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Everyone designs who
devises courses of action
aimed at changing existing
situations into preferred ones

- Herbert Simon
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Design Issues, Volume 17, Number 4, 2001, pp. 44-50.

CAN A MACHINE DESIGN?

NIGEL CROSS

Department of Design and Innovation
Faculty of Technology, The Open University
Milton Keynes MK7 644, UK

Abstract: One strand of my research has been concerned with the computer as a design
tool; but a second strand has been concerned with design computing as a research tool for
improving our understanding of the design process. Some of this latter research is based
on the simulation of computer behavior by human beings - a reversal of the more usual
approach - and some is based on comparisons of computational models with human
design behavior. Despite recent doubts expressed by some authors, 1 suggest that the
question, ‘Can a machine design?’ is still a useful question to ask.

Introduction

Asking ‘Can a machine design?’ is similar to asking ‘Can a machine think?’
The answer to the latter question seems to be, ‘It all depends on what you mean
by “think”.” Alan Turing (1950) attempted to resolve the question by his
‘Turing Test’ for artificial intelligence - if you could not distinguish, in a blind
test, between answers to your questions provided by either a human being or a
machine, then the machine could be said to be exhibiting intelligent behavior,
i.e. ‘thinking’.

In some of my research related to computers in design, I have used
something like the Turing Test in reverse - getting human beings to respond to
design tasks as though they were machines. There have been various intentions
behind this strategy. One intention has been to simulate computer systems that
do not yet exist; another has been to try to shed light on what it is that human
designers do, by interpreting their behavior as though they were computers. My
assumption throughout has been that asking ‘Can a machine design?’ is an
appropriate research strategy, not simply for trying to replace human design by
machine design, but for better understanding the cognitive processes of human
design activity. However, this assumption has been challenged recently. In this
paper I will first review some of my research, and then return to this challenge.

Using humans to simulate computers

My first research project began when I completed my undergraduate course in
architecture in the mid-sixties and went on to study in the new field of design
research, at the Design Research Laboratory at UMIST, Manchester, run by
John Christopher Jones. My MSc research project was in ‘Simulation of
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How Many of Your Daily Tasks Could Be
Automated?

by Michael Chui, James Manyika, and Mehdi Miremadi
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1. DATA-ANALYYSI

KAYTIAYLYMISEN
YMMARTAMINEN. ..
SUUNNITTELUPAATOSTEN
POHJANA

Aalto University
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DATA-LAHTOINEN SUUNNITTELU

e Data-analyysi ja visualisaatio,

kayttaytymismallit, A/B-testaus

Data-Driven Design Process




MUTTA: IHMINEN TULKITSEE DATAN
JA TUOTTAA DESIGN-IDEAT
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2. REPRESENTAATIO

SUUNNITTELUONGELMIEN
FORMAALI KUVAUS

Aalto University



USEITA FORMALISMEJA

+ Kombinatorinen optimointi - ks. http://bit.do/anttipaper

+ Bayesilainen paattely
- Simulaatio

* Vahvistusoppiminen
-+ Saatoteoria

» Prosessialgebra

lakoneet
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TILAKONEET JA INFUUSIOPUMPPU
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chck down | Gsplay > 0 )
{ dsplay = Gaplay - 1. )

(a) Prototype Builder. (b) Emucharts Editor and example diagram.
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(c) Model Editor and a model snippet generated from the diagram in Figure 1(b).
Fig. 1. Screenshots of the main tools provided by the PVSio-web environment.
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MUTTA: IHMINEN TUOTTAA KAIKKI
SUUNNITTELURATKAISUT
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3. ALGORITMISTAMINEN

AUTOMAATTINEN
RATKAISU HALUTUIN
OMINAISUUKSIN

Aalto University



ESIMERKKI: ERIKOISMERKKIEN ASETTELU
KOKONAISLUKUOPTIMOINTIONGELMANA
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DESIGN-EKSPLORAATIO

Brainstorm New Designs
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PARAMETRINEN ARKKITEHTUURI

MUTTA: VAIN “LOOGISIA"
VAIHTOEHTOJA
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IHMISEN MALLINTAMINEN

EURAAMUSTEN
NNUSTAMINEN
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Suunnittelun ydin on ihmisen
toiminnan ja kokemuksen muutos




MALLIPOHJAINEN OPTIMOINTI

Generoi —

Optimoija <
Evaluoi <«—

Suunnittelija «—




MATEMAATTISET JA SIMULAATIOMALLIT:
KAYTTAYTYMINEN JA KOKEMUS

1=1

T(0) = % > Guli,0) + Gali 0) + Gy (i,

as X exp(—bs X p;) +c¢s if1 <t

G0, 6) = {O otherwise

Gali,0) = %,03 (1) X (aq X exp(—ba X p;) + ca)

Gy(i,0) =a, + b, xlog(l+a x1t) X 1.1(%)



ESIMERKKEJA

Target selection
Fitts 1954

Saliency
ltti & Koch 1998

Unit perception

Internal clock
lLee & Oulasvirta 2016

Clutter perception
Rosenholtz 2007

Gestalt grouping

Shipley-Kellman 1992 Wertheimer 1938

Visual search
Kieras-Hornof 2014

Working memory

J.R. Anderson 1998

Reading

Salvucci 2001
Multitasking
Wickens 2002

Color harmony
Cohen-Or 2006
Grid quality
Balinsky 2006

StrategP/ adaptation
Chen et al. 2015: Guiard 2015



VISUALISAATIOIDEN OPTIMOINTI
HAVAINTOMALLEILLA

Matplotlibin vakio-design

[Micallef et al. IEEETVCG 2017]




WWW-SIVUJEN OPTIMOINTI
TARKKAAVAISUUS, OPPIMINEN, MOTORIIKKA
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9. VUOROVAIKUTTEISUUS

SUUNNITTELIJAN
KAYTANTOJEN
TUKEMINEN

Aalto University



TYOKALUPALKKI (TOOLBAR)

2017




TIETOKONEAVUSTEINEN
KAYTTOLITTYMALUONNOSTELU
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6. OPPIMINEN

ITSENAINEN
HYVIEN RATKAISUMALLIEN
OMAKSUMINEN

Aalto University



DESIGN-LOUHINTA
PROBABILISTISILLA MALLEILLA

Ranjitha Kumar et al. (2013):
Webzeitgeist

TOP NAV BAR IMITATION I "
LARGE HEADER D EYC(:)I B =
2012 =
LARGE R =
TEXT :clJR;zENT LEADER:
BLOCK
o DR
LAYOUT QUERY

O PF e Lo Lokl RYDEES IS IO PR
AR AENHe - AEE AL




ESIMERKKI: POSTERIGENERAATIO

Image Parsing via Stochastic Scene Gramma
Yibiao Zhao, Song-Chun Zhu

"Department of Statistics University of California, Los Angeles Los Angeles, CA 90095, Department of
Statistics and Computer Science University of California, Los Angeles Los Angeles, CA 90095

INTRODUCTION

This paper proposes a parsing algorithm for indoor scene
understanding which includes four aspects: computing 3D
scene layout, detecting 3D objects (e.g. furniture), detecting
2D faces (windows, doors etc.), and segmenting the
background. The algorithm parse an image into a hierarchical
structure, namely a parse tree. With the parse tree, we
reconstruct the original image by the appearance of line
segments, and we further recover the 3D scene by the
geometry of 3D background and foreground objects.

3D synthesis of novel views based on the parse tree

ResuLts

MUTTA: VAIN “IMITOI” TUNNETTUJA

STOCHASTIC SCENE GRAMMAR

The grammar represents compositional structures of visual entities, which includes three types
of production rules and two types of contextual relations:

o Production rules: (i) AND rules represent the decomposition of an entity into sub-parts; (ii)
SET rules represent an ensemble of visual entities; (i) OR rules represent the switching
among sub-types of an entity.

Contextual relations: (a) Cooperative + relations represent positive links between binding
entities, such as hinged faces of a object or aligned boxes; (b) Competitive - relations
represents negative links between competing entities, such as mutually exclusive boxes.

(1) AND rules (iii) OR rules
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Bavesian FormuLATION

We define a posterior distribution for a solution (a parse tree) pt conditioned on an image I.
This distribution is specified in terms of the statistics defined over the derivation of production
rules.

P(ptll) o P(pt)P(Ilpt) = P(S) [T P(ChIv) TT PUIv) )

vevn vevt

The probability is defined on the Gibbs distribution: and the energy term is decomposed as
three potentials:

E(pti) = 3 EU(Ar(Ch,))+ 3 EM(As(Ch))+ 3

vevor VEVAND AvEALVEVT

ET(I(A)) (@

INFERENCE BY HIERARCHICAL CLUSTER SAMPLING

We design an efficient MCMC inference algorithm, namely Hierarchical cluster sampling, to
search in the large solution space of scene configurations. The algorithm has two stages:

o Clustering: It forms all possible higher-level structures (clusters) from lower-level entities by
production rules and contextual relations.

Pocin =TT PP Arv)) [T PIP(Ac(u).Acv)) TT PTUCA))  ©3)

vEGIoR uveCHw vecrm

« Sampling: It jumps between alternative structures (clusters) in each layer of the hierarchy to
find the most probable configuration (represented by a parse tree).

Yibiao Zhao and Song-Chun Zhu
University of California, Los Angeles

This paper proposes a parsing algorithm for indoor scene understanding which
includes four aspects: computing 3D scene layout, detecting 3D objects (e.g.
furniture), detecting 2D faces (windows, doors etc.), and segmenting the
background. The algorithm parse an image into a hierarchical structure, namely a
parse tree. With the parse tree, we reconstruct the original image by the
appearance of line segments, and we further recover the 3D scene by the
geometry of 3D background and foreground objects.

(i) a parse tree
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The grammar represents compositional structures of visual entities, which
includes three types of production rules and two types of contextual relations:

o Production rules: (i) AND rules represent the decomposition of an entity
into sub-parts; (ii) SET rules represent an ensemble of visual entities; (iii) OR
rules represent the switching among sub-types of an entity.

o C i : (a) Ce ive “+” relations represent positive links
between binding entities, such as hinged faces of a object or aligned boxes; (b)
Competitive “-" relations represents negative links between competing entities,
such as mutually exclusive boxes.

(1) AND rules
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(ii) SET rules
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(a) "+" relations (b)"
Bayesian Formulation

We define a posterior distribution for a solution (a parse tree) pt conditioned on
an image |. This distribution is specified in terms of the statistics defined over the
derivation of production rules.

P(pt|1) « P(pt)P(I|pt) = P(S) [ P(Cholv) T PI10) m
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The probability is defined on the Gibbs distribution:  P(pt|7) = ;uxp(—ls(pi 1)}
and the energy term is decomposed as three potentials:

BE@il) = Y E°®(Ar(Ch))+ Y ENP(Ag(Ch))+ Y
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ference by Hierarchical Cluster Sampling

We design an efficient MCMC inference algorithm, namely Hierarchical cluster
sampling, to search in the large solution space of scene configurations. The
algorithm has two stages:

o Clustering: It forms all possible higher-level structures (clusters) from lower-
level entities by production rules and contextual relations.

RATKAISUJA; MUSTA LAATIKKO

(b) Our result

(c) Original poster[35]

[Qiang et al. arXiv 2017]




7. TOIMIJUUS

ITSENAINEN
IMPLEMENTOINTI

Softa + rauta + materiaalit

A.
Aalto University



TARKKAAVAISUUSMALLIEN KAYTTO
PIKASELAUKSEN TEHOSTAMISEKSIH

Spotlights: Attention-Optimized Highlights

for Skim Reading

Byungjoo Lee, Olli Savisaari, Antti Oulasvirta
Aalto University, Finland
CHI2016

[Proc CHI’'| 6]
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8. YHTEISADAPTAATIO

TAVOITTEIDEN
SOVITTAMINEN IHMISEN
TAVOITTEIDEN KANSSA

Aalto University



Hil | am Clippy, your office
assistant. Would you like some
assistance today?

KOVIN ONGELMA...




Remark 1. A key property of CIRL is that the human and the robot get rewards determined by the
same reward function. This incentivizes the human to teach and the robot to learn without explicitly
encoding these as objectives of the actors.

Yhteisadaptaatio ihmisen ja robotin toiminnassa




KAANTEISMALLINNUS
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SUUNNITTELEVATKO KONEET?

e Turhaa pelkoja ja hypea?
* Ensimmaiset kaupalliset pettymykset jo koettu
e 99% suunnittelusta ei-laskennallista
 Muutos vaikeaa
e Kaytannot monimutkaisia
* Taustaosaaminen riittamatonta
e Kone viela “vain” tyokalu ongelmanratkaisuun

| uova suunnittelu seka monimutkaisten
sosioteknisten kokkonaisuuksien hallinta

kaukana...



TULEVAISUUS
e Analytiikka ja A/B-testaus Nyt

e Ennustavat mallit suunnittelutyokalui

na
* Generatiiviset design-tyokalut KO hta

* [tseoptimoivat sovellukset

e Yhteislinjoittavat suunnittelurobotit ”

* |tseorganisoituva rakennettu ymparisto
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