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ABSTRACT

Different methodobges have been proposd and implemented to improvethe efficiency of the
software design process. The conaept of a Pattern Languayeis onesuch attempt. Finding its
rootsin thework of architect Christophe Alexander, and further popukrized by thefirst Design
Patternsbook by Gammacet al. (affectionaely known as the @ang of Four() [5], paternshave
become an integral part of the software development process. However, as Alexande
emphasizesin his keynote address at OOPSLA 1996,there isamoral aspect to the conaept of
Pattern Languagetha the software community haslargdy ignaed [3]. In this paper, | will
explore this moral aspect of paterns | will arguethat software design can truly fulfill this"moral
imperative to build whole systems tha contribute powerfully to the qudity of life,” [3] and | will
show how software designa's can produe these moral systems.
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1.INTRODUCTION

R. Clayton, amodeator at the Georgia Tech software engineering semina on pdterns provides

asmple modd for undestanding how software engineers perceive paterns[3]. He usestwo
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definitionsof paternstaken from the Webster@ Ninth New Collegiate Dictionay: first, a patern
is Gaform or modd proposed for imitationQand second, a pattern is Ga discernible cohaent
system based on theintended interrelationship of component parts.O Clayton sees these two
definitionsas the pole endsof the Gpectrum of viewsOabout software design paterns He calls
the Gorm or moddOend the object-oriented end and the Qliscernable cohaent systemOthe
Alexande end. In thefollowing paragraphs | will first examine and describethe Alexande end
of the spectrum by looking at Christophe Alexande® undestanding of paternsin his own field
of Architecture. Second,| will examinethe meaning of paternsin the object-oriented end of the
spectrum and lastly, | will propos amodificationto Clayton®linear modd, which will then

serve as thefounddion for my discussion of mora design, and wha it entails.

2. THE Alexander end PATTERN

Patterns have always been an integral pat of architecture. Greek, Roman and other civilizations
modded thar architectural works on paternsthey foundin naure. It is fact tha some South
American architectures were designed, from paternsin naure, to beextensonsof naure tha
served as a point of contact between the physcal and spiritud realms.’ However, in thepog
world war two era, architects began to frown on the use of paterns thedomnant argument

being tha paternshindeed creativity and diversity in design.

Despite the unvoiced disapprovad of paternsin thearchitectural community, Christophe

Alexandea and his colleagues, in thar two books The Timeless Way of Building and A Pattern

Language([1, 2], introduced a novd way of thinking about paternsand usng paternsin

architecture. Alexanda @ god was to produe living structure in theworld: that is, Qowns
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streets, buildings roons, gardens, places which are in themselves living or aive,Oand by ther
very naure, promoted a nurturing environment [ 3]. Alexande based his approach to thisgod on

avery abdract set of ideas," which | will now attempt to describe

First, Alexande bdievesthereisatimeless way of building, which hed€fines as an ordering
process tha only occurs f its own accord, if we let it.O[2] To discover this timeless way, he
says we mug first know the qudity withou a name. He defines this qudity withouta nane as
follows:

Theeisacentra qudity which istherootcriterion

of lifeand spirit in aman, atown, abuilding,or a

wilderness. This qudity is objective and precise, but

it cannotbe namedE The search which we make for

this qudity, in ourown lives, isthe central search of

any person, and thecrux of any individud peson@®

story. It isthesearch for those moments and situaions

when we are mog aive[2]
Secondly, Alexandea podulates tha to definethe central qudity onemud recognize that
everything congsts of paterns which are in themselves either alive or dead. Thus hewrites,
Qeach building and each town is ultimately made out of paternsin spaceEt o the extent they [the
paterng are alive, they let ourinne forcesloos, and set usfree; butwhen they are dead, they
keep uslocked in inne conflict.O[2] He goes onto describe how aroomin its entirety becomes
more alive when more living paternsare present in it. Theroomeventudly acquires afiery
glow, which enablesit to paticipate in nature: Qike ocean waves, or blades of grass, its pats are

govendd by theendless play of repetition and variety created in the presence of thefact that all

thingspass. Thisisthe qudity itself.O[2(ix-xi)]
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Thus for Alexande @ project, paternsare thebasic building e ements from which everything
(buildings towns gardens etc) comes to be Moreimportantly, paternsand patern languayes
(connective rules for paterns) provideinformation on which physcal structures and
configuration of structures in space make the environment nurturing for human bengs In
addition, and equdly important, Alexande bdieved tha onecharacteristic of agood
environment is the high adaptability of each part of the environment to its particularities[3]. To
achieve this feature, and scalability, in his use of patternsin architecture, Alexande employed a
biological modd: jug as gendic codeindirectly generates biological organisms (adgpting them
to thar environment), Alexande planned to usg, indirectly, shared patern languagesto develop
environments, which effectively generated themselves." Therefore, for Alexande and his
friends paternshave atwofold fundion: ontheone hand, paternsidentify structural features
tha promote a postive and nurturing environment, and on the other, paterns provide an indirect

way for environments to generate themselves. Thisis the Alexande end of the Gpectrum of

viewsOon paterns

3. THE object-oriented PATTERN

History can retell severa stories abouttheradical altering of methodobgy in a paticular
disciplinedueto theinfuson of knowedgefrom another, often unrelated, field of study. This
was the case with Software Design (SD). Although theintrodudion of the conaept of paterns
from Architecture, did notradically changeSD methodobgies, it began a strongmovement of
patern developas and users who now dominatee the SD community. Thedifficulty of designing
reusable object-oriented software contributed gresatly to the success of paternsin SD. As

Gammaet a noted, nething expert designa's know notto dois solve every problem from first
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prindples. Rather, they reuse solutionstha have worked for them in the past. When they finda
goodsolution, they use it agan and agan.O[5] Patterns provided an efficient and systematic way
of doaumenting these recurring solutionsPQhey help[ed] designa's reuse successful designsby
basing new designson prior experience.5] Thus for software designe's, a patern isarecurring

solution to arecurring problem in object-oriented software design.

Describing the naure of paternsin SD, JohnVlissides, thefourth member of the Gang of Four,
points out that design patterns @lo not describe new or novd designs they are mined from
successful object-oriented designs To conditute a patern, a problem mug recur, and thesame
solution mug have been discovered independently and applied repeatedly in real systemsO[6].
Furthermore, heidentified four main fundionsor benefits for usng paterns First, paterns
providethe capecity for designreuse, which Vlissides congders more powerful than codereuse.
Second,acommon languayefor design developsas each patern name contributes to the
vocabulary of tha languaye Third, referringto the paternsin doaumentation makesiit easier for
others to undestand wha you did and why. Lastly, Vlissides argues, (baternshdp you
restructure your system whether or not you used patternsup-front Systems designed with
paternsmake it easy to trandorm an application of onepdtern to an application of another.

Systems designed without paternsin mind can use paternsas targets for class refactoringsO

Software designe's have centered mog of thar efforts on doaumenting patterns Gammaet d, in
produdng the mog definitive work on paternsin SD, stated tha ther god was to Gapture
design experience in aform tha people can use effectively. Q3] Ultimately, SD has been

extremely successful in this endeavor: software designeas have discovered severa paterns and
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have successful implemented these paternsin varioussoftware projects. Thisis the Object-

oriented end of the Gpectrum of viewsOon paterns.

4. EXAMPLES OF PATTERNSAND PATTERN FORMATS

Having given a brief summary of the originaion and undestanding of paternsin bath the
Architecture and Software Design fields | will now complement this summary with a conaete
example from each discipline and a description of theformat used to doaument the paterns

foundin each discipline

4.1.1 Format of an Alexande end pattern

Alexande, in his book Pattern Languaye, provides a practical languaye scheme tha onecan use

to produee living structure. In addition, he provides a guide for usng the patern languaye This
guideisimplicit in theformat Alexande uses to present his paterns Theformat itself isas
follows: first, thereis a picture, which represents an archetypd example of the patern. Second,
an introdudory paragraph explainsthe context of the patern, that is, how the paticular patern
completes other larger paterns Following this are three diamondstha indicate the beginning of
theddinition of the problem. Thefifth section provides a detailed explanaion of the problem

and empirical evidence tha suppotsthe explandion.

Next, in bdd, iswha Alexande callsthe theart of the patternO the solution to the problem
described in the problem-definition section. After that, three more diamondsmarking theend of
themain bodyfollow a diagram depicting the solution. The ninth and last section conneets the

patern to other smaler paternsin thelanguagethat complete the patern in question. Theformat
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serves two pumposs: first, it shows how each patern connests to other patternsbthis allows the
user to see dl 253 paternsas congituting onelanguage Second, it presents the problem and
solution for which a patern exists so tha theuser can modify the patern withou losng the

essence of the patern [1].

4.1.2 Example of an Alexander end pattern
See appendix A for an example of Alexanda@ paterns It isworthy to note that Alexande @
paternsare in themselves made up of othe paterns. Thus the example given both congsts of

variousother paternsandit contributes to alarger patern.

4.2.1 Format of an object-oriented end pattern

Gammaet al provided thefirst congstent format for doaumenting design paternsin SD [5]. The
format has thirteen sectionsbtogeher, they ddinethe patern name, the problem in question, the
solution to the problem and the consequences tha arise from the use of the patern. See appendix

B for adescription of the template used to doaument paternsin SD.

4.2.2 Organizing object-oriented end patterns

Gammaet al, recognizing the possibility tha the number of paternsmightincrease, developed a
system for classifying and cataloging paterns[5(9-11)]. They classified paternsusng two
criteria first, the purpo<e of the patern and second the scopeof the patern. Theformer refersto
wha a patern doesBDGamma et a identified three main purposes: creationd, structural and
behavioral. Thelatter criterionindicates whether apatern is primarily concerned with

relationships between classes or relationships between objects (see figure 1 bdow). Gammaet a



acknowledgetha there are several ways to organize paternsand encourage others to develop

such systems since they bdieve tha that will Qlespen [oned] indghtinto what they [paterng

do, howthey compare, and when to apply themQ[5].
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Purpose
Creational Structural Behavioral
Scope | Class Factory Method (107) Adapter (class) (139) Interpreter (243)
Template Method (325)
Object | Abstract Factory (87) Adapter (object) (139) Chain of Responsihility (223)
Builder (97) Bridge (151) Command (233)
Prototype (117) Composite (163) Iterator (257)
Singleton (127) Decorator (175) Mediator (273)
Fae ade (185) Memento (283)
Flyweight (195) Observer (293)
Proxy (207) State (305)
Strategy (315)

Visitor (331)

Figure 1l [5] (thenumbersin parenthesis refer to the page in [5] where the pattern can be found)

4.2.3 Examples of object-oriented end patterns

Asfigure 1 indicates, there are three main purposes for object-oriented end paterns | will

examine onepdtern example from each purpo%. Note tha all examples and descriptionscome
from Gammaet a [5]. First, Singletonis acreational patern (tha is, deals with the creation of
objects) tha Genaures a class only has oneingance, and provides [a] globd point of access to

[that class|Q Second, the Fas ade paternisa structural patern (deals with the compostion of

classes or objects) tha Qiefines a highe-level interface that makes the subs/stem easier to ue.O

Lastly, the Memento is abehaviora patern, which provides, Quithoutviolating encapsulation, [a

way to] capture and externdize an object@ internd state so that the object can berestored to this

state later.OBehavioral paternsrepresent theways in which objects or classesinteract. All three

types of paternsare doaumented in themanne described in appendix B.
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5. THE MORAL CHALLENGE

OOPSLA®6 was both the culmination of years of work doneon paternsin the software design
community, and thefirst official intersection of Architecture and Software Design. In my
opinion, it was aso a turning point where the community of software designasfailed to turn.
Christophe Alexande expressed his dismay at theinadequacy of Architecture to effectively, and
in atimely manne, providethekind of nurturing environment he had envisoned. He then gave
the software design community a glimpse of the potential and theresources they possess tha
allows them to make amoral impeact. Rather than accept the moral baon, the software design
community stuck to ther gunsand continued to practice ther onesided use of paterns abat,
rather successfully. However, | would now like to return to the turning point and pick up the

baon.

Alexanda made an indgghtful observation, the present realization of which should serve asa
motivating force for the software design community to accept their moral responsbility: O am
convinced tha the equivalent of thegenes tha act in organisms [for generative purposes| will
have to beDor at least can be Dsoftware packages, acting in sodetyO[3]. With the current
explosonin computer use andtheInternet revolution, with features like .NET, | think it istime
software designasredized the soda responsbilities they have acquired dueto the pervasive
naure of ther produds. Back in 1990,Mitchdl Kaporissued his Sotware Design Manifesto
calling on the software development community to improve onthe design and usability of ther
software produds. | would like to add my voice to Kapor® and urge software designe's not only
to am for user-friendly produds, but also produdsthat ultimately have amoral impact onthe

user.
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6. MEETING THE MORAL CHALLENGE

Thusfar, | have given ahistorical accountof the meaning and use of paternsand patern
languaes in both the Architectural and Software designfields My approach was to use alinear-
spectrum modd proposed by Clayton. | would now like to modify Clayton@ modd by proposng
tha rather than seeing the two perceptionsof paternsas pole endsof alinear spectrum, one
should mentally bend this spectrumto create a circular shgpe tha is, make thetwo ends
coindde TheClaytonmodd, | bdieve, accurately represents the current software design
perception of thetwo views (the Alexande end and the object-oriented end) of paternsas
distind. | arguetha this current perceptionis wrong and greatly inhibits the capacity of paterns
to have amorad influence. | bdieve tha acknowledging and leveraging the interdegpendence of
these two perceptionsof paternswill providethe software community with amoral approach to
software design. Basing my arguments on Alexander® thoughs on why paternsfailed in
Architecture and the new indghts he has on theuse of paterns | will show how software
designes, andindeed thewhole software engineering field, mug begin to consder awider and

intentiond application of paternsand patern languages.

6.1 Defining Moral Design

Before | ddveinto the project of moral design, | would like to establish the gods of the moral
approach and explain why paternsare essential to this project. Thegod of moral designisto
produce software" tha effectively complements theuser@® current physcal and virtud
environments thereby alowing the user to experience a sense of wholeness. This god requires
tha software be both technically efficient and moraly satisfying. The concept of a Pattern

Languaeisonetha, | bdieve, will allow software designas to achieve this god. Astheuse of
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paternsin the object-oriented end demongrates, patterns can create technically robug and
efficient software systems. In addition, the Alexander-end demongrates tha the accurate use of
paternsresultsin living structure, which bringsabouta sense of wholeness. Thus by combining
these two ends as | previoudy proposd, onecan see why the concept of paternsprovides the

solution to thismoral project.

6.2 Practicing Moral Design

Back to the project: it should be obvioustha the current use of paternsin Software design
satisfies the technical demand of themoral project. The question tha remainsto beanswvered is
how do we use paternsin software development to create aliving structure, tha is, howdowe
incorporate the Alexande-end into software design? To do this, we need to revisit OOPSLA®6,

specifically, Alexanda@ revised view of paterns

6.2.1 Alexander @ revised pattern theory

Alexande admitted that hisinitial view and use of paterns Ghad fallen far short of themark |
[Alexande] had intended.O[3] Patternshad allowed people to get a better control of ther
environment Btheare were certain isolated features, for example, improved daylight, which were
beingintroducd. However, according to Alexande, these patern-based buildingswere not
exactly profoundbuildingsbthey seem to have no moral influence. Alexande and his
colleagues realized that there was something more fundamental missing from the patern

language
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Fifteenproperti es

Wha they discovered in their search for this missing piece was a Qleeper level of structure and a
small number (15) of geometric propeties tha appeared to exist recursively in space whenever
buildingshad life.O[3] Alexande identified these fifteen propeties as being present in all
successful paterns (see appendix C for alist of thefifteen propeties). He goes onto argue

based on extensive empirical research, that these fifteen propaties provide the Gability to be
precise aboutthe naure of living structure, in jus precisely such away tha it is connected, not
only to all mechanical fundion, butalso to thedepths of human feeling(3]. Thus conaerning
software development, these fifteen geometric properties (or others tha mug beidentified for the
realm of software) will providethe necessary structure tha connects thefundiond demand
(technical efficiency, application accuracy, etc) of a software application to its moral demand

(enhandng user wholeness).

Centers:

Besides thefifteen propeties he mentions Alexander also identifies certain entities, which he
calls, centers. Centers, accordingto Alexander, Gire the primitive elements of all wholenessQO[3].
He explainstha centers are either alive (in varying degrees) or notand are defined recursively in
terms of other centers. Thefifteen geometric propeties referred to aboveprovidethe connective
relationships between centers tha eventudly lead to therecursive formation of other centers.”
Alexandea bdievesthat this conaept of centers and therelationship between centers provided by
thefifteen propaties offers Ga complete and cohaent picture of al living structureQ[3] and that

these centers form the building blocks of all lifein buildings
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Additiondly, Alexandea explainstha these centers are different from paterns hedescribes
paternsas beng certain Gtructural invariants tha appear within these centers unde very, very
particular conditiongd[3]. With regardsto software development, Alexande suggests tha the
concept of objects as used in Object-oriented programming mightbe similar to theidea of
centers heis proposng. This connection is based on his view of centers as Gield-like structuresQ

which are the @ocal organizing entitiesOat the core of all strudtures.

Structure-preserving tra nsfor mati ons and generative schemes

Lastly, Alexande, in his presentation, discusses wha he calls Gitructure-preserving
trandormationsOThisis the process by which living structure is produced. Alexande describes
this process as an Qunfolding wholenessOin which one(@maintaing thewhole in each step, but
gradudly [introduces] differentiationsoneafter the otherQ[3]. Alexande suppots his view by
claiming that naure uses this same process of structure-preserving trandormations thisis why;,
heargues, nature, when left done produees living structure. This unfolding wholenessis made
possible by wha Alexande calls agenerative scheme.”' A generative scheme is a Qyenerative
process tha is defined by sets of ingructionstha produe or generate designgO[3]. Compared to
theorigind conaept of patern languaye, the Qyenerative languayeOis dynamic and context
sengtive: it beginswith an existing context and allows users to design and devel op thingstha
relate to tha context or environment. Alexande claimsin his presentation tha the designsthat
are generated by these generative schemes are Qyuaranteed, ahead of time, to be cohaent, ussful,

and to have living structureQ[3].

To recap, Alexande, reflecting onthefailure of hisorigind concept of paternsand patern

languaye, identifies certain elements, which when present, ensure the design and development of
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living structures that have a profound(moral) effect on human bengs Alexande states tha the
process of structure-preserving trandormationsproducess living structure. At the core of al living
structure are entities called centers, which are the source of life or wholenessin a structure.
Centers, by definition, congst of other centers and the naure of therelationship between the
centers tha come togeher to recursively form another center determines the degree of lifein the
newly formed center. Alexande identifies fifteen propaties, which when present in the above
mentional relationdhip, cause theresulting center to bedlive. Lastly, a generative scheme allows
and guides this unfolding wholeness process to occur. Togeher, these elements allow oneto

develop acoheent structure tha is living and morally beneficial to its inhabitants.

6.2.2 Applying Alexander @ revised theory
| bdieve Alexanda@ new indghts provides uswith thetools need to design and develop moral
software. | will now propose atheoretical development process that is based on Alexande G

ideas and seeks to fulfill both thefundiond and moral demandsof moral design.

Centers:

First, I will gofurthe than Alexande and arguethat objects are the centers, as Alexanda defines
theterm center, of software applications Thisimpliesthat in any project, onemus identify and
represent as objects - from the specification for the project - the variousentities required to make
the project fundiond."" These objects, as centers, could condst of other objects. As such, the

definitionsof each object mug be carefully done



Hutchful 15

Fifteenproperti es

Second,the nature of therelationships between the variousobjects mug be determined and
checked to see if they conform to some set of properties similar in naure to thefifteen Alexande
identified for Architecture. Dueto thetheoretical naure of this project, | have not been able to
determine exactly wha these propeties will have to bein SD. However, | posulate tha each of
these will either be specifically, auniversally agreed uponrelationship between certain kindsof
objects or more genedly, certain prinaples tha, by taking into consderation both the physca
and virtud worldsof theuser, guidethewhole design process. Already, work isin progress to
trandate and apply Alexande @ fifteen propaties in other fields of computers that are also
interested in the concept of paterns for example, John Thomeas, an IBM T.J. Watson researcher,
is currently applying Alexanda G fifteen propeties to thefield of Human Computing Interface
(HCI) design (see appendix D). According to Alexande, thefifteen propeties heidentified are
wha make paternsalive, thus | bdieveit isessential that software designe's discover wha
these propatiesarein SD if we are to develop software applicationstha generate a sense of

wholeness in people.

Structure-preserving tra nsfor mati ons and generative schemes

Thus after identifying the objects and therelationships between the objects, Alexande argues
tha we will have general view of thewhole that will betheend produd. With thiswholein
mind, develope's can then implement the process of structure-preserving trandormation where
gradud improvements (actud coding) are madeto the software. Lastly, wha guides and allows
thiswhole process should bewhat Alexande calls a generative languaye Theequivaent of this
in software development would be a @anguayeOthat takes into consderation the context or

environment for which the software is being developed.
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Thisidea of uang alanguaye condruct to manage a software development processis not new:

Thomes Erickson proposs this conagpt in his article LinguaFranasfor Design: Sacred Places

and Pattern L anguayes as a communication medium (a common ground between the different

patiesinvolved in adevelopment process. He suggests tha by usng patern languages as meta-
languayes, onecan produce linguafrancas, which are specific to theproject at hand. What | am
suggesting here is alanguaye tha would serve as a common ground but that would be sengtive
to the elements tha bath exist in and extend beyond the software or hardware the applicationis
expected to interact with. | am thinking here of going beyondthetraditiond factors consdered in
interface design to consdering externd factors of the nature tha thefield of Human-Computer

Interface scholars and researchers are beginning to congder in thar work.

Thus thelanguayewill provide in onesense, alinguafrancatha serves as a point of reference
for different stages and parties of the development process and in another, as a guide tha will
seek to keep the project within the context specified in thelanguage Consquently, each
software development project will have its own generative language, which would consder the
context in which the software application would be used and would try to make each stage of the

development process adhae to specificationsof this context.

| bdieve tha by consdering these issues discussed above software developas can achieve the
level of success Alexande and his colleagues were beginning to experience in terms of
developing living structures, which bringsabouta sense of wholeness in human bengs By

combining the object-oriented end and therevised Alexandrian end uses of paternslanguayes,
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software developas gan the ability to develop software produds tha are both fundiond and

Qontribute powerfully to thequdity of life."

7.USING MORAL DESIGN PRINCIPLESIN INDUSTRY

Althoughl am proposng a purely theoretical process for moral software development, it is
worthy to mention here tha some members of the software development community are actively
involved in putting these ideas into practice. Urban Code an Ohio based software company, is
currently involved in ugngthis concept of patern languayes to develop whole software systems.
Thar undestanding of this concept is closer to theidea of agenerative languayel discussed

above as oppo=d to theorigind idea of Pattern Language proposed by Alexande.

7.1 Implementation

Macig Zawadzki, CEO of the company, in respon® to my questionsregarding thar
undestanding of paterns described how they used paternsand the benefits they wereredizing
from such practice. First, heexplained tha ingead of thinking of patern languayes as Onere
collectionsof paternsthat loosly fit together,Oone should think of them as onewould of any
other language they congst of grammatical condruds. Thecongrucsin this case would bethe
paterns which contribute to what he calls the "patern programming languaye"” Second,to
implement this languaye-oriented view of patterns, Zawadzki described a QPattern Oriented
programming systemOin which a single ingance of a patern (acongruc in thelanguaye)
provides an abdraction for a collection of classes where the relationghips between the classes
adhae to the patern.OThus these paterns(congdructs) are at even highe abdraction level than

classes in Object-Oriented programming.
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7.2 Benefits

Zawadzki gave two examples concerning the benefits of usgngthis patern-based devel opment
system. First, hementionad inareased produdivity: indead of coding 25,000lines of object-
oriented code developasusngthe patern system were able to produce equivaent length (and
equdly fundiond) codewith 500lines of a patern-oriented code Second,since the paternsin
SD capture the best solutionsto problems, the patern system assures qudity and accuracy down

to each line of code

Urban Codeis not developing moral software, however, they areimplementing, in oneform or
the other, certain conagpts of the development process | am proposng: for example, for each
project, they definealanguaye structure composed of paterns that is, a Qpattern programming
languaye Otha relate to thefundiond demandsof the project. Thisis very similar in naure to
the context-sendtive geneative language | proposd. | bdieve the success of Urban Code and
other companieslikeit, in usng this new patern-based approach to development, as oppogd to
the current, static use of paterns shows thefeasbility, from atechnical and econonical

standpont, of implementing themoral design process described above

8. SUMMARY

In this paper, | have tried to argue for afresh undestanding and implementation of the conaept
of patern languaye based on Christophe Alexander@ experiences with paternsin architecture.
In addition, | have argued and shown how software developea's, usng thisrevised conaept of
paterns are capable of produang mora systems tha bring a sense of wholeness to people.

Moreove, | have indsted tha software develope's, dueto the pervasive naure of the produds
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they produe, have inheited amoral obligation to humanity to pursuemora design. The conaept
of moral design | have discussed in this pgper does not encompass a definitive solution for
fulfilling this moral imperative. Rather, it provides a starting place, informed by experiences
from thediscipline of architecture, from which others can better defineand articulate a process
by which software developa's can (uild whole systems that contribute powerfully to the qudity

of life
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Appendix A

Pattern 78 from Alexander @book, A Pattern L anquage

78 HOUSE FOR ONE PERSON

Et he households with one person in then, more than any other, need to be part of some kind of larger household B
THE FAMILY (75). Either build them to fit into some larger group household, or even attach them, as ancillary cottages
to other, ordinary family households like HOUSE FOR A SMALL FAMILY (76) Of HOUSE FOR A COUPLE (77).

Once a household for one person is part of some larger group, the most critical problem which arisesisthe
need for simplicity.

The housing market contains few houses or apartments specifically built for one person. Most often men and
women who chooseto live aone, livein larger houses and apartments, originally built for two people or families.
And yet for one person these larger places are most often uncompact, unwieldy, hard to livein, hard to look after.
Most important of all, they do not allow a person to develop a sense of self-sufficiency, simplicity, compactness, and
economy in hisor her own life.

Thekind of place which is most closely suited to one person@ needs, and most nearly overcomes this problem, is
aplace of utmost simplicity, in which only the bare bones of necessity are there: a place, built like a ploughshare,
where every corner, every table, every shelf, each flower pot, each chair, each log, is placed according to the
simplest necessity, and supports the person@ life directly, plainly, with the harmony of nothing that is not needed,
and everything that is.

The plan of such ahouse will be characteristically different from other houses, primarily because it requires
amost no differentiation of its spaces: it need only be one room. It can be a cottage or a studio, built on the ground
or in alarger building, part of agroup household or adetached structure. In essence, it is simply acentral space,
with nooks around it. The nooks replace the rooms in alarger house; they are for bed, bath, kitchen, workshop and
entrance.

It isimportant to realize that very many of the patternsin this book can be built into asmall house; small size
does not preclude richness of form. Thetrick isto intensify and to overlay; to compress the patterns; to reduce them
to simple expressions; to make every inch count double. When it is well done, a small house feels wonderfully
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continuous-cooking a bow! of soup fills the house; there is no rattling around. This cannot happen if the place is
divided into rooms.

We have found it necessary to call special attention to this pattern because it is nearly impossible to build a house
this small in cities-there is no way to get hold of avery small lot. Zoning codes and banking practices prohibit such
tiny lots; they prohibit Ghormal Olots from splitting down to the kind of scale that a house for one person requires.
The correct development of this pattern will require a change in these ordinances.

Therefore:

Conceive a house for one person as a place of the utmost simplicity: essentially a one-room cottage or
studio, with large and small alcovesaround it. When it ismost intense, the entire house may be no morethan

300 to 400 square feet.

\

\\ e

Z/ ~_

And again, make the house an individual piece of territory, with its own garden, no matter how small-YOUR OWN
HOME (79); make the main room essentially a kind of farmhouse kitchen-FARMHOUSE KITCHEN (139), with alcoves
opening off it for sitting, working, bathing, sleeping, dressing DBATHING ROOM (144), WINDOW PLACE (180),
WORKSPACE ENCLOSURE (183), BED ALCOVE (188), DRESSING ROOM (189); if the house is meant for an old person, or for
someone very young, shape it also according to the pattern for OLD AGE COTTAGE (155) Of TEENAGEROSCOTTAGE (154)
E
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Documentation Template (Format) for Software Design Patterns

Template section

Section description

Pattern Name and
Classification

Thename and classification* of the patern.

I ntent

Specifiesthefundion of thepattern.

Also Known as

Other names by which the patern might be known.

Motivation An example scenaio, which presents a design problem and shows
how the patern solves the problem.

Applicability Specifies the circumstances in which the patern can be applied.

Structure A graphical representation of theclassesin the patern.

Participants

The classes and/or objects paticipaing in thedesign patern and
thar responsbilities.

Collaborations

How the paticipants collaborate to carry outtheir responsbilities.

Consequences

Wha are thetrade-offs and results of usngthis patern.

Implementation

What pitfalls, hints, or techniques should you be aware of when
implementing the patern? Are there languaye-specific issues?

Sample Code Codefragments that illugrate how you mightimplement the
paternin C++ or Smalltalk.
Known Uses Examples of the paternsfoundin real systems.

Related Patterns

Patternstha are closaly related to or are used in conjundion with
this patern.

Thistemplate was developed by Gammaet a to catalog paternsfoundin Software Design. Mog

of the descriptionsof thetemplate sectionscome from Gamma et al® book[5].

* See section 4.2.2 andfigure 1 for howthe paternsare classified.
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Appendix C

A list of Alexander @ 15 fundamental propertiestaken from his book The Natur e of Order*

1. Levelsof scale.

2. Strong centers.

3. Boundaies.

4. Alternding repetition.

5. Pogtive space.

6. Goodshagpe

7. Local symmetries.

8. Deep interlock and ambiguity. .

9. Contrast.

10. Gradients.

11. Roughnes.

12. Echoes.

13.TheVoid.

14. Simplicity and Inna Cam.

15. Not-separateness.

* Thebookhas not yet been published. | received thislist fromJ. Thomes whoisreviewinga
pre-publication version of Alexande @ latest work.

Unfortunaely, the definitionsof these propeties tend to belong naratives. Consequently, | have
decided only to providetheterms Alexande usesto describe these propaties.
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Appendix D

J. Thomas@trandation of Alexander @ 15 properties for Human Computer Interface
Design*

1. Levelsof scale. Thisseemsfairly straightforward. HCI design, in principle, spans levels of scale from aiding in
the design of social structures and large-scale architectural designs that are technologically instrumented and
enabled, through the design of applications and task support, down to the level of making sure that fonts are visible
and trackpoints have the proper damping functions. (See, "The Million-Person Interface).

2. Strong centers. Thisis probably one of the most overlooked principles of designin HCI. Often, what exists for
the user isa"sprawl" of functions, tool bars, and icons with no overal or subsidiary organization. A better design
would allow the user to quickly find a"home base" from which, it would be obvious where other subsidiary home
bases would be. There is some sense in which hyperbolic trees, fisheye lenses, and home pages begin to address
this.

It should be possible for users to "know where the action is" in entering an application or aweb page.

In another interpretation, this refers more to underlying architecture and points to the need for a core of functionality
that transcends a specific release or even a specific application. A good underlying architecture will communicate
this essential center (related to central purpose or style) to the user.

3. Boundaries. Oftenitisnot clear in existing designs what is possible and what is not possible. There are no
strong boundaries on function or on data. What words are"in" the dictionary of aword processor spell-checker,
e.g.? Thereisno intuitive way to know; only on a case by case basis can the user explorethis. Similarly, it is not
typically obvious how large afile can be handled by atypical application program. The only boundaries that are
fairly clear are at the very base hardware level; e.g., how much memory the total machine has, how big the screen is.

A related concept isthat of "scope." What is the "scope" of action of an invoked command? It should be clear to
the user before taking an action over which actions the object should apply. Recently, | meant to apply an action to
asingle item and my finger slipped (or the cursor drifted) to the next menu item which applied the action to all
(over 1000) such items but there was no preview of this action!

4. Alternating repetition. | interpret thisin the context of HCI to be nearly identical to its meaning in the context
of organizational design; that is, to refer to activity patterns.

Input, process, output. Pick up the phone, answer a person@ question, put down the phone. Contact a client,
discover their needs, make the sale. Research, develop, deploy. Set the nail, tap, pound, pound, pound. There are
many patterns and if one were to see these patterns laid out a symptom of awell-working organization would be that
these activity patterns had arough periodicity to them. If they show so much variability that no pattern can be
perceived, the organization is too disorganized.

By the same token, HCI designers must understand the flow and rhythm of activity at avariety of levelsand support
this. At the intermediate application level, for instance, we can imagine that thereis a cycle to creating a document
by inputting words into adocument and then editing it; then, repeating the cycle. At ahigher level, these documents
may be part of alarger cycle of activity in which input for a"fall plan" is solicited by humerous people in the
organization and then consolidated. Perhaps, another round of input and consolidation is included in the process. At
alower level, the user probably goes through a process of planning a paragraph and then typing it. At astill lower
level, there is an alternating repetition of keystrokes.

In the physical world, animals use widespread "rebound" effects to lessen work. For instance, the achilles tendon
and the arch in humans store energy when we run that is released in the next step. Most of our input devices do not
currently support this kind of rhythmic action.
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5. Positive space. | interpret this to mean two things. First, it is better to have functionality over determined than
underdetermined. That is, it is better to have several "aternative" ways of accomplishing the same task than to leave
"holes" of functionality that cannot be accomplished in any way. Secondly, at a higher level, the overall design of a
system should "push" at the edges; alow for users and teams of users to extend functionality into new areas.

6. Good shape. At the more micro levels, this applies making shapes, sounds, textures, etc. that are aesthetically
pleasing and clear. Equally, we can apply the idea of "good shape" to input devices. There are gestures of
movement that are more natural and complete and those that are less natural and less complete. At a"higher" and
more abstract level, this principle can be applied to overall screen design, tool design, and perhaps even to the
design of applications. "Good shape" applied at the application level would mean that the parts of the application
tools help pull together to define an overall application shape. This overall "shape" helps auser understand "where"
particular functionalities would be found and how the various functions fit together. Typically, "editing" a
document, "filing it" and "creating” it are all portrayed as single menu items in some fairly arbitrary menu hierarchy.
But, how does this contribute to an overall "shape" of the application? It doesn't. We could imagine instead that if
there were one or more models of the overall document creation process, that the various functions could fit within
and help define this overall model in some abstract, and quite possibly, in some concrete way.

7. Local symmetries. Generaly, if there is a method to move "up" there should be a symmetrical method to move
"down." If there is a method to paint the foreground, there should be a method to paint the background. If thereisa
way to make an object larger, there should be a symmetrical way to make it smaller. Asl interpret it, the HCI
design principle should be applied both to functionality (symmetry of function) and to implementation (the *way* in
which the functions are invoked should be symmetrical).

8. Deep interlock and ambiguity. Ambiguity? Surely, thisis something that HCI design should avoid. But isit? At
the highest level, if tools are well-designed, the user should not be sure (or even consciously thinking about) whether
they are using atool or interacting directly with the medium. |sa sculptor creating avision out of therock, or isthe
rock revealing to her or him the vision that hides within it? |sthewriter creating afictional world or revealing a
deeper truth? Isthe writer indeed, writing words or creating images and events? |s the musician playing notes that
have been laid down or by the composer or co-creating with the composer by discovering what is there? Isthe
scientist finding out about nature asit is or building mental constructs that portray aworld as built?

Theway | interpret "Deep Interlock and Ambiguity" as applied to HCI design is not that (at least typically) it should
be unclear what a command does, (although there may be an occasional place for this) but that really good HCI
design should support the kinds of ambiguities and interlocks that are characteristic of "creative flow."

9. Contrast. At afairly micro level, this can refer to such mundane but essential elements as ensuring sufficient
contrast between characters to be read on a screen and the background. In general, any two importantly different
events from the user's perspective should be sufficiently contrastive to ensure that the user can perceive the
difference. Thiswould seem like afairly obvious principle of user interface design, yet there are many cases where,
e.g., itisnot clear to the user whether a"message" from the system is a message that essentially means, "Everything
isfine and we're just letting you know that" from a message that essentially means, "Y ou are in deep trouble and
you'd better do something soon." !!' In terms of pragmatic contrast, the words form categories of similarity and
difference that are appropriately contrastive for the system designer, but not at all for the end user.

10. Gradients. | see at least two good applications of this principle. First, in terms of finding things and organizing
things, it istypically better to have things organized and searchable by gradient than by category. For example,
being able to list files alphabetically, by recency, by size, by importance are four ways of graded category and
search. Thisis more amenable to the way human memory and the application of decision criteriatypically work
than by forcing exact queries. "Give me all the files that were created after April 1, 1999 and have 'Alexander' in the
title" may miss exactly the file I'm looking for that was actually created March 31, 1999 and was titled, 'fifteen
properties.' The creation of semantic gradients would greatly help in the search and organization of vast quantities
of information. In (my personalized) semantic gradient, 'fifteen properties' would be very close to 'Alexander,'
whereas in therather arbitrary alphabetic gradient, they are very far apart.
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Again, we can interpret some pieces of the current generations of HCI designs to incorporate some aspects of thisin
such innovations as fisheye views and hyperbolic trees or dynamic queries.

Secondly, the actions that users take should form natural gradients. When we walk through the physical world, we
move continuously through space (except when wefall off a cliff or trip over a branch -- situations we like to avoid
in the natural world, though the computer world seemsfull of them!). Aswe swing a club harder, the club moves
faster, at least up to apoint. Aswe put more effort into throwing arock, the faster and farther it goes (and the more
likely to kill aprey or drive off apredator).

There are aspects of thisin current interface design; e.g., the longer we move a cursor, the further it goes; the more
times we hit the "bigger" function, the bigger something gets. But there are many areas of action where this breaks
down at every level of design.

At the micro-level, most input devices are oblivious to the dynamics of motion. Hitting the "T" key harder doesn't
produce adarker "T" on the screen, e.g. shouting at a speech recognition device simply makes it less likely that our
words will be correctly transcribed. At the outset, most input devices immediately translate our inherently and
naturally (not to mention sophisticated and sensitive!) analog motions immediately into digital form (presumably
because that iswhat is easier for the computer to deal with).

11. Roughness. Austin Henderson and Jed Harris (CHI 99) argued eloquently that systems should be designed with
this quality (though they did not label it as such). An examplethey gave was of a paper invoice system a company
used. In order to "increase efficiency" the paper invoice system was computerized. What really happened was that
the people now have to use both systems. They are required by the company to use the new, expensive,
computerized system, but in order to actually get work done, they still have to use the paper system.

Both systems use forms and ask for specific information typesto be put into those forms. But in the paper version,
people may use "roughness'; e.g., in one situation, where the "address to be delivered" was to be input, the user
wrote a notation that before delivery, the dispatcher should call a specific telephone number to determine where the
delivery was to be made (because it was a ship visiting different ports). But, in the "intelligent" computerized
version, such a notation was impossible because "Call 914-784-7561 and speak with Mr. Thomas to determine the
current whereabouts of thisship” is clearly not an address; in fact, it doesn't even fit in the allocated space.

Roughness is an especially good property when one considers architectures that are to support cross-cultural
adaptations. To take just one obvious example, the number of "bits" required to specify an English character set is
not appropriate for most Asian languages.

12. Echoes. Thisproperty offers an excellent potential method for teaching a complex system. If there are echoes
of complex advanced function or overall design within the setting of a small, confined first application or small
function set, the transition of the user from novice to expert can be facilitated. For instance, if a small introductory
word processor includes functions for making characters larger or smaller, might it work for this to foreshadow that
graphics functions and more abstract functionalities also allow changes in scale, similarly evoked?

13. TheVoid. Christopher Alexander writes (The Nature of Order, Part |, p. 80) On the most profound centers
which have perfect wholeness there is a the heart avoid, which is like water, in infinite depth -- surrounded by, and
contrasted with the clutter of the stuff and fabric all around it....Is there away that the presence of the void arises
mathematically, as part of astable unified structure, or is it merely a psychologica requirement? It isthe latter. A
living structure can@be al detail. Thebuzz finally diffuses itself, and destroys its own structure. The calm is
needed to alleviate the buzz.O

One obvious interpretation of how this might apply to HCI design is to point to the danger of over-optimizing and
re-engineering. Thisis another way to conceptualize the point that Harris and Henderson made.

Another interpretation is that there should be a place for the individual team, the individual user, and the individual
role of the user to "fill in" with specific function. A fairly trivial example of thisis simply that most "spell-check"
dictionaries and Automatic Speech Recognition facilities allow the user to add their own vocabulary elements.
Many systems also allow the user to store their own objects, functions, macros, etc.
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14. Simplicity and Inner Calm. Christopher Alexander (Ibid., p. 85) writes CEverything essentia has been | ft;
nothing extraneous is left. But theresult is simple in a profound sense, but not in the superficial geometric sense.
So it isnot true that outward simplicity createsinner calm; it isonly inner simplicity, true simplicity of heart, which
creates it.0

Amen. This seemsto be crying out against "feature-creep” --- the adding of the union of whatever features any
competitor actually has or has pre-announced and whatever features any programmer on the team has time to
program regardless of whether such features add to the actual utility of a system, application, or widget. The lack of
simplicity and inner calm is even more apparent when needed aspects of a system are not allowed for in the basic
architecture and must be "hacked in" later. So, it would seem that the architecting for breadth and then being austere
in implementation might be one heuristic for achieving this.

15. Not-separateness. In HCI design, this seems to reflect the following interconnected set of notions.

Users do not come alive at the instant they begin using your system and die when they exit. They come with
preconceptions and the system affects their lives outside and after interacting with your system. Thisis most
dramatic, perhaps, in the case of Repetitive Stress Injury, but applies more subtly in various other cognitive and
perceptual domains aswell. What is the impact of continually placing the sensitive analog body movement
capabilities against the crude, digital, discrete world?

Information, artifacts, and results do not live only in the space of the computer system we are designing. | visited a
lab with Lewis Branscomb (former Chief Scientist of IBM) once where we were being shown anew printer. The
printer was cheap and produced a curly, silver piece of paper about 5 inches by 4 inches. Lew asked the inventor,
"what will the person do with this piece of paper after he getsit off the printer?' It was clear that the inventor had
never considered this question. There was no existing infrastructure (folders, binders, etc.) to support the collection
and use of curly, silvery, 5" by 4" pieces of paper.

Further examples of considering the "ecological validity" of design can be found in Thomas and Kellogg.

A notefrom J. Thomas:
| think that the fifteen properties may serve as guiding principles to be used in conjunction with the development of

amore specific "Pattern Language" for HCI. The current draft is merely afirst attempt and could benefit greatly
from Diaogue and critique.

* Theideas expressed here are thos of JThomes.
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END NOTES

i Information from Charles Y oung, a pre-Architecture program advisor at Calvin College
i Many contemporary architects rejected Alexander@ pattern approach because they considered it highly abstract

and impractical. See Nikos A. Salingaros® The Structure of Pattern L anguages.

http://www.math.utsa.edu/sphere/salingar/StructurePattern.html

iii Theideais that adaptation and generativity occur naturally in traditiona societies where the loca people build
their own houses, etc. Thus, by identifying with the common rel ationships between a set of patterns (i.e. sharing a
pattern language), that exists in their society, the local people were able to generate complete living structures.
See [3] for adetailed explanation of this concept.

iv My definition of software is that used in Terry Winograd@® Bringing Design to Software: software is a Gnedium

for the creation of virtualitiesBaworld in which the user of the software perceives, acts and responds to

experiences.O It ishelpful, in this case, to think of the user as an inhabitant, rather than a user of the virtual space.

v See Alexander@ The Nature of Order for acomplete explanation of this concept of centers: this concept of centers
and the 15 properties form the foundation of that book.

vi Alexander states that his original concept for pattern languages was based on certain generative schemes that
existed in traditional cultures. However, in trying to imitate these schemes in his pattern language, he ended up
spending more time on the individual patterns and less emphasis was placed on the fact that these patterns had to
be used sequentially to produce a coherent result.

vii Enoch Y. Wang and Betty H.C. Cheng in their paper, A Rigorous Object-Oriented Design Process, describes a

design process which achieves mathematical rigor in design specifications and applies formal methods during

design, which enables the developers to detect and avoid design flaws.



