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Beautiful But
Terrible Meshing
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Pkeviouc/y o Po/ygoh Redvction [Pa/ykec{ )...

Yet Another Ultimate Polyred Program?

(2/5) Rate from 1~5 for each model:
-95.0% -80.0%
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Representation Learning
(active in ML)

Classic

Approach

(well-studied in CG)

Human-in-the-loop
(active in HCI)




(So what?) "l think theses works are between communities,
which community to you want to contribute? (Pick a side)"

-- Prof. Schmidt



Essentials




Design Task as Optimization Problem

design space
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Design Task as Optimization Problem

fo(d)

objective function

evaluate

design space
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Design Task as Optimization Problem

‘ Optimizer
/\; “

user
task instance ]gleag Z Wo fo(d)
\/ objective function

u design space

designer

generate

evaluate ® optimal design

e See successful works in keyboard layout optimization by A. Oulasvirta, D. Buschek, etc...
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http://users.comnet.aalto.fi/oulasvir/
http://www.daniel-buschek.de/publications

Instantiation: 3D Modeling as Optimization Problem

How to pick meshes?

|

generate

Optimizer

consumer = ‘
polygon max Y wof,(d)
meshes deb =2

\/ objective function

u How to judge a mesh? mesh space

artists

evaluate ® optimal mesh

L
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Time Complexity on Interactive 3D Modeling

. Decision Single-step
Total Time Time to Pick Modeling
Spent . .
a Design Time
T = E (DT(x) + P(m))
acA
#Attempts
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Bayesian Opt.

Satisfied?
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Time Complexity on Interactive 3D Modeling\

. Decision Single-step
Total Time Time to Pick Modeling
Spent . .
a Design Time
T = E (DT(x) + P(m))
acA
#Attempts
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Bayesian Opt.

Y
m:

Satisfied?

\
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Design Optimization Problem Specification

e Design space X(or say search space) is parameterized by I & X
e The goal is to search the best parameter settings s.t.

x* = argmax g(x)

xeX
e where g isthe user's preference (and expensive to evaluate)
e Bayesian optimization is widely used for hyperparameter search with few queries: x* - {X(,,;) }ﬁl
e Bring reinforcement learning agent strategies
o  Exploration (i.e. How to propose the next parameter settings?)

o  Exploitation (i.e. How to converge as fast as possible?)
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A computer graphics artist sits down to use a simple renderer to find appropriate surfaces for a
typical reflectance model. It has a series of parameters that must be set to control the simulation:
“specularity”, “Fresnel reflectance coefficient”, and other, less-comprehensible ones. The
parameters interact in ways difficult to discern. The artist knows in his mind’s eye what he wants,
but he’s not a mathematician or a physicist — no course he took during his MFA covered Fresnel
reflectance models. Even if it had, would it help? He moves the specularity slider and waits for
the image to be generated. The surface is too shiny. He moves the slider back a bit and runs the
simulation again. Better. The surface is now appropriately dull, but too dark. He moves a slider
down. Now it’s the right colour, but the specularity doesn’t look quite right any more. He
repeatedly bumps the specularity back up, rerunning the renderer at each attempt until it looks
right. Good. Now, how to make it look metallic...?
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Geometry Galleries

keep

boundary
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Geometry Galleries

keep
boundary
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Geometry Galleries
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Geometry Galleries
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What are the actual preferences among these meshes?

e (Almost) Equal polygon counts

e Preference record from a 3D designer
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What are the actual preferences among these meshes?

e Exactly equally reduced polygon counts

e Preference record from another senior 3D designer

Input 5 (Top rated)

1 (Least rated)
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A Further Comparison

@

1 v.s. 4 (zero difference, just z-fighting) w
A
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Why?

e Maybe your experiment was not designed properly...
e Maybe your algorithm's output space have no overlap to the desired design space...
e Maybe your participants is not reliable...

e Maybe ..

I don't know! - These results commonly exist in real world cases
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ANY PAIN? HOW WOULD YOU RATE THE
PAIN, FROMONE To TEN,
MY ARM WHERE TEN 15 THE WORST
REALLY PAIN YOU CAN IMAGINE?
HURTS
"My arm really hurts."

THE WORST PAIN
I CAN IMAGINE?

o)

\

l//

:
’

... WHAT THE HELL

IS WRONG WITH
HIS IMAGINANON?

( IT§ NOT A

NORYAL PLACE.

)

S

Pain Rating at xckd.com/883

"How would you rate the pain, from 1 to 10, where 10 is the worst pain you can imagine?"

n

"One.
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JUdgement under Uncertainty by A. Tversky and D. Kahneman

THINKING
FAST .. SLOW

Wi —
DANIEL

KAHNEMAN

WINNER O

THE NOBEL PRIZE IN ECONOMICS
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Economic Choices’

By Danmi. McFADDEN*

This Nobel lecture discusses the microecono-
metric analy; of consumers

developments in the economic theory of choice,

o
who face discrete economic alternatives. Before
the 1960's, economists used consumer theory
mostly as a logical tool. to explore conceptually
the properties of alterative market organiza-
tions and economic policies. When the theory
was applied empirically, it was to market-level
or national-accounts-level data. In these appli-
cations, the theory was usually developed in
terms of a representative agent, with market-
forel bebmy
ent’s behavior writ large. When observations
deviated from those imphied by the represent
tive agent theory, these differences were swept
into an additive disturbance and attributed to
data measurement errors, rather than to unob-
served factors within or across  individual
agents. In statistical language, traditional con-
sumer theory placed structural restrictions on
mean behavior, but the distribution of responses
about their mean was not tied o the theory.
In the 1960's, rapidly increasing availability
i survey data on individual behavior, and the
advent of digital computers that could analyze
these data, focused attention on the variations in
demand across individuals. It became important
10 explain and model these variations as part of
consumer theory, rather than as ad hoc distur-
bances, This was particularly obvious for dis-
crete choices, such as transportation mode or
‘occupation. The solution to this problem has led
to the tools we have today for microeconometric
analysis of choice behavior. I will fist give a
brief history of the development of this subject,
and place my own contributions in context. Af-
ter that, T will discuss in some detail more recent

* This artcle is & revised version of the lecture Danel

McFadden delivered in Stockholm, Sweden on Det

2000, when b e te Bk of Sweden Peie i Ec
cScces in Memory of Alrd Nobe. The atice s

Copyright © The Nobe Foundtion 2000 amd i ablshed
here with the permission of the Nobel Fou i

" Departmént of Booaomics, Univeraty of Cuforia,
Berkeley. CA 94720, Many of the author’s publications

cited in this paper are posted at hup:jeisa berkeley edo/
ncadden

351

and 10 this theory that are being
forced by experimental evidence from cognitive
psychology. I will close with a survey of statis-
tical methods that have developed as part of the
research program on economic choice behayior.

Science is a cooperative enterprise, and my
work on choice behavior reflects not only my
own ideas, but the results of exchange and col-
laboration with many other scholars." First, of
course, is my co-laurcate James Heckman, who
among his many contributions pioneered the
important area of dynamic discrete choice anal-

sis. Nine other individuals who played a major
role in channeling microcconometrics and
choice theory toward their modern forms, and
had a particularly important influence on my
own work, are Zvi Griliches, L. L. Thurstone,
Jacob Marschak, Duncan Luce, Amos Tversky,

Manski, and Kenneth Train. A gallery of
their photographs is shown in Figure 1. I wish
particularly to cite Griliches, Marschak, and
Tversky, robbed by death of their own chances
to win Nobel prizes.

1. A Brief History

Classical economic theory postulates that
onsumers seck to maximize their self-interest,
and thasefinteres has broadly defined con-
sistency properties across different de
Atone level, the theory is virtually miclogical,
as in this deseription from a principles textbook
by Frank Taussig (1912)

An object can have no value unless it has
uilty. No ono will give anything for an
articks unless it yild him. satisfaction,
Doubtless people are sometimes foolish,

[ children do, to please a
moment’s fancy; but at least they think at

" Any aceounting of credit for my contrbut
nomics has to include Leo Hurwicz. John Chi
oy ki T pen e
and taught me most of what I know.
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Co m pa rative J u d g e m e nt by L. Thurstone, R. Luce, R. Bradley

P(choose A over B

BRI e [ ———
A Law of Comparative Judgment
L. L. Thurstone
The object of this ‘The so-called ' # the

per new
law which may be called the law of comparative judgment and

pychological valuss. The law ofcomparaive udgment i -
plied

fact that an observer is not consistent in his comparative judg-
ments from one occasion to the next. He gives different com-

Fstimul
tes. For an

ical stimulus intensities but also 10 qualitative comparative
judgments such as those of excellence of specimens in an edu-
cational scale and it has been applied in the measurement of
such psychological values as a series of opinions on disputed
publcissues. T

Tt flucn
handwriting specimen, for cxample, there is one discriminal

0 high degr
excellence. This most common process is called here the modal

It should
comparative judgments which involie simultaneous and suc-
cessive contrast

study is mainly a description of some ofits applications. Since
several the law

psychological continuum or scale is o constructed o
e frequencics of the respective discriminal =~

‘psychological scale. This involves no assumption of a normal
distribution or of anything els. The peychological scle is at

it has any physial reaity we cer-
it has been necessary to invent them, Wedonot
and these will be repeated here. therefc
L
.+ there already. We define the scale in terms of the frequencies of
other eries

processes for any stimulus. This artificial con-
of

struct, o

‘compare. It may be gray values, or weights, or excellence, or any
other quantitative or qualitative attribute about which we can
think ‘more’ or ‘less” for each specimen. This attribute which

cies of stimulus form a
mormal distrbution on the scle. The separation o the scale

ticular occasion and the modal discriminal process for that

efines what we shall call the psychological continum for
that particular project in measurement.

vl s of ceeles o et i the wecnen in ques-
tor

differently 10 the several specimens, by which we identify the

ight or gr
imens. You may suit your own predilections in calling this pro-
cess psychical, neural, chemical, or electrical but it will be

at that instant positive. In
imiar manner the diseriminal deviation at anothér moment
will be negaive

cesses on the scale for  particular specimen will be called its

cause s ultimate nature does not concern the formulation of
Ifthen,

imen seems to be more excellent than a second specimen, then
the two discriminal processes of the observer are different, at
least on this occasion.

big-

s observed at
excellence or weight or gray value on different occasions will

ulesorsecien which s provoatve of vl gt
tions in discriminal processes will have, similarly, a small
Grimnld spers

Editor's Note. This artcl i a eprint of an original work published
in 1927 in the Psychological Review 34, 273-286. Comments by R.
Duncan Luce and Robyn M. Dawes follow this article

L. L. Thurstone, Univesiy o Chicago.

specimens which are involved in the same judgment wil be

called the discriminal difference on that occasion. If the two.

stimuli be denoted A and Band ifthe discriminal processes cor-
responding 10 them be denoted a and b on any onc occasion,

ResarehSalf o e linois it o venile Resarch, Cicg
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‘which varies of course on different occasions. If, in one of the.
comparative judgments, 4 seems to be better than B, then, on
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INDIVIDUAL
CHOICE
BEHAVIOR

A Theoretical Analysis
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Design Galleries w..a.

e Seminal work on display representative design
options on a two-dimensional screen by low
dimensional embedding

e Focused on light placement settings

@)

Didn't mention anything on the preference theory :(

e A few follow up works

©)

©)

©)

Changkun Ou - Delicate Dance: Preferences in Interactive Meshing - 2021.03

Text editing preview: M Terry et al CHI'02

Web design: B Lee et al CHI' 10

Crowd-powered visual design Y Koyama et al UIST'14
Interface design: J Dudley et al CHI'19

Input devices: Y Liao CHI' 21 EA

... too many!
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Reflections



Cognitive lllusions in Sequential Design Preferences
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Cognitive lllusions in Sequential Design Preferences

e Anchoring: subjective preferences are dominated by earlier experiences

o A prompt creates in the subject's mind, at least temporarily, the possibility that the uncertain
quantity could be either above or below the prompt
o Result in psychophysical discrimination errors

o User preference function is a conditional distribution: g (X|u)

Changkun Ou - Delicate Dance: Preferences in Interactive Meshing - 2021.03
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Cognitive lllusions in Sequential Design Preferences

e Anchoring: subjective preferences are dominated by earlier experiences

o A prompt creates in the subject's mind, at least temporarily, the possibility that the uncertain
quantity could be either above or below the prompt
o Result in psychophysical discrimination errors

o User preference function is a conditional distribution: g (X|u)

e Drifting: subjective preference changes over time in an open-ended design task

o  The mesh optimizer fails to converge to an optimal design because of invalid feedbacks (garbage
in, garbage out)

o User preference can be time dependent: g(X, t1 |u) = g(X, to ]u)
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Cognitive lllusions in Sequential Design Preferences

e Anchoring: subjective preferences are dominated by earlier experiences
o A prompt creates in the subject's mind, at least temporarily, the possibility that the uncertain
quantity could be either above or below the prompt
o Result in psychophysical discrimination errors
o User preference function is a conditional distribution: g (X|u)

e Drifting: subjective preference changes over time in an open-ended design task
o  The mesh optimizer fails to converge to an optimal design because of invalid feedbacks (garbage
in, garbage out)
o User preference can be time dependent: g(X, t1 |u) = g(X, to ]u)
°

Yearning: subjects are eager to produce an expected preference or similar
o Exploration slows the exploitation process down in order to decode the entire design space
Preference space and design space may only have small overlaps: g(X) c P, |7D NX | ~ 0

O
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Sources of Meshing Complexity

1. Well-formulated mathematics that describes
continues settings can be inconsistent in discret
settings (No-free-lunch: not all properties are
preserved, e.g. Laplace-Beltrami)

(Af 7 :wzzwzg fz)

1
w; = 2—Ai, w;; = cot a; + cot B
1

1 Vi 51
ws = ey (0 () +on (%))
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Sources of Meshing Complexity

2. Edge cases of geometry processing largely exists

and developers failed in handling it well or expensive
to give a fix (hard to retrieve the knowledge even for

the developer).

"I don't understand your

O torantie's solution for Homewc X +

C (¢ & github.com

o Ot torantie's solution for Homework 5 #24
changkun merged 15 commits into mimuc:master from torantie:homework-5 [:I 6 days ago

+ // €Tl Uown eage neeas new naireage as rererence

+ if(this.halfedge.twin.next.idx == this.halfedge.twin.next.edge.h:
+ this.halfedge.twin.next.edge.halfedge = this.halfedge.twin.pre\
+
-

this.halfedge.twin.prev.twin.twin = this.halfedge.twin.next.twin

Comment on lines +171 to +203

% changkun 6 days ago  Member

I think your approach is the ideal approach to do edge collapse: assign the target
position to an existing vertex, then merge the other to the reassigned vertex.

But the approach requires a more careful handle:

1. two remaining face constructs a quad, and the edge to collapse is the diagonal
edge. In this case, the result will become two edges (no face).

2. three triangles and the decimated edge is on the boundary: result in a single
triangle.

3. detect if edge (v1-v2) collapse from v2 to v1 is still valid (detect flip faces). If
not, skip this edge collapse operation and restore the position of v1.

| don't have a clear mind about if your implementation works on these cases. Do you
still have your code in mind?

3 torantie 4 days ago  Author  Contributor

1. 1 think case one should still be accounted for in my code since i never actually
reassign faces but only edge references.

magic here"

"Neitherdo | 2"

2. Shouldn't the collapse be skipped if the edge to collapse is on the boundary?
3. | think that is accounted for by checking if the edge was already deleted and

then skinning the edge coll dinaly

Changkun Ou - Delicate Dance: Preferences in Interactive Meshing - 2021.03

)[ Sorry for the late reply. Had to re-read my code to get it back in mind** ]

g changkun merged commit 26bf9bf into mimuc:master 6 days ago
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Sources of Meshing Complexity

3. Ground truth expert opinions (labels) does not
exists in modeling (or not widely accepted)

Aside: All ML models are limited by the quality of the
ground truth used to train and test

Changkun Ou - Delicate Dance: Preferences in Interactive Meshing - 2021.03
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Sources of Meshing Complexity

4. Defects exist and slow down the workflow,
manual repairing is tedious, but regular users don't
care

Changkun Ou - Delicate Dance: Preferences in Interactive Meshing - 2021.03
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Sources of Meshing Complexity

/ Vf2dA < Af = 0
M

Mathematics

iy A
7  Fundamentally about geomet
; ,\f(,;,, y g ry

Changkun Ou - Delicate Dance: Preferences in Interactive Meshing -

Computer Science

4 Discrete computing algorithms on
- geometry data structure

Data Analytics

ncreasing unlabeled dataset and

# needs of solving problem at scale :

Human-Computer
Interaction

~  Software does not produce expected
. results. Why and how to deal with it???
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"(So what?) | think theses works are between communities,
which community to you want to contribute? (Pick a side)"

-- Prof. Schmidt
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When was your last time to do pixel-level adjustment in Photoshop?

How trivial to adjust a pixel?

When was your last time to do vertex-level adjustment in Blender edit mode?

How trivial to adjust a vertex?
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Conclusions

Apparently, all these problems are in HCI (convinced? If not, where? SIGGRAPH? NeurlPS? :-)

o | believe solving them requires bottom-to-top understanding in geometry and processing
3D modeling is a difficult design task in seating in between open-ended and deterministic

o To the best of my knowledge: all existing HCI theories are not directly applicable here
The efficiency of 3D modeling workflow does not only depends on algorithms

o Upstream producer determines characteristics and defects of outputs

o Downstream consumer determines the requirements on their inputs
3D Modeling user interface influences to user's mental model and impacts the experiment
Combining subjective data into an objective computation process is a delicate dance

o Huge rooms for improvements and still a big challenge
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Join the Hacking N Kt

& github.com

O Why GitHub? v Team Enterprise Explore v Marketplace Pricing

[0 overview [ Repositories 75 [

e More works on github.com/changkun and github.com/polyred

& changkun / README . md

[ ] O pen'SOU rced and 'tO be Open'SOU rced (ask me if you are interested and one is not open-sourced yet)

« @ Pursuing a Ph.D. @LMU Munich.

(¢]

changkun.de/s/bo: Bayesian optimization in native Go
changkun.de/s/ddd: An efficient 3D rasterizer in native Go
changkun.de/s/ray: An efficient 3D path tracer in native Go
changkun.de/s/win: A cross-platform window management package in Go
poly.red/s/geometry: Geometry processing facilities in native Go
poly.red/s/geobench: Geometry processing benchmarking facilities in Go
poly.red/s/linalg: Algebra facilities for geometry processing in native Go
poly.red/s/formats: Wide range formats support in Mesh loader/exporter in Go
poly.red/s/raster: Cross-hardware unikernel for rasterization in Go
poly.red/s/pbr: Cross-hardware unikernel ray tracing rendering in Go
poly.red/s/tree: A 3D engine in Go

... and more!
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Changkun Ou

changkun

Follow © sponsor

Science and art, life in between.
A 2.5k followers - 121 following - ¥¥ 478

[E Research Assistant @mimuc
© Munich, Germany

£ Sign in to view email

& https:/jchangkun.de

¥ @ouchangkun

Highlights

% Arctic Code Vault Contributor
{5} Developer Program Member
Y7 PRO

Organizations

.m ’rﬂ

Sponsors

i

« ‘= Research combines HCI, computer gr

learning, and system programming

« ~f Open source fancier in Go, C++, Java
+ L Founded the golang.design initiaitive,

spare time
My resume and talks, and YouTube ck

« % Homepage at changkun.de.
Selected services that | wrote and use undet

« changkun/occamy: Ba modern remote.
« changkun/midgard: , a universal clipbo
« changkun/redir: () URL shortener and re
« changkun/urlstat: ./ URL access statisti
« changkun/upbot: g an uptime monitorin
« golang-design/code2img & A carbon-n
« golang-design/ssaplayground: % The G
« changkun/main: 4 The entrance of char
« changkun/proxy: § reverse proxy config

Selected writings that contain my thouhts ar

« changkun/blog: 4 Changkun's Blog

« golang-design/history: » Go: A Docume
« golang-design/research: & (Possibly) N
« golang-design/under-the-hood: & Go: L
« changkun/modern-cpp-tutorial: & Mode

Selected packages/tools that | wrote for gen

« golang-design/bench: (5 Reliable perfor
« golang-design/clipboard: [] cross-platf
« golang-design/mainthread: &3 schedule
« golang-design/thread: i thead facilities
« golang-design/mkill: % mkill limits the n
« golang-design/lockfree: /- lock-free util
« golang-design/go2generics: / experim
« changkun/rmtrash: 77 moves directory e
« changkun/apreserve: & apple store shor
« changkun/tli: @a Things 3 CLI

« changkun/pkg: " personal Go codebase
« changkun/bo: (4 a bayesian optimizatior
« changkun/sched: T a high performance
« changkun/ddd: @ a 3d rasterizer in pure
« changkun/gomat: &3 cache-aware lock-f


https://emojipedia.org/waving-hand/
https://github.com/changkun
https://github.com/polyred

Discussions

Better HCI models: (Almost) all existing HCI theories are not applicable
o  How to better combine users' subjective data into an objective algorithm computation process?
o  Are there any more HCI models that describes and learn human preferences?
e Efficient preference query: User should always take the lead but ask feedback is (super) inefficient
o  Can user preference be encoded in an open-ended design task?
o  Search a design as quick as possible (machine side)
e Time-varying preference learning: The assumption of users' preference does not change is not valid
o  What can we do about it?
e Crowdsourcing: End consumers may not care about high quality mesh
o  How to involve their opinion in real-time? GWAP? (ouetai20191
e Better coding experience in research
o  Huge code workload for a simple idea, what can we improve about this?
o  Open-source helps gather crowd wisdom, but | keep doing research as a single coder on a project (almost

impossible to communicate low-level details, it is not just calling APIs). How can we improve about this?
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