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Which isthe best design?
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Guiding Questions

How do we visualize and explore system-
level trade spaces effectively in support
of collaborative decision-making?

- What do we mean by trade space exploration?

- What is our approach to visual decision-making?

- How does this support and enable collaboration?

[
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Philosophical Under pinnings of Our Work

* The assumption that we can capture a decision-
maker’s preferences a priori is wrong

o Designers, like people, want to “shop” to gain intuition about
trades, what Is feasible and what is not, and to learn about
their alternatives first

 We deed new paradigm(s) for trade space exploration

a “Design by Shopping” — coined by Rick Balling in 1998 —
enables an a posteriori articulation of preferences:

— Allow decision-makers to view a variety of feasible designs
- Form a preference after viewing the trade space
- Choose an optimal design based on this preference

[
@ PENNSTATE ©T. W. SIMPSON



Trade Space Exploration

Trade space exploration entails:

a A shopping process
— People form their preferences by exploring the trade space, Z = [X ¥]'

0 A negotiation process

— “... engineering is as a socio-technical decision-making activity,
where a team of stakeholders with different expertise and mixed
motives engage in interactive conflict resolutions to reach
consensus of some engineering matter” — Prof. S. Lu (USC)

a A sequential process

- Exploring the trade space is as much about eliminating the wrong
answers as it is about finding the right answer

- You can tolerate much more uncertainty in eliminating wrong answers
— More detail > more constraints - further away from the ideal

- Time and cost vary exponentially with detail

— Detall is the enemy of flexibility

[
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Our Approach to Trade Space Exploration

Build M odels Run Experiments Explore/Visualize

Randomly Record
Sampled Design and
Point in the Performance

Input Space Variables

Ty THeo e =~ ~—= IN = e = '
istart| | @Eudors | 93 Wind., o] EYUsW . | Bl mestig .| [E] Misosot.. | [R]2 tiro..-| 4 athem... | @2 veth., | @Y shortot.. | T8 ava <] o B4 rzsnmm

Iterate until feasible
design is calculated

Repeat 1000+ times
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ARL Trade Space Visualizer (ATSV)
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Multi-dimensional
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Examples of Multi-Dimensional Visualization

2-D Scatter Plots
£l -
»
470,75 o
™
=
oY
@
= 3375
Z |8 4
&
@
i
o
T ooa2d &
&
71 *
9550 0E51E4 1572ES 2 758ES 3 BASES
Torgque (ft-lbs)
MSRP a2 [ ¢ EES
___MSRP__ |Horsepower... Highway Effi... Fuel Tank C...| City Efficien...
9350  3B45E5| V1 60412 a6 || 10.6 444 [4]1]
o : Al
=0 MSRP . ‘ I.
2| - ST G ST NPy
o= Harsepower (hp) ‘ |i
i; =~ 4 | e, | Y . ® !lr." | . +
=] 3 . .
%; E. . . Qz ‘ Highwiay EFfficiency... &r_ - I- 3".
| [ . b ; F Fuel Tank Capacity... .4
E il & é‘“ e T PN \Ja_._o._
”‘gg F L City Efficiency (mpg)
. ity Efficiency {mpg
.E?EG) e W g L E!E:"________ _-"‘aﬂ'.. - -
3
Scatter Matrix Plots | ggemetea, .

3-D Glyph Plots

| Viewup to 7D:
" T -X,Y,Zaxes
. ' - Color

- Size

- Transparency
- Orientation

oy - |
|
|
|
Sge Engine Sze () 1.0 8.3 K
Color ! (g(lmders 0,120 S 545 240 P75 JEN/]
Orientation : Constant - i’ i -
Transparency : Constant
| EBAES B0 i &0 83 1z TaE HES0 FEE.T B3
_,_;—'—'_'_'_'_F\
-\_\_‘_‘—‘——\. S PC—

12 a 1 3
- ] = o [
£ £ § & &

82 2035

Parallel Coordinate Plots

o =
E! o
T

5 =
=] =
=

[
‘Wheel Bas:

%5 il

@ PENNSTATE

1420

e {in)

65.4

=

S
153

©T. W. SIMPSON




|nteractive Brushing and Linking

* For example, interactively apply constraints with brushin
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Preference Structures and Pareto Frontiers

* Interactively visualize preference structures and Pareto frontiers
with preference shading and a fast Pareto sorting algorithm
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Visual Design Steering

* Implementation:

o ATSV can now “drive” simulation models based on one
of three visual steering commands issued by a user:

a Design Space Samplers: sample randomly on inputs
o Attractors: sample near a point of interest in trade space

o Preference-Based Samplers: sample in preferred regions

Visualization
Software
(ATSV)

Exploration
Engine

@ PENNSTATE
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Data
Storage

User-Guided
Samplers:

Design Space
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Point Sampler
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Based Sampler

Simulation
Model (M)
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ATSV DEMO




Useful Rolesfor Visualization

e Explaining
o a.k.a. “Story telling”
a Already know the data
a Use the visualization to explain data to others

e Verifying
a Expect a certain answer, verify the anticipated result
o Debugging, fact checking

e Exploring
a Not sure a priori hypothesis of what lies in the data
o Looking for structure and relationships

e Deciding
o A mixture of the other three

@ PENNSTATE
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Closing Remarks

o ATSV offers a variety of multi-dimensional visualization
capabilities to support a Design by Shopping paradigm

0 1D and 2D histograms; 2D scatter, scatter matrix, and parallel
coordinate plots; linked views and brushing

a Data reduction and zooming capabilities
a Preference shading and Pareto filtering

 We have implemented three visual steering commands
to “drive” simulation models from within ATSV

* Trade space exploration is a rich arena for
research in many areas that have either
not been examined or have lain
dormant for many years

[
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Engineering as Collaborative Negotiation

* Prof. Stephen Lu (USC) advocates a four-step process
to support engineering via collaborative negotiation:
o Manage Interactions
o Construct Understanding
a Discourse Preferences
o Attain Agreement

e §M§§§“ g;@%?ﬁﬁ
Eatavin Consliction aclsghion %@gat-@---

m— _. : '$$§§‘§§$$ —
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Parallelsto Visualization Approach

Build modular system models with

Manage Interactions care given to sequencing them

Run models to populate the trade
space to understand the impact of
each other’'s domains; identify where
conflicts lie = “sources of tension”

Construct understanding

Run models to populate the trade

Discourse preference space to identify the consensus
region to carry forward

Agree on region of interest; add level

Attain agreement of detail to models for more depth

REPEAT
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Our Proving Ground: JPL’s Team-X

o Used by JPL’s Product Design Center
— JPL does 50+ concept designs per year
- Team-X does rapid conceptual design
- Using ATSV to explore trade space
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