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100l for research in design theory and methods. Games

offer ¢ means of isolating certain aspects, of concepts, of designing for purposes of scrutiny. A game
provides an environmient for a group of plavers, acting with individual goals and a shared program, 1o
miagke and transform complex configurations, free of functional requirements. Adjusting game parameters
emphasizes different voncepts. We have developed nine games thal explore a variety of concepts of

general nterest (o those concertted with organi

=ing physical configurations. Bevond these particular

concepls, we argue that games dre d useful way to.couch studies in design theory and methods.
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This report describes our work on using games as 2 ol
for research in design theory and methods. Using games
as research tools follows paturally from our previous
work in design methodology and theory as applied to the
design of built environments‘"3. By way of introducing
our current efforts, therefore, we review a few key
aspects of this earlier work.

Human settlements are complex artifacts. They are
often large and may extend over vasl areas. They differ
considerably from one culture to another. They also are
used over long periods of time, during which they can be
subject to dramatic transformations. Today even a single
building is 2 fairly complex thing. It embodies an array of
subsystems: the structure. various systems of partition-
ing, envelopes to shield it from the elements, and systems
for heating, ventilation, electricity, water, gas and
communications. The building must house many interre-
lated human activities that may vary considerably over its
lifetime.

In studying the designing of buildings and urban
environments we decided not to limit out attention 10
what a single designer does to a static artifact. In our
investigations we observed two important principles.

e There are always many designers. The artifact 1o be
made is designed in 2 process of cooperation and
negotiation among many actors, The participating
designers have different expertise and their responsi-

gn theory, design methods

bilities in the larger design task can be distributed in
many ways.

¢ The artifact changes all the time. Human settlements
are never finished and we keep designing them.
Though each designer can finish his individual task,
urban environments and also individual buildings
continue 10 be designed upon throughout their
lifetime. Most design work in architecture and urban
design relates to artifacts aiready in place that must be
added to or changed. Even a new building usually
adds to an existing urban environment; hence the
design of the building alters a larger object — the
environment — of which it becomes 2 part.

Corresponding to these two principles, we introduced
rwo new issues in our thinking about design theory and
methods.

e Designing is a social activity that takes place among
people who negotiate, make proposals, set rules for
their conduct and for the work to be done, and follow
such rules. In short, to 2 large extent, designing
involves agreement-making and rule-making.

¢ Designing is about morphological change. Designers
must understand the transformations of complex
physical organizations. We believe -that complex
physical organizations have certain transformational
properties in common. regardless of their function.
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These two issues must be seen in relation to each
other. The interaction between designers and the con-
figurations they organize and shape is at the core of
designing. This brings us to study how designers
manipulate and transform complex configurations, while

making agreements and rules as to how to go about their

work. Much of our work results from this enlarged
perspective. The methods we have developed in the past
seek to improve the performance of design communities
working on buildings and urban environments that
change and adapt.

Concept design games

When designing involves the interaction of many actors,
all involved with transforming an artifact, we see
similarities with board games. In the games we describe,
several players work with a configuration on a board. As
when designing, players must fit pieces into an existing
field; rules, conventions and principles limit how they
may move; and thev make flexible, negotiable arrange-
ments about what conventions and rules to use in a given
situation. Last but not least, plavers make projections for
configurations 1o be constructed. In these ways our
games resemble recal-life design siwations. Yet, in
conirast to real-life experience, the games enable us to
study design actions by providing an environment that is
manipulable and well bounded,

One of the most difficult aspects of undersianding
designing has always been that too many divergent acts
occur simultaneously, defving simpie description. We
found it useful to develop a set of games that each isolates
and focuses a single aspect, each giving a clearer picture
of what just some of designing is about. Seen this way,
our games may appear remarkably one-dimensional,
stressing one aspect while suppressing, or even leaving
out entirelv, other aspects of designing. However, our
games alwavs preserve the basic unity of the design
experience in that a variety of actors work together in
transforming an artifact. Thus our games incorporate the
:wo issues of designing mentioned above.

We found that in a game we can bring forward aspects
that represent concepts guiding our designing. When we
communicate as designers we share certain concepts that
cause us to act in certain ways; through these same
concepts we also ‘understand’ each other’s actions,
Devejoping and plaving games, we learn about the
concepts we hold. That is why we call our games
‘Concept Design Games’.

Figure 1 shows a simple example of using a game to
illustrate a concept. Here we recognize the concept of
‘dominance’ by observing the players’ moves. (Player A
is said to dominate plaver B if A’s moving a piece
requires B to respond, but not vice versa. See Appendix
I1.) This is not a design game, obviously, but it mav be
the beginning of one. Rules creating a situation of
dominance between plavers can provide a context for a
game that also involves designing a configuration on the
board to meet certain programmatic demands.
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Use of a game tw illustrate a concept

Figure 1.

Understanding form, not function

The action-oriented approach we find in games stresses
the role of the phyvsical artifact. The configurations we
engage with ‘behave’ in certain ways, and this behaviour
shapes, to a significant extent, the way we organize
ourselves as designers. When we use the term ‘behaviour’
in relation to the thing being designed, we mean the way
the artifact allows or resists manipuiation and trans-
formation. Through studying change in the built en-
vironment we have become aware of how such form-
behaviour influences our actions as designers.

As with all investigations of physical phenomena,
observing change is the key to understanding inner
structure. Because our subject — the artifact designed - is
of our own making, the changes we observe are the result
of design decisions. We find a dialectic' situation: we
shape the artifact, but in turn the artifact shapes the way
we organize our design processes. These dynamics reveal
hierarchicai structure in the artifact and territorial
structure in the organization of design responsibilities.
The concepts of hierarchy and territory drive several of
our games. These concepts are relevant to all parts and at
all sizes of the built environment; to the room as well as
the city, and to the construction detail as well as to the
larger built framework. We do not know whether these
principles also apply to other compiex artifacts outside
our domain, but other investigators mayv well find
Interesting similarities. .

What we can learn in this way about physical
configurations differs from the functionally oriented




_knowledge that designers usually express about their
subject. Buildings and urban environments are designed
by many specialists of markedly different interests and
backgrounds. Functional knowledge is what separates
them. The artifact that brings them together can onlv do
‘so by means of properties that are not functional. In
real-life designing, we rightly pay a good deal of attention
to functional matters, but in our games we play with
configurations that do not refer to any real-life artifact.
Thus the games eliminate the functional knowledge
designers usually bring to their work. This limitation,
though severe, may help us understand the extent io
which designing can be seen as a general activity.

A research tool, not a design tool

The concept games we have developed do not resemble
reality the way simulation games do. The latter are based
on functional knowledge and they succeed to the extent
that they preserve real-life facts and real-life disciplines.
In contrast, concept games extract an aspect from reality
and enlarge it.

Concept design games are research tools intended to-

help us better understand designing. They do this by
opening to scrutiny the concepts we use as designers, as
well as the structures of the complex artifacts we
manipulate. They are not meant to be tools for designing,
nor are they made to help teach designing.

A game box

One product of our work is a ‘game box' that wil] allow
readers to develop their own games, shaped around
concepts that interest them. The game box is our way of
making operational the idea of design games as a research
tool.

The game box contains: _

® A basic terminology for discussing the structure of
games. :

e An explanation about how to create a ‘technical
universe’ to play with, for each game, from a larger set
of pieces. We also present a set of pieces of different
kinds, out of which many such technical universes can
be composed.

e An account of what we learn about game develop-
ment, including a discussion of five strategic questions
that game developers must address.

¢ A computer-based method 10 record game playv.

e Nine games (o serve as examples, dealing with a
variety of concepts in which we were interested.

We found, not surprisingly, that by developing a game
based on a particular design concept, we can learn much
about the concept. Game development in itsell is a
powerful form of research. In our work, game develop-
ment went hand-in-hand with game plaving. As we

developed each game we plaved it, modified the rules,
and played it again. The most interesting games may
never be finished because we keep changing them,
probing new ways to see the subject, finding new ways to
deal with it. The nine games we submit are therefore
open-ended. We present a playable version of each game
but also suggest variations on the game structure that
might prove interesting. We found that each game opens
a whole field of possible inquiry that we had no time to
enter into. In this way the game box is a research tooi.

While game development is a form of research, a
finished game can serve as a research tool as well. The
game is a stage for exploring design behaviour; it
establishes a certain context. By playving the game we can
tearn more about what we can do in that explicitly
constrained context. We can use games this way to study
how designers negotiate, come to agreements and follow
conventions. We may learn about how design teams
approach problems, or we may study alternative design
processes. We can compare different ways designers can
organize themselves relative to a design coniext set up by
the game. -

The scope of our project, however, did not enable us to
study the extent to which concept games can serve these
uses. Nor did we submit the games to players outside our
development team in order to gauge the games’ accessi-
bility. Much less could we explore the development of
research programs in which the game would serve as a
tool. However, from our experience with playing the
games, we feel confident that they can be used as vehicles
in researching design behaviour. Thus the idea of the
finished game as a tool remains untested although we -
believe it to be most promising.

The game box is a tool for demonstrating and testing
concepts about designing. Based on our previous experi-
ence in design theory and methods, we selected concepts
that we knew to be of particular interest. The reader need
not share our interest in these particular concepts to find
the games useful. We hope indeed that others will use the
same game box in quest of very different ideas. Bur to
follow our work the reader must become acquainted with
the concepts we chose to work with. Not all these
concepts are generally familiar among designers. The
next part of this paper presents several concepts in our
games in summary form.

PROPERTIES OF CONCEPT DESIGN
GAMES

The nine games we developed are very different both
because the concepts that drive them are different and
because we sought to make as wide a range of game forms
as possible. It will not do to give a single game as an
example because to understand the common properties
of the games, one must see several different games.
However, rather than presenting detailed descriptions of
several games, it seemed better, by way of introduction,
to discuss a few aspects characteristic of all of them.

DESIGN STUDIES
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Variable physical organizations

All our games are board games and thus are plaved with
pieces on a board. We played with the parts that wooden
clothes pins are made from (we call them ‘pegs’), nails of
Jdifferent sizes and washers.  We also used self-sticking
labels bought in a stationery store. These pieces offered
the variety of size, shape, material and colour that we
needed and they have the advantage that they are readily
available. Although we also made a more sophisticated
set of pieces in acrylic, all our games can be plaved with
the simple versions.

Each game uses only a selection of these available
pieces and they are used differently in each game. An
important part of developing a game is therefore making
an appropriate “Technical Universe' for it. The Technical
Universe 1s the physical svstem out of which we design
something. It is the sum of the constraints embodied by
the pieces themselves and the allowed deplovment
relations, mdependenl of the board they mav be de-
ployed on. :

Not only can Technical Universes differ from game 1o
vame, several verv different Technical Universes can
serve the same game. This is because most games rest
primarily on certain relational properties of the Technical
Universe posing constrainis to the plavers. Though we
may play with configurations of different shapes, we may
ubserve similar constraints.

Playing a game in different physical circumstances can
clarify the concept under scrutiny. Figure 2 shows two
configurations from different Technical Universes. Each
can be interpreted as having two svstems (black and
white). Seen in the context of transformation rules. the
sysiems operate on different levels in a ‘dependency
hierarchy’ where the higher level system (black} domi-
nates the lower level (white). It is possible 10 make the
same hierarchical structure in each of the Technical
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Figure 3. Aliernatize control disiributions for the lower level of a
configuration

Universes. In the first the relation between the levels is
connection; in the second the relation is enclosure. To
the extent that the hierarchical structure drives the
plaving, these two alternatives are equivalent.

Control distribution

The control of the plavers over a certain configuration on
the board can usually be distributed in many wavs, This
contrasts with board games we are familiar with, such as
Chess and Go, where the control distribution is inflexi-
ble; one party plavs White and the other plavs Black.
Figure 3 shows alternative control dxsmbuuons for the
lower level of a configuration. '

Control patterns over a given Technical Universe are
an important variable in design games because they
reflect the way we organize ourselves to work on a
complex configuration. Depending on the purpose of the
game, they may be set bv the game developer or left open
for the plavers to determine.

Territorial organization

For a plaver to manipulate par1 of the vonfiguration, be it
a local part or a subsvstem distributed across the whole
board. he must have space to work in. Parties operating
simultaneously within a restricted space operate within a




territorial organization. There are ‘private’ spaces a party
can work in without interference from others and ‘public’
spaces where parties must share space.

As distinct from the control of preces the territorial
organization has to do with control of parts of the board.
Understanding the territorial distribution in a given field
for purposes of design can be important for design
efficiency. Multi-levelled territorial hierarchies may
occur. We can learn about territorial organization in
complex design situations by observing processes of
urban settlement and change. We translated twe. basic
urban organizational patterns into two territory games.

The tertitorial organization adopted for a particular
instance of play cannot be fully fixed because usually we
do not know exactly how much space we need to do our
job. The territorial boundaries must shift within a given
hierarchy of territorial organization. In territorial orga-
nization, we find another variable of Concept Design
Games. This variable too, may be set by the game

* developer, or left open, allowing plavers to choose
alternative patterns of territorial distribution.

Figure 4 shows a fragment of one of the games in

which territorial organization is part of the Technical
Universe. The boundaries formed by nails have gates and
enclose clusters of pegs. The territorial hierarchy is
indicated by the letters at the gates, A being a higher
jevel territory than B. Note that the physical organization
is not one-to-one with the territorial organization: the
same kinds of clusters can occur on levels B and C,
depending on the number of gate crossings needed to
reach them. In Figure 4, the clusters with gates B are in
‘public’ space relative to the ‘private’ space containing
clusters C. In this example, territory is formalized as part
of the game by the use of nails to mark boundaries. In
most games territorial organization occurs informally and
boundaries are invisible; nevertheless territorial orga-
nization can be used to subdivide and coordinate work on
the board.

Program

Control over pieces and over parts of the board is
common to all board games. As we have seen, in our
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design games these variables become active, subject to
change in development and play. The idea of a ‘prog-
ram’, however, is particular 1o design games. The
program is a task common to all players. It is distinct
from the ‘goals’ that.individual players have in all board

games, our design games included. The program de-.

scribes certain board conditions that must be fulfilled to
complete the game. Without a program the individual

goals of the players make for a competitive game. The

program leads players to also cooperate and plan
together.

Because design games have a program they can never
be purely competitive. Individual roles played in the
games may compete with each other for reasons of
scarcity of resources (pieces or space), or because of
conflicting goals. But these must be reconciled with the

common task and herein lies the source for negotiation

and ultimate agreement and shared rulemaking. The
pursuit of a2 common program can also bring tensions
were plavers interpret the program differently or advance
different ways to achieve it. The program brings into the
game many interactions we associate with designing.

In-play development

Another aspect particular to.design games is that the
game may be developed as much by the players as by the
initial creator of the game. The variables mentioned so
far — control distribution, territorial organization, and
program interpretation — can be available to the players
and indeed these represent typical variables to design
teams in all design tasks.

We can therefore say that the work done by the game
developer is continued by the team playing the game.
This is only. natural because both engage in a design
process; the developer-designer setting the stage for the
player-designers. It is the game developer, however, who
determines the degree of freedom given to plavers to
engage in these activities.

Many players, many pieces

Although some of our games can best be played with just
two plavers, it is in the nature of design games that tasks
and organizations can proliferate. In most games we can
bring a larger number of players and increase the size of
the board and the number of pieces accordingly.

Even when only two plavers play they may find it of
interest to work with large and complex configurations
on the board. We are interested in interactive processes
among designers because many design tasks today raise
questions about controlling complexity. It is important
that configurations on the board can, when needed.
become sufficiently complex to reflect such conditions.
To find the right balance between order and complexity.
and between complexity and playability makes the game
development a design challenge by itself.
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RECORDING DESIGN GAME PLAY

Our main objective in developing a recording scheme was
to assist game developers in analysing zame play. In the
course of developing a game we would play it several
times, then {ind ourselves unable to remember in detail
how the game went. After playing, we would propose
and discuss modifving the rules to improve the game, but
we needed to know what actually had occurred. We tried

. recording play by photographing the board after each

move using an instant camera, but this proved difficult
and distracting. We considered using a videotape recor-
der but this, also, seemed to involve too much extra
effort, both in recording the play, and again later, in
viewing the tapes. Videotape might be a good way to
record the games if one wanted to observe all events:
including those not directly pertaining to game play, but
we merely wanted to record the moves made.

Games that forbid players from moving or removing
pieces once placed build, in effect, a partal record of
game play. The board ar the end of play contains every
move that was made. Tic-tac-toe is a simple example. In
such games it may be possible to reconstruct the
sequence of play, or at Jeast plausible sequences of play,
just by looking at the board at the end of the game. But in
our concept design games it is usuzlly impossible to
reconstruct the sequence of moves from the final state of
the board. Hence our need for 2 means to record moves
as the game is plaved.

From the start, we thought to consiruct the game
recorder as a computer program that could accept
descriptions of games moves and displav games states
and histories on the screen. It was logical, therefore, 10
consider using the computer to develop and play the
games as well as to record game play. Initially, however,
we decided to develop our games outside of the
computer, We wanted to play with physical pieces on a
physical site. We wanted to ensure that our games could
also be plaved without a computer. We thought of the
game recorder as a tool in a larger game development
Process.

Recording and reviewing

The game-recording task is minimally construed as
keeping track of pieces placed: added, removed or
moved. This includes recording:

® whar piece

¢ where it is placed
e who placed it

¢ when it was placed

Recording just this information would be useful for
post-game analysis. In an extended version of the game
recorder we may also want to record why the piece was
placed, check whether the move is legal, and perhaps 10
keep score. Further, we may want the game recorder to
keep track of rules, agreements and negotiations made
among the plavers. Evenrually we would develop the




game recorder towards an environment for game play
and game development.
The purpose of recording histories of game play are:

e to view and review previous game stales, sequences of
states, and entire histories of game play

e (o restore previous game states

® to replay games from previous states

A history of a single instance of play is simply a sequence
of moves and board states. When a game is replayed from
an intermediate state a branch is added from that stare:
the sequence becomes a tree. The history now represents
a set of alternative ways the game was plaved; with every
replay, the history tree becomes bushier.

Notation

Chess notation offers a model for our recording scheme.
Three column-inches of newsprint suffices to record all
the moves in a game. Chess notation describes a process,
the sequence of moves from opening to endgame. The
two plavers’ moves arc listed in order. Each move names
a piece, and describes its final board position: P-QB4,
or, for a capture, it names the twuo picces that engaged:
P x P. Chess notation is sparse, as measured by the
number of characters needed 1o record a move. or a
game. It conveys each move using a smail number of
symbols.

In part. the elegance of Chess notation derives {rom
assuming the reader understands the game rules. For
example, to interpret the notation P = P the reader must
know how pawns capture in order to determine which
two pawns might be involved. If the notation did not
presume this knowledge, 1t would need o describe the
pawns’ initial locations, and this would require more
svmbols. Thus if we devise a different game using the
Chess board and pieces, it is most likelv that we cannol
use Chess notation to record play in our new game.

This last observation relates directly o our probicm.
We wanted to devise a means L0 record play across a
variery of different games. As mentioned above. in some
of our games the rules change, are left unstated, or are
invented as a part of play. Unlike Chess notation,’ our
recording scheme cannot rely on knowledge of the game
rules.

Layout janguages

From notation we came. therefore, to the idea of a layout
or picture language. A lavout language offers a means to
describe and manipulate a two- Or three-dimensional
configuration of physical elements as a svmbolic code.
Once we have represented the layout in symbuolic form.
we can apply standard list-permuting and pattern-
matching techniques. either Lo transform the lavout. ot
to recognize, parse and classifv its features. By using a

layout language 1o describe the physical conliguration on

the game board we avoid integrating the noiation system
with the game rules. '

Layout, or picture languages have been widely ap-
plied. Physicists devised picture languages to describe
patterns of atomic particle scatter’. Layout languages are
also used by VLSI designers in the layout phase of
automated integrated circuit design®®. The formal
properties of layout languages have been studied’. A
picture language can be recursive and purely functional®.
The shape grammar formalism used in some studies of
the built environment”'° to represent thematic variation
in built environments is also related. '

Writing form

We call our lavout language ‘Writing Form’, or “WF’ for
short!!. The game recorder uses WF to represent board
configurations. It is implemented as an embedded

_ language in an object-oriented dialect of Commeon

Lisp'?. WF nouns refer to material and space elements;
\WF verbs refer to- operations for arranging these
elements in space. WF’s primitive arrangement opera-
tion strings elements along imaginary lines. Each WF
sentence denotes a configuration of material and space
elements; the most elemental description of configura-
tions are given in terms of edges and distances.

For example, the ietter ‘E’ can be described in W= as a
horizontal string of two elements: 2 vertical edge (eld and
a vertical string of three horizontal edges: two identical
top and bottom edges {(e2) and a middle one half as long
(e3), with a distance id1) between each pair of horizontal
edges (see Figure 3). First we define these edges and the
distance, then we string them together to make the ‘E’
configuration:

(define el {edge vertical 30))
(define e2 (edge horizontal 20))
(define 3 (edge horizontal 100
(define  dl{distance 100
{define E
{string horizonial

el :

.string vertical e2 dl eddle2)))

The names of the simplest elernents — the edges and

e2-2

1-2
e3-1

1-1

v
e2-1

Deseripnion of the letter 'E7 e WF

al-1

Figure 5,
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distances — are shown in the diagram. Note that each
elemnent is named uniguely, even the two instances of
edge ¢2 that form the top and bottom horizontal edges of
the E. -

Writing Form users can extend the language in two
wavs. First, WF may be extended by defining new
element tvpes. Element types defined within WF are
first-class WF objects: thev may be composed apd
configured in the same ways as the built-in edge and
distance elements. Second, users can define new opera-
tions for positioning elements relative to one another.
These operations are independent of the elements they
may be applied to. For example, players may define
alignment, centring, equidistant spacing as well as more
complex means and routines for positioning elements and
configurations using parameters, conditionals and itera-
tion.

We have built two interpreters for the WF language.
The first — we call it the WF interpreter ~ translates WF
expressions to layouts for display. The second - the WF
reader — translates lavouts entered with a graphic editor
into WF expressions. For our present purposes it is
sufficient for the WF reader to generate any WF
expression that describes the lavout. (Here we are not
concerned with simplest or canonical forms.)

A game recorder

The game recorder appears to the plavers as a graphic
editor. Plavers record moves by directly manipulating
pieces; they need not learn the WF language that the

game recorder uses internally 1o represent board states.

The game recorder screen is divided into three parts {see
Figure 6). Cne part contains a supply of elements of
various types. Each available element type appears as an
icon; selecting the icon generates a new element instance
that can be placed on the board. Another part of the
screen contains the game board and the pieces in play’
Most recently placed pieces are specially marked. A thir

part of the screen displays the game history.

Players take turns in making moves: selecting elements
from the supply and placing them on the game board,
moving elements aiready on the board or removing
elements. The game recorder, using the WF reader
described above, translates these moves into its internal
representation and stores them in its history. Players can
view game states by selecting items on the history and

- also explore the consequences of making alternative

moves by playing games over again, beginning at
intermediate states.

The game board at any time is described, internally,
by a-WF expression. As we have seen, the physical
configuration and the symbolic WF representation cor-
respond directly. It follows that their transformations
also correspond directly. Adding, deleting and moving
pieces around on the board corresponds to (lexically)
adding, deleting and replacing symbols and subexpress-
ions in the WF expressions. The ‘current board state’
expression may also be viewed and edited in a text buffer.
Changes made textually will alter the lavout and this
change will be recorded as a move.

-Extending the game recorder

So far the game recorder only records players’ moves: the .
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Figure 6. Game recorder screen
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equence of board states and transformations. Now we
.Vant to extend the game recorder to take account of
rules. In particular we want it to know about constraints
on the selection, placement, and dimensions of game
pieces. Such constraints determine the ‘behaviour’ of the
~ game pieces. It must be possible for players as well as the
game developer to write these constraints. Here are some
exampies of constraints we want the game recorder to be
able to handle:

‘washers only on grid crossings’
‘pegs always perpendicular to nails’
‘3 washer must occur wherever 2 nail and a peg meet’

In games where a well-defined technical universe
dictates allowed and forbidden arrangements of games
pieces, we want the game recorder to check players’
moves for validity. In games where plavers introduce
rules during play, the game recorder should keep track of
when rules are entered, rescinded, applied or violated.
Once the game recorder can be taught rules, perhaps it
could also suggest possible moves.

To achieve these goals, we are recasting the game
recorder and the WF layout language within a constraint-
based computing environment. Following well known
work on constraints'*'%, we have developed a constraint
language'®'” and connected it with a package of
interactive graphic routines. The constraint language
interpreter maintains. manages, enforces, and solves
relations among variables that describe attributes of a
system whose behaviour we wish to simulate. We can use
constraints to describe both the geometry of our picces
and the rules about piece placement.

For example, we can define ‘peg’ as a special class of
‘rectangular physical object’, with fixed dimensions, and
certain position constraints with respect to other similar-
ly defined objects, for instance, nails. We might require
of pegs that they must alwayvs be connected and
perpendicular toa nail. If we place a peg parallel toa nail,
the game recorder can (1) report the violation and reject
the meve; (2) report the violation but accept the move;
(3) rotate the peg 90 degrees in order to satisfy the
constraint, or (4) offer alternative ways to satisfy the
constraint (rotate the nail instead, turn the peg the other
way, urn both beg and nail 45 degrees, etc.).

The constraint-based version of the game recorder is
still under development. Initial experiments seem prom-
ising. In games, as in real-life designing, rules and
constraints play an important role. Therefore, constraint-
based computing seems 0 offer an appropriate technol-
ogv for our research in design theory and methods.
However, much work remains to be done, both to
advance constraini-based computing techniques and 1o
demonstrate that design rules can be expressed in these
terms. We have found our concept Jesign games a useful
vehicle for both these aims. :
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