information is a pictare, which
stays the same.

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

1
|

c e Pde o B Bl e
Oy mim L ®EE O

rJ

@ Definitions O Where Q Issues
Q Enamples O Re-Users O Complaints

@ Qefinitions O Fhere QO lIssues
Qtinamples O Re-Bsers O Complaints
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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.

© 1988 Parcflace Systema. me. Adl Rigihvis Reser
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Model of information is code in text form,
which stays the same.

The container is a kind of browser with
indices into the information.

The filters for the browser changes.

Collestions=Supper
Geaphlet=Primitivay Cirole
Graphies=Oltplay O| Curva

displaying

Graphios=Views
Gr aphios-Coiters
Oraphios=Suppert
pomcar: aPsine radies gor quedroas| i

*The recsiver it an Are for tha quadrant tpecified dy teetiea. Tha tize of
tha are iz dafined by e senter and itt radius.*

senter + aPeiat.
radieg = aninteger.
quadrant = taotien
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Additional filters for browsing. f Additional filters for browsing,

System Bro

Collaotions=3uop
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aantee ey s senders

Graphict=vViews

.......... SRRt i
arrradivy Graphios=Editers

mplamanter
Y4 maestages

Alerarchy

Graphios-£d detiniti qvaeraat Graphios=Supper qu
Graphies=Suopor ([FY AT SeA quadrant: F— ron ’::::
geater) aPeiat rag__oratocons aat) sevcien b= rodius ger quadraat] seetiea L'_Q_

. . f
"The reesiver | LT VAT 1471 [uadrant spesified by testlen. The The reeeiver i1 an Aro for tha quadrant tpecifiad by testiea. The

olass var reft h of
tite of slats reft ) .
the are it defin{ " Fna meined [and Itz radiue® the are la defined by the center and its radius.”
reaame Il
- U canter + afoint.

sentar + aPoia
radineg * aniateger.
Quadrant ¢ tesliea

radivs « sminseger.
uadraat + sectes

**Hisrarchy™™ Catagory Browiaer

Vierarchy”” | it ceatar:
Sitpraywbjeet SeATer:radies:
Pain displaying
| e = qQuaeraat Jpeater: aPoiat radius: aminteger quadraat: 294im
Circia ":::"" *Thae receivaer is an Aro fer the quadrant 1 unde
radies: :::'." seetion, The size of aopy
s b+ the are i3 dafined by the senter and ltsraf °Y'
SO —— n aut paste
e ":h reserver i1 A8 Ave fer the euadrant 1pasified t’:llt'- . The et e b p:rm"i!
the are i1 defined by tha cemter and it radius.* 191::::.': radivs = 'M"“_"' insest
W quadrant ¢ teetion PITTY]
canter = aPoint, caneet orm.
radlut + aninteger. I"-'“':.‘ ,nu::
quadrant « gaotion & explam
.r o: |
i gl
font fent
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l F d?
; . Where is Reuse Found?
Model of information is code in text form,
which stays the same. |
; . . . Thin
The container is a kind of "view" with multiple &
subviews, one dependent on selections in the Codi algorithms
other to determine content. data structures
rotocols
The technique of indexing stays the same, P
but the specific container changes. Tools sext éditor
a spelling corrector
—.';".'.'................- = Techniques moving through space
4--;:.-_'_-.”_____, '--::-_-_—-—-M:: "is‘ul feedback
T o e o b v 0 e - T TR ; direct manipulation
g S share by cut'n paste

Processes structured analysis
instructional sequences

e T e e Sy = - —

Frameworks  metaphors (desktop, cardstack)
e kits (browser, simulation)

e .-.j—. help

- —
e 1 — sy = e Su—

e
- - — e D S
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Reuse in Object Oriented Design

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

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

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

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

Q Definitions O Where @ Issues
QO Enamples O Re-Users O Compisints
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Abstract versus Concrete Representation

Tight, fixed formal specifications at the

© 1988 PercPiace Systhma. Inc. All Rights Reservec.
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e
Abstract versus Concrete Representation

|

Exarxl'lple: Number Hierarchy
I

abstract level. .
Making more concrete means adding ?bm .
"meaning". - Magnitude
Character
Date
Default versus Specialized Behavior
Time
Number
Looser specifications at the abstract level
where meaning is provided minimally Float
and in the sense of constraints. Fraction
Making more concrete means replacing a o
definition within the constraints. LargeNegativelnteger
LargePositivelnteger
Smalllnteger
O ODefinitions O Where @ Issues QO Definitions O Where @ lssues
O Exampies O Re-Users O Complaints QEnamples O Re-tisers (O Complaints
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Collection Hierarchy Protocol Example

Collection
enumerating

do: aBlock
self subclassResponsibility
collect: aBlock
| newCollection |
newCollection +self species new.
self do: [:each |
newCollection add: (aBlock value: each)].
4 newCollection
select: aBlock
I newCollection |
newCollection - self species new.
self do: [:each |
(aBlock value: each) ifTrue:
[newCollection add: eachl]]].
# newCollection

Example: Collection Hierarchy
Number Hierarchy Protocol Example
Object
Collection
Number SequenceableCollection
arlifimetic ArrayedCollection
Array
ByteArray
self subclassResponsibility String
l Symbol
self subclassResponsibility Text
Interval
LinkedLi
truncation and roundoff b
OrderedCollection
roundTo: alNumber senedCollaction
4 (self / aNumber) rounded * aNumber _ Bag
Set
Dictionary
. IdentityDictionary
or example LiteraiDicti
6.6 roundTo: 10  yields 10 S
Q Definitions O Where @ Issues Q Definitions O Where @ Issues
Q Examples (O Re-Users O Complaints QO Enempies O Re-Users O Complaints
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Default versus Specialized Behaviee

Example: Kit for Event-Driven Simulation
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QO Definitions
Q Enamples

O Where @ Issues
Q Re-Users O Complaints

Q Definitlons O Where
Q Enamples

@ lssmes
C Re-Users (O Compilaints
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Default versus Specialized Behavior

Example: Presentation Viewing

display
self displayBorder.
self displayView.
self displaySubViews.

displayBorder

self drawFrame

displayView

A self

displaySubViews
subViews do: [:each | each display]

= =R = _ & __ ___ — -y ——ap

Default versus Specialized Behavior

Example: User Interaction Controller

controlActivity
self controllinitialize.
self controlLoop.

self controlTerminate.

controllnitialize
nil
controlLoop
self isControlWanted
ifTrue: [self doActivities]

controlTerminate

nil

Q Definitions O Where @ Issues

Q Definitions O Where @ Issues

OnlyWhenSelectedCodeController

QO Enampies O Re-Users O Complaints Q Enamples QO Re-Users (O Cemplaints
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Example from Model-View-Controller Hierarchy :
Object Factoring
Model I’
Text
TextCollection Architectural Example
Terminal
View Streaming Example
TextView
CodeView
OnlyWhenSelectedCodeView
Model-View-Controller Example
Controller
MouseMenuController
SaollController
ParagraphEditor
TextEditor
CodeController
AlwavsAcceptCodeController

| C Definitions O Where @ Issues
C Enamples O Re-Users O Complaints

C Deflinitions O Where @ Issues
Q Enampies O Re-Users (O Complaints
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Factoring Architectural Example Factoring Streaming Example
Concept of Streaming
searching, = =
erying, yout an -
qlt:.-aﬁg authoring Programming J Streaming over files
application delivery T :
metaphor support Divide into reusable interface
frontend: stream with buffered
information
Apde backend: buffered data
i ackend: buffer accessors
parts library hb::r:r
UIF mode

. Frontends are reusable and can change

‘ kernel classes i the backend at a lower effort

<—] virtual machine

T  implementation
Databa?T hardware and OS

Q Definitions O Where @ Issues O Definitions O Where @ lsswes
QO tnamples O Re-Users O Complaints ‘ Q Enampies O Re-tsers O Complemis
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Factoring Model-View-Controller Example Factoring Model-View-Controller Example
Model is the structured information.
—— e\:ry Ob]ec; isa n:iodel
. objects are dependent on one another for
Structured Information the purpose of reporting that change has
occurred
View system must provide dependency structure
o - and updating mechanism
Controller : \
)
Interaction

Q Definitions O Where @ Issues

h |
© Definitions O Where @ Issues e e S R [ ERRET

O Enamples O Re-Users O 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

e —— - _— _——JOnE - —— ==  _____ — oy 2 ——n

Factaring Model-View-Controller Example

Viewing is handled by the superclass 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.

QEnamples O Re-Users (O Complaints

-
j=e=T]
K &
\\
] v b
Q Definitions O Where ® Issues Q Definitions O Where @ Issues

Qinampies (O Re-Users O Complaints
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Reuse
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Reuse T

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.

Factoring Model-View-Controller Example

Controller is the coordinator of user actons.

schedule user actions such as keyboard
presses or other input devices

handle access and change commands to the
view and the model

=

19

copv

cut
paste
ao it
print it
e it i
put
qet
spawn

. u;g/*r:ur‘*ﬂmmc:_sl

O Where ® Issues
QO Re-Users O Complaints

O Definitions
Q Examples

QO Deflnitlons O Where @ |sswes
Q Examples O Re-Users O Cemplaints
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Customization Pluggibility
A special kind of reuse... Customization by adapting
~ container views and controllers
to models.

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 interacton.

© 1998 Parcisce Syommme. Al Righs Ressrved. Page 34 © 1598 Parcinse Svossmm. Al Bighes Rosurved. Paguds
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Pluggability

Three examples of different
"personalities” presenting the
same information.

r
-l ] l 1 s. l' ll
Im LA W b w . @t e

e o S -
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BARS
ItE=—
-l o =~
U.I component
palettes

Pluggability

Customization by adapting
viewing paradigms, like
navigation, to different models.

extended language
== Support

H |
o |
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Pluggability

Navigation of Unix files and
directories. -

AT TH

{1 1>
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141 | ——
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ParcPlace Navigator Example Slides
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Navigator in capabikity space showing the standard user account management dlalog



