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Design — everybody knows what that is!

the act of working out the form of
something (as by making a sketch or
outline or plan);

www.cogsci.princeton.edu/cgi-bin/webwn2.1
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01,07, 2005 > Harme = About Design > What is Design
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AEQUT U=E & aUR WOoORHK

Design is everywhere — and that’s why looking for,
BULLETIN a definition may not help you to grasp what it is

FEEDERAGCH

Cesign 15 everywhere, It's what drew you to the last piece of
furniture vou bought and it's what made online banking possible. It's
made London taxi cabs easier to get in and out of and it made Stella
McocCartney's narme, It's driving whole business cultures and making
sure environments from hospitals to airports are easier to navigate.
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Why is CAD lousy for sketching & early stages of design?
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Why is CAD lousy for sketching & early stages of design?

& computer representation not rich enough!

¥ geometry and arithmetic are great

... but design uses other constructs

%" how to get these inside computer?
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Design is about relationships between things

Set of parts Relations between them
as a Graph
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Design Is about relationships between things

This will be--

T a grape arbor. |

__mm.luﬂﬁ-
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. and emergence from assembling things
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Graphs are not rich enough

3 binary relations # one 3-ary relation

CUPUM — AHRB/EPSRC — ECID Design out of Complexity UCL 2 July 2005



Complexity, Design, Q-analysis, Science, Life & Everything in Ten Minutes

From Links to Multidimensional Polyhedra

Binary relation  3-ary relation 4-ary relation
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From Links to Multidimensional Polyhedra

violin
housing  shops
*o—0

milk  sugar cello viola foundations  windows

'1—_s_irhplex “'2_—Sir_nplex ”3—_si_mplex '“4—_si_mplex

The generality is n-ary relations — not just links
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From Links to Multidimensional Polyhedra

Set of parts Relations between them as
a Graph
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Polyhedral Connectivity

O®

O- near polyhedra

CUPUM — AHRB/EPSRC — ECIiD Design out of Complexity UCL 2nd July 2005



Complexity, Design, Q-analysis, Science, Life & Everything in Ten Minutes

Polyhedral Connectivity

1- near polyhedra

0- near polyhedra
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Polyhedral Connectivity

Polyhedra can be g-connected

through shared qg-faces
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av--' sonnecnvny
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Polyhedra can be g-connected

/X
through shared qg-faces

e.g. 1-connected components
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Polyhedra can be g-connected

through shared faces
1-connected components
Q-analysis: listing g-components
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Polyhedral Connectivity

A

R\
Bt

The Bull

X

X
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Design out of Complexity
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My dog’s got

No nose

CUPUM — AHRB/EPSRC — ECID Design out of Complexity UCL 2 July 2005
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% @es he smell ?

The Bull

X

My dog’s got

NoO nose
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Polyhedral Connectivity & g-transmission

S

The Royal Oak

My dog’s got

NO nose

CUPUM — AHRB/EPSRC — ECIiD Design out of Complexity UCL 2nd July 2005



Polyhedral Connectivity & g-transmission

How does he smell ?

The Royal Oak

My dog’s got

NO nose

CUPUM — AHRB/EPSRC — ECIiD Design out of Complexity UCL 2nd July 2005



Polyhedral Connectivity & g-transmission

How does he smell ?

A 2

The joke is 1-transmitted through the backcloth 1y elgs el

No nose
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X 2 X

X R :

The joke is 1-transmitted through the backcloth
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X 2 X

X R :

Can design connected structures for transmission

CUPUM — AHRB/EPSRC — ECIiD Design out of Complexity UCL 2nd July 2005



Relations and Incidence Matrices
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(a) incidence matrix

International Workshop on Exploring Complexity in Collaborative Design and Solutions  Brunel University  23-24 June 2005
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(a) incidence matrix (b) the 1-connected simplicial complex

Figure 6. A simplicial complex as the backcloth for employment traffic
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N-ary relations and emergence

Al BE AKX

I

Blocks assembled to make an arch

\
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Design assembles wholes from parts

name
~ Arch Level N+1
assemble — asser_nbly
relation
name block-1 block-2Y | _aye|] N

block-3

creating a multi-level hierarchy
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Design assembles wholes from parts

Hierarchical | evel N+1

cones

CUPUM — AHRB/EPSRC — ECID Design out of Complexity UCL 2 July 2005



Complexity, Design, Q-analysis, Science, Life & Everything in Ten Minutes

The intermediate word problem

Level N+k “The System”

what

are the
Level N+2

intermediate
Level N+1

words?
Level N

tramps parks

churches  station

hierarchical soup
vehicles

Figure 10. The intermediate word problem
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The intermediate word problem

helicopter
Main rotor Tail rotor Level N4k

J—

F \\'aul boom

Landing skids  Engine,
transmission, v

fuel, etc

Drive shaft—

Cockpit

Main rotar  Cockpit Tall book
Tail Rotor........Drive shatt  Engine Level N4k
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The intermediate word problem

helicopter
Main rotor Tail rotor Level N4k
Py

Drive shafl— =

F \\'aul boom

Landing skids  Engine,
transmission, v
fuel, etc

Main rotar  Cockpit Tall book
Tail Rotor.......Drive shatt Engine Level N4k

Cockpit

Figuire 557
Tail robor installation
{Sheet 2 of 2)

DETAIL B

32. Blade
33. Mt k
3. Washer

35. Washer 32. Blade 33 Mut Level WNAk-2
36, Washer _—

97. Washer 34 Washer 35 Washer

3. Grip Assambly
309, Bolt
G A0 Washer
" ® hisrarchical
ASADIL=105LB=1 SDU
34 Washer 35 Washer 2RHR.
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Design as the process of building an ontology

The System

Q cockpit

a) Initial sketch

CUPUM — AHRB/EPSRC — ECID

The System

cockpit
power

train \‘
L2

engine

Y Y
tail rotor gearbox

(b) partial instantiation

Design out of Complexity UCL

Level N+HK&

Level N+Ek-1

Level N+Ek-2

Level N+1

2nd July 2005




Traffic on the hierarchical backcloth

» "“the budget”

£ housing

£ education

£ waste removal

etc




Unpacking functions to structure

> Level N+k

System dynamics as traffic on a fixed multilevel backcloth




System time and System Events

N
X —_——
] -

( Event1 ) @

—

igure 18: Pendulum events used to measure clock time



System time and System Events

)

before event! after

before event ! after

the blocks do the blocks do

not form an arch form an arch vertices — polyhedra

(a) assembling elements to form a structural event (b) a polyhedral event

Figure 19. The formation of polyhedral structure marks system events
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Figure 21. System event dynamics form trajectories in a non-linear way in clock time

Planning involves changing relations



System time and System Events

Figure 21. System event dynamics form trajectories in a non-linear way in clock time

Planning involves changing relations

... as well as trying to manage the traffic



Relational dynamics working up a design

]
i

jstem
cockpit
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Designers as scientists

If a designer creates a completely new system, they
are the sole possessors of knowledge about that

system.
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Designers as scientists

If a designer creates a completely new system, they
are the sole possessors of knowledge about that

system.

The design process involves building a language and
a science of the synthetic system.

Involves hypotheses, deduction, prediction,
experiments, testing hypothesis.
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Conclusions

Everything is multi-dimensional
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Complexity - the science of artificia

languages

systems

Designers - heroes of the complexity revolution
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Conclusions

Everything is multi-dimensional
Need multi-dimensional Q-analysis - not just graphs

Design involves building multi-level languages

Complexity - the science of artificial systems
Designers - heroes of the complexity revolution

That’s Life ...
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