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Idle speculation on intelligent environments is usually of the "what if" 
sort that quickly enters the realms of science fiction. Need, economics, 
and even theoretical, let alone technical, feasibility are banished to the 
real world where they, together with architecture, presumably belong. The 
result is some amusing speculation seemingly guaranteed to be 
unrelated to any major issue of the day and designed to upset all but the 
most iconoclastic of wet dream architects by its frivolity. We are about to 
enter a para"el universe that happens to be your home. The very idea 
seems time bound; it belongs to the psychedelic sixties in a way that 
brings to mind a futurist of the fifties forecasting a helicopter in every 
backyard by 1975. The energy crisis, environmental pollution, political 
bugging, and a" the other sad facts of the sober seventies are set aside. 
Viewed in these terms the investment of "inte"igence" in the man-made 
environment seems a surrealistic dream of doubtful desirability, unlikely 
to be realized. 

Yet is it? "What if" despite her banishment, necessity herself, that 
well-known mother of invention, is pushing us in that very direction? It is 
certainly not too difficult to build a case along these lines. Imagine-it 
has been done-an on-line traffic monitoring system that informed you at 
each traffic intersection of the relative traffic densities along each branch. 
Such a system could save motorists considerable amounts of gasoline 
while wasting very little energy to operate. We would also have a 
real-time transport map of the city which, correlated with energy 
densities, land uses, and so on, would probably tell us more about urban 
dynamics in six months than we have learned in years. 

It has been calculated that if MIT installed a minicomputer (we plan to 
do it) to watch the campus load profile and regulate a" lights, fans, 
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radiators, and thermostat set points on MIT's antiquated and sprawling 
campus, it would pay for itself in energy and labor saved within days. 

Both of these examples are progeny more of the base and unassuming 
thermostat married to the common counter and so blessed with memory 
than of a "machine intelligence." Yet they are happening for sound 
economic resons. It would seem that after a century's preoccupation with 
the physiology of buildings we are beginning to become involved with 
their metabolism and are even starting to develop rudimentary nervous 
systems for them complete with sensors and actuators. The ganglia will 
thicken. 

Some motels no longer heat up all their rooms in one go. Rather, guest 
rooms are heated up to match anticipated (binomial) guest arrivals 
according to a variable sequence that also considers external weather 
conditions and room groupings. A minicomputer is used to predict 
arrivals and determine room heating sequence to minimize overall energy 
requirements. The same system also handles registrations, personal 
services, accounting, and room security, including keeping tabs on the 
color T.V. sets. 

A major lumber company is constructing an experimental greenhouse 
that will be directly responsive to the tree seedlings it contains. 
Thermocycles, photoperiod and intensity, venti lation and nutrition rates, 
and so on, are all determined by the plants themselves in a 
growth-monitoring/equipment-activating adaptive logic system. The nurs
ery "learns" about its proteges, mothering them to maturity. Maybe the 
plants will be so much happier that they will grow in one year by an 
amount that used to take two. 



All this may still smack of the thermostat but the response parallels that 
of an elevator. The reason is that the system in the last example is 
exploring a possibility-space according to a hill-climbing routine rather 
than giving a predetermined response to a predicted situation. Its 
response is nontrivial in that some "learning" is involved and the form of 
the response is not predetermined. Its behavior is purposeful if not 
intell igent. 

However, if, in add ition to sensors and actuators our environment had a_ 
functional image of itself upon which it was able to map actual occupant 
activity, it would not only be able to monitor and regulate environmental 
conditions but also to mediate the activity patterns through the allocation 
of functional spaces. In short, it would know what was going on inside 
itself and could manage things so as to, say, maximize personal contacts, 
minimize long distances, conserve space, handle lighting or what have 
you on a day-to-day or hour-to-hour basis to provide a more efficient and 
gracious environment. It would also be able to observe the results of its 
interventions. Now, for "a functional image of itself" substitute "my model 
of me"; for "activity patterns" substitute "my model of you"; then, given , 
that we have two adaptive systems interacting with each other, can "my 
model of your model of me" be so very far behind? 

So far all these examples deal with the behavior of statistical groups in 
relation to physical conditions. Cybernetic cities, helpful hotels, solicitous 
greenhouses, and parsimonious campuses are still a long way from the 
living room. 

Because of solid waste disposal problems, water shortages, overloaded 
utility nets, and the energy crisis, a number of essentially self-sufficient 

127 



houses are on the drawing boards. They are heated and cooled by solar 
radiation, can share their heat, are powered by wind turbines, photo
voltaic cells, and methane generators and may provide 70 percent of their 
occupants' food supply through integral greenhouses and aquaculture 
systems. The umbilical cord with the control utility nets has been cut. All 
the external control practices now have to be internalized. At the level of 
energy flows and mass transport they are completely responsive 
closed-loop systems tied into the same natural processes that drive the 
rest of the biosphere. The control system will have to decide on the best 
way to use available resources to meet the occupants' requirements. The 
house becomes essentially an environmental regulating device mediating 
between its inhabitant and the external environment. As the functions 
handled awtonomously increase in complexity and interconnectedness so 
the response will become more personal. One can imagine integrated 
self-sufficient homes providing horticultural management, dietary plan
ning, and waste recycling (including uranalysis checks?); energy control, 
environmental comfort, and medical care; water recycling, hygiene, and 
maintenance and valet services; personal security, acoustic and visual 
privacy, and space planning advice; information processing facilities tied 
in with communications, and so on. Developments in building materials 
at the thermophysical and mechanical levels will provide multistate 
materials capable of quite radical transformations. The superimposition of 
end functions (illumination, silencing, warming, cooling, softening, 
supporting, accommodating, and so on) and process control (sensing, 
sampling, actuating, controlling) tend to emphasize material responses. 
We are talking more of artificial domestic ecosystems capable of 
intelligent responses than of computer-controlled conventional homes. 
Buildings that can grow and upgrade themselves, that open up like 



flowers in fine weather and clamp down before the storm, that seek to 
delight as well as serve you. 

How far this will or can go is open to argument but the fact remains that 
the concept of a physically responsive environment is being turned from 
dream to reality by the force, appropriately enough, of environmental 
circumstances themselves. We are making buildings more context 
responsive, and in doing so we should not forget that a building's final 
context of response is the needs and senses of its inhabitants. 

"Intelligent" environments, responsive to you and me and the outside 
world, may well happen. Responsive environments at a gross functional 
level already exist. 
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1 "Sounding Mirror" (1970), 
a light-sound transducer 
invented by Juan Navarro
Baldeweg that creates a 
sounding environment (musi
cal notes or oscillations of 
varying frequencies) respon
sive to people's spatial con
figurations. It can be attached 
to the body and has three 
photocells oriented right, left, 
and front. Participants carry 
small flashlights which they 
direct at others to create a 
sonic representation of 
movement and personal inter

faction. 

2 One appl ication of the 
Baldeweg device 

3 A pneumatic structure 
built for recreational pur
poses 

Responsive Architecture 

As a profession undergoes philosophical, theoret
ical, or technical transition, words in the vocabu
lary of the particular movement take on very 
special and sometimes distorted meanings. In 
some instances a word will slip into technical 
jargon with so many oblique and personal conno
tations that it can be effectively used in conversa
tion only with those "out"; in "in-jargon" it is too 
misleading. For example, when I was in school in 
the early sixties, the term a building was anath
ema. To design "a building" implied everything 
from fascism to romanticism, from making profits 
to foisting whims. Similarly, in the late sixties, the 
adjectives flexible, manipulative, and responsive 
have received a wide variety of conflicting 
definitions and interpretations with examples of 
flexibility ranging from the cafetorium to the 
teepee. 

While it is too easy and not productive to make 
one's own definitions and then to declare who has 
and who has not adhered to them, it is revealing 
to distinguish general thrusts associated with 
each attitude, irrespective of the adjective you 
may use. For example, the term flexible has 
generally followed the spirit of Mies van der 
Rohe's "less is more" in the sense that, when two 
activities have a large intersection (in set, mathe
matical, theoretical terms), we design for the few 
"ands." The "exclusive ors" are compromised, if 
not ignored, for the purpose of cohabitation of the 
two activities. Just as with any conduct, one 
maintains flexibility by making as few commit
ments as possible. 

The term manipulative, on the other hand, implies 
effort committed to making a close fit for each 
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activity by providing for change and alteration that 
can range from closing a curtain to moving walls. 
Each state of a manipulative environment is in a 
very real sense nonflexible. To achieve a multi
plicity of uses, the environment must undergo a 
physical transformation, large or small, at the 
behest of the users. What is important to my 
following arguments is that this change, that is, 

'manipulation, is an overt action directed by the 
user(s). The manipulative environment is a pas
sive one, one that is moved as opposed to one 
that moves. 

In contrast, responsive, sometimes called adapta
ble, or reactive, means the environment is taking 
an active role, initiating to a greater or lesser 
degree changes as a result and function of 
complex or simple computations. There are very 
few examples of this kind of architecture. This 
chapter considers extreme examples of respon
siveness, in particular those behaviors that could 
become manifest in homes of the future and be 
viewed as intelligent behavior. While the following 
sections speculate about the pros and cons of an 
intelligent environment in terms of specific experi
mentation, you should attend to your own notions 
of what it might be like to "live in an architecture 
machine" because, unlike the following discus
sion, your ideas will not be flavored by technical 
cans, coulds, and mights. Furthermore, there is 
some very serious question as to whether we 
really would want our environments, particularly 
our houses, to be responsive. While the case for 
responsive traffic systems or responsive health 
delivery systems can be made easily (hence not 
covered in this chapter), the case for a responsive 
living room only can be made after satisfying very 
personal questions of life style. 

The typical introduction to responsive architecture 
is made with the thermostat. Eastman's (1971) 
"Adaptive Conditional Architecture" carries the 
analogy to great length. I believe that it is the 
wrong analogue. In Eastman's essay it leads to 
the objectionable process-control model for archi
tecture, a decode-interpret-translate decision 
structure with old-fashioned feedback loops evi
denced in the most common oil burner. In 
contrast, let us start with another analogue, 
perhaps the only other: elevators. 

As in designing a heating system and equally 
unwisely, it would be possible to build a predis
posed system. By this I mean a system that has a 
pre-established model of the world and operates 
without taking further samples. In such a case, it 
would be necessary to study the vertical circula
tion patterns of an existing building with careful 
enough measuring and monitoring to build a 
deterministic or stochastic model of vertical 
movement. With such information it would be 
feasible to construct an elevator system that had 
no buttons but would stop frequently enough at 
the right places and go frequently enough to the 
right places so that everybody would be serviced 
at some level of satisfaction. This, of course, is 
how a public transportation system works and, as 
is the case with publ ic transportation, there exists 
a synergistiC bending of one's own timetable to 
meet the bus or subway schedule, and, perhaps, 
a means of altering (by an authority) the routing 
and frequencies to meet calendar needs. 

While such a system might work satisfactorily for 
an elevator or heating system (especially if the 
inhabitants did not know better), it is vulnerable to 
inefficiencies because it cannot satisfy the imme
diate demands of the users or respond to sudden 



changes that invalidate the model. Note that the 
addition of buttons to call for service allows for the 
complete removal of a model, that is, a schedule. 
The elevator system must be designed to meet 
limiting, worst cases as measured, for example, 
by tolerable wait limits (usually 20 to 30 seconds) 
at peak times (morning arrivals, in the case of 
office buildings). Once the elevator is installed, if 
use changes (a restaurant added on the top floor, 
for example), the tolerable limit may rise or fall for 
particular stations on the vertical chain. However, 
the response to my call will always be the direct 
result of the machine's sensory inputs. 

What happens in the case when I ring for the 
elevator to go down and it arrives full? I must wait 
and ring again. More soph-isticated elevators, 
however, take the previous modelless scheme 
and add, once again, a model. But this time it is 
not a schedule but a model of appropriate 
behavior. 

In the simplest case, a load cell is imbedded in 
the floor of the vehicle to sense the total weight of 
the passengers (a safer measure of elevator 
population than whether yet another passenger 
can fit on). This information is incorporated in the 
simple algorithm: if weight exceeds some maxi
mum, ignore all further calls until some passen
gers disembark. It should be noted that such 
elevators do exist and, to my knowledge, this is 
one of the few examples of trivial-but-serious 
computing in everyday physical environments. 

But now what happens in the following case? A 
full elevator is traveling down and one passenger 
is not going to the bottom, but to the fifth floor, 
let's say. At the same time, on the fifth floor there 
are two passengers who have rung to go down. In 

this situation, a very sophisticated mechanism is 
necessary if we wish the elevator to be able to 
notice the problem and to request that the two 
decide who the single newcomer should be or 
that both wait for another cab. 

From this point it is possible to extrapolate and to 
fantasize to the extremes of a courteous elevator, 
a suggestive elevator, a humorous elevator. In the 
same breath, we can wonder about the eventuality 
of its being grumpy, poking fun, or trying to 
befriend influential passengers by giving them 
more personal and efficient service. These are not 
preposterous possibilities; perhaps they lose their 
validity in the nature of the particular example. I 
propose to exercise such notions of responsive
ness in the context of a house. Maybe a house is a 
home only once it can appreciate your jokes. 
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Menage it Trois 

The founding notions for an intelligent environ
ment are in 8rodey's (1967) "Soft Architecture: 
The Design of Intelligent Environments." More 
recent reflections can be found in Avery Johnson's 
(1971) "Three Little Pigs Revisited." Neither 
paper, however, presents convincing examples or 
gives the slightest inkling of a picture or descrip
tion of how such a system might work. This is 
because there are no examples, there are no 
pictures, in short, there are no historical prece
dents of intelligent environments. Space capsules, 
cockpits, and any environment that consists solely 
of ,complex instrumentation are not the correct 
metaphors. 

The proper metaphor is the family with a new 
member in it-the house. Absurd, repugnant, 
perhaps wicked, but the idea deserves serious 
scrutiny not only because there are important 
issues like privacy at stake but also because it 
may be the most rewarding, exciting, and amena
ble of all conceivable forms of living. What does 
Johnson (1971) mean and what are the impl ica
tions of his position: "We must build environments 
that invite their playful participation so that their 
self-referent knowledge of their community will 
grow ... "? 

Big Brother is not only watching, he is measuring 
your pulse, metering your galvanic skin resis
tance, smelling your breath. No. Those belong to 
the paradigm: "An adaptive process for architec
ture is made up of: A sensing device, a control 
algorithm, a change mechanism, and a control 
setting" (Eastman, 1971). This attitude is typified 
in the sofa that alters itself to "fit" the body aloft 
and that initiates soporific music and smells at 

10:30 P.M. This view is wrong because it is T 
ignorant of context, because it is generative of a ! 
complacency hitherto unseen, and because it 
does not account for what Gordon Pask has titled 
the you-sensor. 

When I return at night and ask my wife to put the 
whatchamacall it youknowwhere, she most surely 
knows exactly what I mean and where I mean. She 
knows because she knows me in terms of all the 
models and models of models previously dis
cussed and because she can use this information 
in the context of my facial expressions, the 
weather outside, and whether we are going out to 
dinner that night. At the same time, her response 
is in the context of her own intentions, and her 
level of commitment to one behavior versus 
another is achieved by our participating in the 
same events with the same objects. 

Transposing a similar responsiveness to the 
phYSical environment suggests that it, too, must 
have purpose and intentions, and it must have all 
the paraphernalia required to build the necessary 
models of me and to use them in context. In brief, 
it is not a regulatory control system, it is an 
intelligent system. 



Recognition 

The simple sensing-effecting model of computa
tion that views a processor receiving signals from 
its sensors and emitting responses with its 
actuators is not appropriate to making responsive 
architecture; it is the downfall of the thermostat 
analogy. The problem with this model, as illus
trated in the adjacent figure (taken from Eastman, 
1971b), is that the consequences of inputs are 
determined strictly by a feedback loop, no more 
responsive than (and equally as regulatory as) the 
governor of a steam engine. The model is 
inappropriate for two reasons: (1) the "control 
algorithm" in the feedback loop can issue effector 
changes as a result of what has been sensed, but 
it cannot initiate changes in its own criteria; (2) 
the behavior of the system resides at the interface; 
not self-referent, it is oblivious to the important 
inputs of observing its own responses. This 
second reason is stated more elegantly by Avery 
Johnson (1972): "In orderto elicit meaning [my 
italics] from any data entering our sensorium, it 
either must have arisen as the consequence of our 
effector (outgoing, active) interaction with the 
course of the information, or at least imply an 
interaction [ital ics in original] in which we might 
engage with some other." 

In the feedback model a "policy" is necessary for 
the control algorithm and the control setting. For 
example, a simple policy might be: 72 degrees 
Fahrenheit and 50 percent humidity. The setting 
states the policy, and the algorithm maintains it. If, 
however, we should find a better policy or need 
special revisions (because someone is ill or in a 
draft), we must change the control setting, thus 
revising the parameters of the controlling algo
rithm. Can this be done implicitly? 

If we move one step back and revise the goal 
structure and replace the policy of 72 degrees 
and 50 percent humidity with a new policy, 
"maintain a comfortable temperature and humidi
ty," we not only have to consider varying parame
ters; implicitly or explicitly we must also consider 
which parameters to include at which times. In 
some situations a much cooler temperature might 
be appropriate, and in other instances the toler
ance of "fit" of temperature is so large that it 
becomes unimportant. Can a machine handle 
this? 

A final step back might be to view the goal of 
responsive architecture to be the support of the 
"good life" as defined by our individual tastes for 
a mixture of action modes: sleeps, eats, drinks, 
voids, sexes, works, rests, talks, attends, motor 
practices, angers, escapes, anxiouses, euphorics, 
laughs, aggresses, fears, relates, envies, and 
greeds. The table on the following page is from 
Iberall and McCulloch's (1969) "The Organizing 
Principles of Complex Living Systems." In this last 
case, the responsive system must know me. To 
this point it might have been possible to tune a 
passive device, singularly concerned with the 
manipulation of a handful of criteria within compli
cated but well-stated contingencies: if this and if 
that or that, then this and this. In this last case 
(and, I believe, in the one before) we definitely 
need the you-sensor. 

The mechanism necessary to recognize enough 
features to distinguish you from me is formidable. 
As a particular example, I am drawing upon the 
master's thesis of Mark Lavin (1973) on GREET, a 
doorway that recognizes who is passing through 
it. The experiment has many implications that 
exceed the scope of the example; however, in 
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today's technology, it is the epitome of the 
you-sensor. At the onset of the experiment we 
must deny the recognition mechanism of inputs 
from any overt action required on the behalf of the 
person passing through the door. As soon as we 
ask him to speak (to get a voice print) or to touch 
a door knob (to measure galvanic skin resis-
tance), we might as well give him a key with the 
thirty-two (four bytes!) notches necessary to distin
guish any person within the entire population of 
the world. The recognition should take place 
without counting on any single or small set of 
"faithful inputs." 

There have been several experiments in people 
recognition, especially face recognition (Kelley, 
1970; Bledsoe, 1966-with the sordid application 
of sorting mug shots). What they have in common 
is the requirement of strict protocols for "being 
seen" and, more importantly, the examination of 
high-resolution information. Unique (to my knowl
edge) in Lavin's thesis is its use of low-resolution 
information. He observes only a few crude but 
telling features: height, weight, stride, foot size, 
and profile. 

These features can be recorded all at once to 
produce a point in n-space (where n is between 
five and seven, in this example). A statistical 
pattern recognition approach would be to look for 
the intersection of an n-dimensional blob to see if 
it is you or me or either of us. In the latter case of 
finding two blobs, the machine has to guess or to 
measure accurately (if it is worth it) a closeness to 
the "center of blob" as defined, perhaps, by a 
history of successful distinctions of you from me. 

A more promising approach would be to treat the 
problem much more heuristically (a method and 

attitude discussed in greater detail in Appendix 
2). This approach does not require looking at 
every feature at once. It examines a small number 
of "telling" ones that provide clues and strategies 
for examining or not examining others. For 
example, the adjacent figure shows a profile 
reported by GREET to the Architecture Machine. It 
obviously indicates that the parameter of weight 
ought to be considered marginally, but not 
ignored (because there is a whole class of people 
whom it could not be, probably, because their 
own weight is higher than that of the person 
carrying whatever). 

We can add to the procedure a description of the 
room to which GREET is the door and knowledge 
of environmental conditions outside. If it is the 
only entrance and if I have passed in one 
direction, it is unlikely that I am passing from the 
same direction. Or, if it is snowing outside, the 
likelihood of heavy shoes must be considered. 
Similarly, knowing my habits and idiosyncrasies 
can be incorporated into a powerful recognition 
system with low-resolution inputs. 

It should be realized that there is a major 
difference between distinguishing a small number 
of people (let's say five or ten) from all other 
people in the world and recognizing one out of a 
known population of a hundred or two hundred. 
The latter is easier and is what the Lavin 
experiment is testing. It should be understood that 
this is only one form of you-sensing, not necessar
ily the most efficient or, for that matter, the most 
ethical. There are some serious issues of 
door-tapping and jamb-snooping that can raise 
havoc with our privacies. 

137 





--- ·-t 

3 4 139 

1 Faces and machine 
"contours" taken from Kelly 
(1970) 

2 GREET. It used 280 
photocells for profile detec
tion. This illustration does not 
show the platform used for 
sensing weight, stride, and 
foot size. The project was 
curtailed prematurely. 

3 Man with a two-by-ten 

4 Profile of Andrew Lipp
man 
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The adjacent figures illustrate 4 Closeup with projection dis-
an integrated environmental play on 
control system for the Osaka 
Kokusai Building, completed 5 Display of water cool ing and 
in February 1973. The archi- warming capacities, including 
tects and contractors were of performance coefficient 
Takenaka Komuten Co. Ltd., (4.2), condensation tempera-
Osaka, Japan. Illustrations ture (36.4°C) and evaporation 
are courtesy of Takenaka temperature (6°C). 
Komuten and Mr. Makio 
Otsuju, who showed me the 6 Cool and warm water tem-
systems and helped me peratures on their way in and 

7 8 assemble the figures. out. Cool water lines are dis-

\ played in blue, warm in pink 
The hardware is composed of 
an 8K minicomputer, 131 K 7 Cool and warm water con-
magnetic drum, and a variety ditions in the middle stories 
of typewriter and video dis-
plays. Note that the actual 8 Indication of running con-
graphic displays are in color, ditions on the east side, 
regrettably not reproduced on including average room tem-
these pages. perature (23.0°C), room 

temperature at the moment 
1 A flow chart of the system's (22.9°C), return air tempera-
operation. The translation con- ture (23.2°C), outdoor temper-
centrates on sensors and ture (18.8°C), cool water 
effectors: A. platinum res is- temperature in (8.2°C); cool 
tance; B, temperature sensing water temperature out 
in rooms, ducts, ceilings, and (14.1°C); and supplied air 
concrete; C, water tempera- temperature (15°C) 
ture; D, solar radiation; E, 
water flow; F, wind velocity, 9 Section of the building 
direction, and atmospheric 
pressure; G, voltage; H, 10 Ground floor plan 
current; I, transformer; J and K, 
controllers; L, pumps; M, fans; Captions assembled from 
N, subsidiary heat; 0, com- material translated from 
pressor; P, main heat; Q, Japanese, courtesy of Mr. 
automatic adjustment devices; Masanori Nagashima. 
R, fan coils; S, hot water 
supply; T, electric supply; U, 

f gas supply; V, fire alarm; W, 
fire and earthquake sensors; 
X, analogue inputs; Y, digital 

;. 
:g;, 

outputs; Z, digital inputs. 

i " 2 Block diagram of system 
',0/ 

3 Control room with minicom-
puter in background 
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1 Inflatable for walking on 
water. Photograph courtesy of 
Sean Wellesley-Miller. 

2 Inflatable for children's 
play. Photograph courtesy of 
Sean Wellesley-Miller. 

3 Inflatable that responds 
to sunlight, ambient tempera
ture, and body movements. 
Photograph courtesy of Timo
thy Johnson and his students. 

Responses 

Speculation on or enumeration of exemplary 
responses by an intelligent environment is where 
this notion becomes rather suspect and the goals 
become flimsy. We can easily dream up opera
tional and informational responses that could be 
handled by a good computer terminal or loyal 
household robot, but they would not meet the 
definition of what we are calling responsive 
architecture. When we look at responses that have 
been suggested (in the literature) for architectural 
behavior, we find the most banal illustrations, 
reminiscent of second-rate light shows. Even 
Brodey (1967) offered hackneyed images: "If the 
heartbeat accelerates, the room becomes redder 
(for example); if his breathing deepens, the room 
takes on a richer hue. As the hue intensifies his 
heart may beat faster in response to the stimulus 
(the strength of the color which changes with his 
feelings). This personalized total environment will 
be capable of producing a profound experience 
without brain damage." I only hope so. 

What sort of behavior can the physical environ
ment exhibit? I propose two classes of behavior: 
reflexive and simulated. The first is a motor, 
visual, olfactory, or auditory response that takes 
place as a part of space, reflecting a purpose. We 
have very few examples of even the simplest sort. 
Electric doors, rotating stages, and motorized 
partitions are not good examples because they 
are activated by yes-no, overt commands; thus 
they are no more interactive than the turning on of 
a vacuum cleaner. We find more valid (but still not 
too illuminating) examples in the Rolls-Royce 
engine whose grill is composed of louvers that 
automatically open and close as a function of the 
heat of the engine and the ambient temperature or 
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the greenhouse that opens and closes a glass roof 
for the comfort (as determined by us) of the 
flowers. But these are process-control, decode
interpret-encode procedures of the thermostat 
variety. Do we have any better examples? 
"Self-organizing controllers can maintain (for 
example) average light levels or favorable bright
ness differences in the context of the weather, 
time of day, and the difference between your 
mood and that mood which was anticipated. The 
radiation or absorption of heat in direct exchange 
with the surroundings can be made relevant to 
your activities and to the thermodynamic condi
tions available. The acoustic properties of the 
inner spaces can be caused to enhance the 
privacy of a tete-a.-tete or the mutual involvement 
of a larger gathering. Walls that move to the 
touch-relevant to the function of support or 
moving back in retreat-that change color and 
form: streamlining themselves to the wind or 
shrinking down when unoccupied, are all possible 
within the state-of-the-art technology" (A. Johnson, 
1971 ). 

Johnson's vision is vulnerable in detail. What is a 
self-organizing controller in this context? How do 
we recognize mood? What encompasses the 
enhancement of mutual involvement? But the 
theme is instructive in its description of a 
participating, courteous (as he calls it) environ
ment with goals of a higher order than 72 degrees 
Fahrenheit and 50 percent humidity. Nevertheless, 
are not most of the responses going to come from 
voice output? The gesturing nature of reflexive 
responses is still difficult to imagine (and even 
find relevant). 

The second kind of response, what I have called 
"simulated," is easier to envisage. One can 

imagine a living room that can simulate beaches 
and mountains. One can fantasize experiencing 
the chills of Mt. Everest and the heat of the Congo 
within a simulatorium or within extrapolations of 
Sutherland's (1968) helmet that include sound, 
smell, and touch. One of the reasons that 
simulated responses may appear easier, more 
wholesome, and less troublesome than reflexive 
ones is that they are naturally relegated to play 
and entertainment and most probably will not 
intrude into the pragmatic, serious activities that 
are the cornerstones of our daily lives and the 
Protestant ethic. 

At this point, two other forms of response warrant 
elaboration: operational and informational. They 
are not exhibited through architectural gestures 
and transformations. However, at present they 
afford the most convincing examples of comput
ers at home. For example, operationally, we can 
imagine the home of the future having surrogate 
butlers and maids embedded in all walls and 
floors or clunking about in bodies of plastic or 
steel. They would make beds (when it was 
recognized that you were not returning to bed), 
prepare the food (stepping aside on occasions 
when you enjoy cooking), and clean the house 
(distinguishing between throwing away broken 
glass and discarding a diamond). Such a robot 
would be a wonderful device, the joy of American 
housewives, and for reasons of safety (as sug
gested by Edward Fredkin in personal conversa
tion) it ought to bark. 

Informationally, the notion of responsiveness 
becomes even clearer. Unlike the household 
robot, my machine would know me on a more 
abstract and individual level. As an example, 
consider a suggestive television set that could 
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recommend interesting viewings in knowledge of 
my tastes, my present mood, and previous 
engagements for the evening (which might lead to 
the television's taking it upon itself to record the 
program for me to view later). In the same spirit, 
we can speculate about synopsizing radio-news 
machines that could command a mixture of 
graphics, text, and voice output to present the 
news either on request or in terms of my interests. 
Or, finally, consider any information terminal or 
wall surface to which I can verbally pose ques
tions on subjects ranging from the weather, to the 
stock market, to the likelihood of a particular 
political turn of events. 

Putting all of these responses together begins to 
reveal a picture, however unclear it may be. We 
can start to imagine a dramatically different 
relationship between ourselves and our houses, 
one characterized by intimate interaction. Fanciful 
wondering can lead us to rooms that giggle, doors 
that fib, or windows that fidget. Or maybe 
concepts like "room," "door," and "window" are 
anachronisms. Just as the previous chapter 
removed the architect-middleman, maybe the 
notion of intelligent environment removes the 
contractor-middleman, and the design process 
and building process become one and the same, 
continually in operation. Out of what will a 
self-reproducing autogenic environment be 
made? 

On Materials and Memory 

Sant'Elia's 1913 plans for Milano 2000 were a 
direct extrapolation from the industrial revolution, 
from a glass to a concrete Crystal Palace. In some 
sense, today's research and development in the 
field of "building technology" is still no more than 
a similar, direct outgrowth of the ways of the 
industrial revolution, a way of thinking that has 
long been superseded in most other disciplines 
by a cybernetic, informational, computational, or 
whatever you want to call it, revolution. The 
industrial revolution brought sameness through 
repetition, amortization through duplication. In 
contrast, information technologies-soft 
machines-afford the opportunity for cust
om-made, personalized artifacts. This opportunity, 
however, has been ignored for the most part by 
industrialized building systems (for which Dietz 
and Cutler, 1971, provide a comprehensive over
view). 

Nevertheless, there are some researchers (for 
example: Allen, 1974; Schnarsky, 1971; 
Wellesley-Miller, 1972) who see the chance for 
custom-made environments more reflective of 
personal needs, implemented with techniques of 
industrialization, augmented by computing sys
tems. In studying intelligent environments one 
must look at these pioneering efforts because, 
aside from the ethical validity of intelligent 
environments, there are serious questions about 
the materials of which all this shall be made. 
There seem to be two types of construction in the 
infancy of invention that lend themselves to 
physical responsiveness. I will refer to them as the 
"softs" and the "cyclics." 

Brodey's original 1967 article was subtitled "Soft 
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1 When the photocells are 
tripped in order A-B air is 
pumped from the cushions to 
the interior. When they are 
tripped in reverse order B-A 
air is pumped from the inte
rior to the cushions and the 
play space contracts within 
three minutes. Designed in 
1968 by ERG, Amsterdam. 
Diagram reconstructed by 
Sean Wellesley-Miller. 

2 A structure in the process 
of unfolding itself. Photo
graphs cou rtesy of Sean 
Wellesley-Miller and his 
students at MIT. 

Architecture." I believe that some researchers 
have pursued studies that have suffered in their 
very conception of taking the term "soft" too 
literally, brutally transposing it from a computa
tional paradigm to a building technology. Brodey 
himself takes the term too literally. He lived in a 
foam house, and his ex-partner, Johnson, plays 
with plastics, or'so he states (1971): "To date a 
few of us have been working and playing with 
plastic films and foams, and with compressed air 
and other expendables." I believe that the "softs" 
are an important vehicle to responsiveness, but 
they must be studied with great caution. In the 
same way that I refute computer graphics' prolifer
ating Gaudiesque architecture, I worry about the 
obvious materials of "responsive architecture" 
foisting a soft-Soleri, or globular, mushy architec
ture. Not everybody wants to live in a balloon. 

Soft materials, like inflatable plastics, are pres
ently the most natural material for responsive 
architecture, because they exhibit motor reflexes 
through simple controls. Sean Wellesley-Miller at 
the forefront of this technology once built a child's 
creche whose entrance contained the photocells 
necessary to count the kids entering and exiting. 
With the total population of children always known, 
he wired his compressor to inflate and deflate the 
structure in proportion to the population: the more 
children went in, the bigger it became; as they left 
it would shrink until finally collapsing for the night. 

The computations necessary to control the size of 
the creche are hardly symptomatic of intelligent 
behavior, but the response is architectural, and 
the material has indeed not afforded the opportu
nity for dramatic change. However, I do not agree 
that: "The construction of this kind of sophisti
cated pneumatics takes us into the realm of living 
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1 The free mold concept. 
The mold supports and pro
pels itself upon the wall, 
controlled by microwave and 
laser beams. The directional 
switch senses the movements 
of the mold and causes the 
hose-handler to follow above 
it. An accelerator is metered 
into the mix by means of a 
static mixer. Illustration by 
and courtesy of Edward 
Allen. 

2A flow chart of Edward 
Allen's continuous construc
tion process 

3Acellular structure 

4Aweb/plenum structure 

things and ecology" (Hamilton, 1972). I do agree 
with Rusch (1972): "Such 'soft architecture' is only 
one alternative. 'Hard architecture' can be respon
sive as well .... However, 'hard architecture' is 
almost by definition harder to make responsive, so 
it is no mystery why soft materials, air, light, and 
sound have formed Brodey's pallet. The unfortu
nate result is that we do not tend to see his work 
as particularly relevant to 'architecture.' " 

There is a particular aspect of pneumatics that (to 
my knowledge) has not been explored, that is so 
far untapped, and that is an innate property of the 
large class of inflatable structures: cellular struc
tures. This property is memory. Some of the ad
jacent illustrations (taken mostly from Wellesley
Miller) show physical structures that can move 
and even walk about as a result of carefully 
scheduled sequences of local inflations and 
deflations. In a limiting case (depicted on the 
preceding page as well) the fabric could be a flat 
sheet with an upper and lower row of cells and a 
weblike plenum. By appropriately inflating and 
deflating selected lower and upper cells, the mat 
can be made to assume any freeform shape or 
actually move across the ground. However, what 
is more important than this malleability and 
mobility is that the pressure states of the cells are 
its memory. One can sample the cells and know 
the shape. In other words, form is memory. Of 
course it would be equally possible to have an 
electronic computing mechanism "remember" 
which cells were inflated when and to what 
degree (and to query the computer). But it is more 
suitable to have pressure-sensing devices in each 
pneumatic cell, letting them be memory, because 
this makes it possible to have the structure 
respond locally to body movements and interac
tions. In this manner we could directly push and 
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pull upon memory. This can be extrapolated to 
. exercises of cellular automata, in three dimen
sions, having the structure dance about. 

The notion of memory is not limited to inflatables; 
it can be extended to "hard" architecture. A 
potentiometer in every door hinge or a sliding 
resistor in every window can also be viewed 
(mildly) as devices for giving the environment 
memory. If planes could disappear, move aside, 
or expand themselves, such a memory would be 
more revealing. However, it is much harder to 
make stone, brick, and stud walls move or change 
themselves than it is to control inflatable struc
tures. Not only is it difficult to conceive of the 
motor reflexes themselves, but the impediments of 
mechanical systems tend to make the most simple 
dwelling into a monolithic, immutable unit. It is no 
surprise that we have no historical precedents. 

The other approach to responsive materials, what 
I have called the "cycl ics," considers "architec
tural" responses in a coarser time grain, relegat
ing the moment-to-moment responsivene::~ to 
informational and operational features. The under
lying assumption is that we can develop a 
continuous construction and destruction process. 
I am not referring to "Kleenex architecture" that 
can be disposed of and readily replaced. I am 
referring to an ever-continuing building process 
as suggested by Allen (1970; 1974). He is 
trying to create Safdie's fantasy: "Ultimately, I 
would like to design a magic housing machine .... 
Conceive of a huge pipe behind which is a 
reservoir of magic plastic. A range of air-pressure 
nozzles around the opening controls this material 
as it is forced through the edges of the pipe. By 
varying the pressure at each nozzle one could 
theoretically extrude any conceivable shape, 

complex free forms, mathematically non-defined 
forms. People could go and push the button to 
design their own dwelling" (Safdie, 1970). 

Edward Allen is working on just that and more. 
The "more" is the important feature because it is 
the necessary dissembl ing process (not men
tioned by Safdie) that makes this notion viable for 
the premises of responsiveness. The magical 
material needs the supplementary feature of being 
reversible or, at least, digestible by a 
house-building bug. In the event that a "bug" 
could crawl about extruding and eating up chunks 
of my house, much like spinning a web, I can 
envision architectural transformations taking 
place on an hour-to-hour or day-to-day basis 
(versus month-to-month, as Allen views it, or 
year-to-year, as Safdie implies). This would be a 
viable route to physical responsiveness, reminis
cent of royal traditions of building pavilions and 
structures for a gala event, vulgarized to building 
a jalousie porch to peruse Reader's Digest. 
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I have avoided discussing aspects of machine 
learning in this context, where the machine is the 
house. Previous chapters have included some 
comments about machine learning, particularly in 
the sense of modeling a participant (and his 
models). Similar models are necessary for a 
viable responsiveness. My house needs a model 
of me, a model of my model of it, and a model of 
my model of its model of me. We know less about 
how to do this for a house than for a 

,. sketch-recognizing machine. 

We must experiment with more caution in respon
sive architecture than is necessary with mechani
cal partners that have relatively singular pur
poses. The nonintelligent, stubborn computer that 
mailed twenty thousand copies of Time magazine 
to the same person is obviously not desirable. 
Similarly, we do not want the ultrasonic dish
washer to emit a freak frequency that turns on the 
television whose luminance will cause windows to 
open and shades to close. At the other extreme, 
we do not want a genius-house that invades our 
privacy, bullies us about, nags, belittles, and is 
grumpy or rude. 

Unfortunately the two extremes do not lie on a 
smooth continuum to which we can point and say 
that it is here we should place our targets. Instead 
it is a complicated set of nonlinear trade-offs that 
will vary from person to person, from family to 
family, resting, for the most part, on the feasibility 
and advisability of a machine intelligence. The 
question will arise: Can a machine learn without a 
body? A house has a body of its own; will I be 
able to laugh at its jokes? As R. L. Gregory points 
out in his "Social Implications of Intelligent 

Machines" (1970): "What happens when the 
internal fiction of a machine is very different from 
the human brain-fiction? ... One can imagine a 
class of machines which work quite mysteriously, 
with non-human fictions, to give us answers 
without justifications we can understand. Some 
people might trust such machines, much as they 
trust cars though they have no idea how the 
steering wheel is connected to the front wheels. 
But would it be possible to phrase questions 
appropriately to such machines?" 
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