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Thank you. This talk should be given by my PhD student Yong Li. He couldn’t be here today for visa reasons.
% % %

Welcome to the talk, my name is Yong Li, I'm a PhD student in George Mason University.

We create a document processor called H@rtDown for executable linear algebra papers.

This is a joint work with

Dr. Shoaib Kamil from Adobe Research,

Prof. Alec Jacobson from University of Toronto and Adobe Research,
And my advisor Prof. Yotam Gingold from George Mason University.



HVYrtDown

H@rtDown is an environment for reading and writing scientific documents. Instead of writing formulas in latex, you write them in IQLA.



# Surface Fairing
»: fairing

Surface fairing given boundary constraints depends on the order of the Laplacian. A simple
="def"-graph Laplacian $L$ can be written in terms of the adjacency matrix $A$ and the
="def"-degree matrix $D$ . Those matrices can be derived purely from the ="def">the
edges of the mesh $E$

We then solve a system of equations $Lx = 0% for free vertices to obtain the fair surface. We can write
="def"-the fair mesh vertices $V'$ directly given ="def"-boundary constraints

provided as a binary vector $B$ with 1's for boundary vertices , a large scalar

="def:w"-constraint weight ow=10A6v, and "def"-3D vertices for the constrained mesh

$V

HWrtDown is an environment for reading and writing scientific documents. Instead of writing formulas in latex, you write them in IWLA.



H@¥rtDown Editor

full_paper: False

v: fairing
Surface fairing given boundary constraints depends on the order of the Laplacian. A simple
="def"-graph Laplacian $ can be written in terms of the adjacency matrix
="def"-degree matrix $D: . Those matrices can be derived purely from the

edges of the mesh SES y

We then solve a system of equations SLx = 0% for free vertices to obtain the fair surface. We can write
“def"the fair mesh vertices $V'S directly given ="def"-boundary constraints
provided as a binary vector $85 with 1's for boundary vertices. , a large scalar

constraint weight ww=106v, and ef"-3D vertices for the constrained mesh

By compiling the math, HﬁrtDown augments the paper with clickable definitions



bimple
[ x $AS and the
="def">the

'face. We can write
~boundary constraints

br the constrained mesh

By compiling the math, H@rtDown augments the paper with clickable definitions
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1 Surface Fairing

Surfae fuiring wiven boundary constrsints depends on the order of the Lahacian,
A simple graph Laplacian L can be written in terms of the adjacercy matrix 4
and the degree matrix D. Those matrices can be derived purely from the the edges
cfthe mesh £

tre degree

L (i) EE
=41 f(HcE
0 otherwise

D=3 Ay

7
L=D'(p-4)

We then solve a system of equations Lz = 0 for free vertices to obtain the fair
surface. We can write the fair mesh vertices V? directly given boundary con-
We straints provided as a binary vectar B with 1's for boundary vertices, a large
S scalar constraint weight w = 10°, and 3D vertices for the constrained mesh V:
nstrained mesh

V! = (L4 wding (B)) ' (sedlag (B) V) (2)
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Missing descriptions for symbols: "
falring: D

< Complle Fairing the middle half of a cylinder.

Glossary of fairing
A €R™™ The adjucency
matrix
B €& boundary con-
straints provided as 2 bi-
nary vector B with 15
far houndary vertices

type: the edges of
the mesh £
L ¢ R"** graph Laplacian

V € R 3D vertices for
the constrained mesh V'

V' € R™: the fair mesh
wvertices V/

n €% 'Tbe number of
mesh vertices

w & R: constraint weight

and warns you when you’ve forgotten to describe a variable
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1 Surface Fairing

Surfuce fuiring given boundary constraints depends on the order of the Laplacian,
A simple graph Laplacian L can be written in terms of the adjacency matrix 4
and the degree matrix D. Those matrices can be derived purely from the the

edges of the mesh £
1 (i) cE
Ay={1 FGYER

0 othecwise
D=3 Ay

1)

L=07"(D-4)

We then solve a system of equations Lx « 0 for free vertices to abtain the fair
surface, We can write the fair mesh vertioss ¥ directly given boundary con-
straints provided as a hinary vector B with 1's for boundary vertices, 2 large

Ve ¢ sealar constraint weight g = 10°, and 31 vertices for the constrained mesh V:
V2 (L o+ wéliag ()} (wdliag (1) 2
\ b
3 % e 4 = 3 »

< Complle Fairing the middle half of 2 cylinder.

Glossary of falting

A €RY™ The adjacency
matrix

B =% boundary con-
straints provided as & bi
nary vector B with U's
for boundary vertices

D £ B degree matrix

E set type: the edges of
the mesh £

L B ruph Luplacian

V € R™E 4D vertioes for

the constrained mesh V7

& R the fair mesh
vertices V'

n C% The number of
mesh verlices

w0 & R: constraint weight

v

The compiled math can be used to generate figures.

Updating the formula will change both the typeset math and the figure.




Related Work

Literate programming environments Reactive documents and publishing Compilable math and augmentations
* Literate Programming [Knuth 1984] + ldyll [Conlen and Heer 2018] « Fortress [Allen et al. 2005
» Markdown [Gruber and Swartz 2004] « Tangle [Victor 2011] « Lean [de Moura et al, 2015]
* Notebooks [Armon 1988; Kery et al. _— .
2018; Rule et al. 2018; Wolfram + Distill [Team 2021] * Julia [Bezanson et al. 2017]
1988] * Authorea [Goodman et al. 2017] * [Alcock and Wilkinson 2011]
* Pluto [Plas 2020] * Nota [Crichton 2021] * [Dragunov and Herlocker 2003]
* Observable [Bostock 2017] « [Bonneel et al. 2020] « [Head et al. 2021, 2022
* ScholarPhi [Head et al. 2021] * Penrose [Ye et al. 2020)
e oo et « QLA [Lietal. 2021]
given
p_i € R3:
d_i € R3:

i=(Is-d_idi")
=(xi

P
q Pi)-* (3 iPipi)

There is related work on ...

* Literate programming environments, which duplicate math and code. H@rtDown avoids this duplication.

* H@rtDown is related to reactive documents and publishing. H@rtDown focuses on helping scientific document users correctly author, read, and experiment with

mathematical formulas.
* We make use of languages for compiling math and ideas for augmenting math.



Design Goals

* Support authoring, reading, and making use of (experimenting with)
 Correct and reproducible documents

* Minimal authoring overhead

* Ecological compatibility

* Don’t change what authors put in papers (prose, math, figures,
tables)

* Minimal changes to how they write
* Plain text documents

We have two design goals.

The first is to support authoring, reading, and making use of (experimenting with)
Correct and reproducible documents

With Minimal authoring overhead

The second is to provide ecological compatibility which means
We don’t want to change/restrict what authors put in papers (prose, math, figures, tables)
And we want minimal changes to how they write, e.g.: We prefer plain text documents
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To inform our design, we analyzed 156 papers from the SIGGRAPH North America 2020 Technical Papers program.

% collecting both quantitative and qualitative observations.



Formative Study

* All appear to be written using LaTeX.

* Observations:
Prose organizes the document, interleaved with math.
Math appears out of order. Symbols used before defined.

Our formative study found that

All papers appear to be written using LaTeX.

Other Observations include

() Prose organizes the document. Mathematical expressions appear between paragraphs of prose or inline.
(I Math symbols are often used before they are defined, as determined by the prose.

#



Math appears out of order o sieia 2019
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Let’s see a typical example from this paper.

If we zoom in the six and seventh pages.

(# this paper is not from SIGGRAPH 2020, but it better demonstrates the dependence)



Math appears out of order o sieia 2019
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We can see that (*) equation one defines a function C that uses w which is (*) defined in the second equation, meanwhile, omega in the second equation is defined in (*)
the fourth equation.

For each equation, there’s a prose block (*) after the equation describing all the symbols in that equation



Formative Study

* All appear to be written using LaTeX.
* Observations:

This is an excellent fit to the psychophysical data, with a mean
absolute error of 0.24 (equivalent to 9.4%) between measured and
predicted judder at the probed points. To present the reader with
an error metric that relates to physical quantities, we also com-
puted the mean error in the log-luminance domain (to avoid under
representing errors in low-luminance conditions). Given N as the
number of measured conditions, O(i) being the observed means
for each condition and M(i) values predicted by our model, we
calculate the error Eas —

‘e z”: llog(O()) ~ log@H®)! @
- 1og(0(i))

|. Prose organizes the document, interleaved with math.
II. Math appears out of order. Symbols used before defined.
Il Symbols re-used in different contexts.

If we introduce the simplifying assumption that the critical flicker
fusion rate (CFF) is linearly correlated through a factor M with
judder-sensitivity, then we can obtain a log-luminance equivalence
like the one queried in this experiment. Denoting Fg and F, as the
two frame rates and L, L}, as the luminances:

Fa = M « CFF(Lg) =[M]a = log(La) + b), (4)

[Chapiro et al. 2019

We also found that
() Symbols may be re-used, but the different context is clear to the reader.

For example, the M symbols have different meanings in these equations.




Formative Study

* All appear to be written using LaTeX.

* Observations:
Prose organizes the document, interleaved with math.
Math appears out of order. Symbols used before defined.
Symbols re-used in different contexts.

Symbol appears in executable formulas and non-executable derivations.

We now consider the nine possible deformations liii generated

y setting f=e; and g=e; for every pair (i, j), where the vectors
by sett d ;i fi (i, ), where th t

{ey, ez, 3} form an orthonormal bases spanning ®. Due to super-

position, we can linearly combine i) with scalar coefficients F; v

and obtain a matrix-driven solution of (2) of the form p— (1 32

i a1 L

: Z‘_j Fijej-V(Ke(r)e) = VKc(r): F, (12) \re 2z (14)

1 3,
=b | < (F+F' +w(F)I) == (r'Fr) 1| r.
re re

By computing the spatial derivatives of u,, we obtain the displace-
ment field u,(r) in terms of the force matrix F:

where F= ]F,Jl is a 3x3 force matrix, and the symbol : indicates the
double contraction of F to the third-order tensor V&, (r), thus re-
turning a vector. Similarly, we can write the body load that generates

[De Goes and James 2017]

() A symbol may appear in both derivations and executable formulas.

For example, the equation 12 is the derivation for the function u while equation 14 is executable.



Formative Study

* All appear to be written using LaTeX.
* Observations:
Prose organizes the document, interleaved with math.
Math appears out of order. Symbols used before defined.
Symbols re-used in different contexts.
Symbol appears in executable formulas and non-executable derivations.
Symbols and functions appear with conditional assignment.

Functions have a variety of implied semantics for parameters and
pre-computed symbols.

() Symbols and functions may be defined via conditional assignment, a simple form of control flow
(1) Functions make use of a variety of implied semantics for parameters
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We quantitatively analyzed the 916 function definitions across the 156 SIGGRAPH papers.



Analysis of all 916 function definitions at SIGGRAPH 2020

Parentheses

1
L(a) = cotha — —
for parameters a

0% 25% 50% 75% 100%

[Ni et al. 2020]

We take an empiric approach to categorize these Equations.

Here is the overview of them.
96% use parentheses for parameters,




91% rely on implicit parameters,

Analysis of all 916 function definitions at SIGGRAPH 2020

Parentheses
for parameters

Implicit parameters

0%

25%

50%

75%

100%

E(u)

1 1
sIIM2(u—=u’)
he

1
L(a) = cotha — —
a

’ + Z Wiu)

[Ni et al. 2020]

[Liu et al. 2020]




Analysis of all 916 function definitions at SIGGRAPH 2020

Parentheses L(e) = cotha — + [Ni et al. 2020]
for parameters a
1 ) 2 .
Implicit parameters Ew) = 2 [M?(u - u®)| 4 Z Wi(u) [Liu et al. 2020]
. ) L_
Function subscript op(x) = g(xif +e)z71 [Lan et al. 2020]
as parameter
. Z,- v Wi - S;
Unused parameters Ssrlr,y) = == ™ [Ma et al. 2020]
Defined vi Lo+ 18 0sren, .
i e Ir:e via t W(r, Weusic = { (2 - )%, l<r<2 [Kim et al. 2020]
conditional assignmen 0 s
Square brackets 2 r(2) » T(%2) )
for parameters E[Lyx,] = P r() g (221) [Chiu et al. 2020]
Function superscript Yal . . .
as parargeter b x) = 7(2::3” DB ) = L Vs(Salx,u)")du  [Lessig 2020]
Parameter superscripts 5 . R 20 g .
o 2 = area 1-28H(f) + 6°K iang et al. 2020
as additional parameters area(f") = area(f)( () () [iang ]

0% 25% 50% 75% 100%

We observed a variety of other less common semantics related to function parameters.

% 2% interpret the parameter superscripts as additional parameters,

Based on these findings, we extend the grammar and implementation of I@LA to include support for local functions



Formative Study

* All appear to be written using LaTeX.
* Observations:
Prose organizes the document, interleaved with math.
Math appears out of order. Symbols used before defined.
Symbols re-used in different contexts.
Symbol appears in executable formulas and non-executable derivations.
Symbols and functions appear with conditional assignment.

Functions have a variety of implied semantics for parameters and
pre-computed symbols.

* Pseudocode sometimes present, compilable code isn’t. No literate programs.

In addition, Pseudocode sometimes present while compilable code isn’t. There’s No literate programs.



H@rtDown Design: Authoring

* Context definition

5 e: fairing

Surface fairing given boundary constraints depends on the order of the Laplacian. A
simple ="def"-graph Laplacian $L$ can be written in terms of the
adjacency matrix $AS and the ="de degree matrix $DS . Those
matrices can be derived purely from the ="def"-the edges of the mesh

SES

We then solve a system of equations $Lx 0$ for free vertices to obtain the fair
surface. We can write ="def"-the fair mesh vertices SV'$ directly
given ="def"-boundary constraints provided as a binary vector $8S with
1's for boundary vertices , a large scalar ="def:w"-constraint

weight ww=10A6e, and ="de 3D vertices for the constrained mesh

We design H@rtDown based on our formative study.

Just as in LaTeX or many other Markdown formats, the prose is written as plain text with occasional markup commands

(*) Authors must declare a context for their symbols.
The context disambiguates symbol reuse (and corresponds to our concept of modules).

#H#H#
This allows better symbol and formula re-use

Later context declarations override earlier declarations.



H@rtDown Design: Authoring

* Prose descriptions

&= # Surface Fairing
5 e: fairing

Surface fairing given boundary constraints depends on the order of the Laplacian. A
simple ="def"-graph Laplacian $L$ can be written in terms of the
adjacency matrix $AS and the ="de degree matrix $DS . Those
matrices can be derived purely from the ="def"-the edges of the mesh

$ES

We then solve a system of equations $Lx 0$ for free vertices to obtain the fair
surface. We can write ="def"-the fair mesh vertices SV'$ directly
given ="def"-boundary constraints provided as a binary vector $8S with
1's for boundary vertices , a large scalar ="def:w"-constraint
weight ww=10A6e, and ="de 3D vertices for the constrained mesh

One appearance of a symbol in the prose deserves special attention: the text describing the symbol.

Detecting the span of this description cannot be accurately automated, so we require authors to annotate such spans.



H@rtDown Design: Authoring

* Executable mathematical expressions

irface Fairing

»: fairing

Surface fairing given boundary constraints depends on the order of the Laplacian. A
simple ="def"-graph Laplacian $L$ can be written in terms of the
adjacency matrix $AS and the ="de degree matrix $DS . Those
matrices can be derived purely from the ="def"-the edges of the mesh

$ES

We then solve a system of equations $Lx 0$ for free vertices to obtain the fair
surface. We can write ="def"-the fair mesh vertices SV'$ directly
given ="def"-boundary constraints provided as a binary vector $8S with
1's for boundary vertices , a large scalar ="def:w"-constraint

weight ww=10A6e, and ="de 3D vertices for the constrained mesh

Authors can write executable mathematical expressions in different I@LA blocks and inline I@LA formula. We chose I@LA since it resembles equations in papers and
can generate latex and code for different backends.

% I@LA requires type declarations for all symbols not appearing on the left-hand side of an equals sign



H@rtDown Design: Authoring

« |QLA extensions

* Local function support
* Symbol def-use analysis
* Modules

* MathJax output includes metadata

We extended 1§ LA with new language features.

We add local function support based on the formative study.

In order to handle Math appearing out of order, we add symbol def-use analysis
We add Modules to support different contexts

We also modify MathJax output to include metadata for our viewing environment



H@rtDown Design: Authoring

* Figures

H@rtDown executes Python code blocks, which allows authors to generate figures programmatically
The Python code can access the compiled functionality of the document as a module.

% Authors can also edit I@LA formulas and Python code for figures directly in the viewer-side of the authoring environment.



H@rtDown Design: Author support

HW¥rtDown Editor
1 Surface Fairing Glossary of firing
A € R The adjacency
Serface faiing pven boundary constrasnts depends ca the order of the Laplacian. matrix

A simple graph Laplacian L cas be written in terms of the adicency matrix A | 5 ¢ 2% boundary con
and the degree matrix D). Those matrices can be derived pusely from the the straits provided as a bi-
wdges of the mesh E. nary vector B with 1's

L HG)EE SEESaT
(i) e
A\,f{l iGNk e —
0 ctherwise B set type the edges of
1
Du=Y Ay 1" the mesh &
LeD"(D-A) -
0 for free
o -
nary wector B with 1's for boundary verties, & large v
i = 10%, and 3D vertices for the constraired mesh V. 8 6L The mmber of
mesh vertices.

Dimension mismatch. Can't mutiply matste(n, ) w diag(8) and matrixim, 3) V.
WV E L+ w diag(B))" (w diag(®) V)

Complle Fairing the middle half of a cylinder.

H@rtDown helps authors write correct math and complete prose.
Error messages appear whenever the user’s formulas contain incompatible indices, dimensions, types or erroneous syntax.

(*) The editor displays the I@LA compiler’s error message and highlights the appropriate line in the source.



HWrtDown Editor

full_poper: False

H@rtDown Design: Author support

1Surface Fairing

birary vector §
ccestroint weight

Missing descriptions for symbols:
fairing: D

< compile

59

J Surfave fuiring given boundary constraints depends on the order of the Laplucian.
Surfoce ¢ o n the order of the Laplacian. A sisple A simple graph Laplacian L can be written in terms of the adjacercy matrix 4
n 1n tems of the adja [ ‘ - ixD. i be deri Ly from the the edges

- of the mesh E.

L (L) ER
A,=41 HGACE

0 otherwise
Du=Y Ay

7
L-p'2-a)

)

We then solve a system of equations Lz = 0 for free vertices to obtain the fair
surface. We can write the fair mesh vertices V" directly given boundary con-
struints provided 25  binary vectar B with 1's for boundary vertioes, 2 large
scalar constraint weight w = 10°, and 3D vertices for the constrained mesh V:

V= (4 ading (B)) ' (sudiag (B) V) )

s0e

Fairing the micdle half of a cylinder.

Glossary of fairing

A €R™": The adjucency
matrix

B €2 boundary con-

nary vector B with 1
fur houndary vertices
DeRvn

E set type: the edges of
the mesh £

Lz R graph Laplacian

V € R™% 3D vertices for
the constrained mesh V'

V' € R™S: the fair mesh
vertices V!

e R: constraint weight

When symbols are not described anywhere in the prose, they

*) appear with red underlines in the viewer.




A Symmetric Objective Function for ICP
SZYMON RUSINKIEWICZ, Princeton University

The Iterative Closest Point (ICP) algorithm, commonly used for alignment of 3D mod-
els, has previously been defined using either u point-to-point or point-to-plane objec-
tive, Alternatively, researchers have proposed computationally-expensive methods
that directly minimize the distance function between surfaces. We introduce a new
symmetrized ohjective function that achieves the simplicity and computational effi-
clency of point-to-plane optimization, while yielding improved convergence speed and
& wider convergence besin. In addition, we present a linearization of the objective that
is exact in the case of exact correspondences, We experimentally demonstrate the im-
proved speed and convergence basin of the symmetric objective, on both smooth mod-
els and challenging cases involving noise and partial averlap,

1INTRODUCTION

Registration of 3D shapes is a key step in both 3D model creation (from scanners or
computer vision systems) and shape analysis. For rigid-body alignment based purely
on geometry (as opposed to RGB-D), the most common methods are based on variants
of the Iterative Closest Point (ICP) algorithm [Bes! and McKay 1992] . In this method,
points are repeatedly selected from one model, their nearest points on the other mod
(given the current best-estimate rigidbody alignment) are selected as correspondences,
and an incremental transformation is found thal minimizes distances belween point
pairs. The algorithm eventually converges to a local minimum of surface-to-surface
dlstance

Because ICP-like algerithms can be made efficient and reliable, they have becomse
widely adopted. As a result, researchers have focused on bhoth addressing the short
comings of ICP and extending it to new settings such as color-based registration and
non-rigid alignment. One particular class of improvements has focused on the loss
function that is optimized to obtain an ncremental transformation, For example, as
compared to the criginal work of Besl and McKay, which minimized point-to-point
distance, the method of [Chen and Medioni 1992] minimized the distance between a
point on one mesh and a plane containing the matching point and perpendicular to its
normal. This point-to-plane objective generally results in faster convergence to the
correct alignment and greater ultimate accuracy, though it does not necessarily in-
crease the basin of convergence. Work by [Fitzgibbon 2003), [Mitra et al. 2004], and
[Pattmann et al. 2006] showed that hath point-to-point and point-to-plane minimiza.
tion may be thought of as approximations to minimizing the squared Euclidean dis-

tance function of the surface. and thev nresented alvorithms that achieved sreater con-

H@rtDown Design: Reading Environment

Glossary of ICP

B & R* the averaged coordinate of points

g & R% the averaged coordinate of points

Eplane € R: the point-to-plane objective

Cpeunt € R the point-to-point objective

Eayeun-iN € R: the rotated-normals (*-RN) version of the
symmetric objective

Exymm € R £, 25 the symmetric objective

Etwo-pace € K- the sum of squared distances to planes de-
fined by both n, and g

1y € sequence of R% the surface narmals

7y € sequence of &% surface normals ng,

R € R¥*3% a rigid-body transformation (R|¢) such that ap-
gyiqlheunninmuﬁm!nl’umil to lie on top of

SeRt

a £ R%: aand & are the axis and angle of rotation

n € sequence of RY

P € sequence of R% pairs of corresponding points (py, g,),
where g is the closest point Lo p; given the current
transformation

PE sequence of R*

q & sequence of R®: pairs of corresponding points (m\,q),
where ¢ is the closest point to p; given the current
transformation

q'€ sequence of R?

rot € R,R* = "™, the rotation function

£ € R a rigid-body transformation (R}£) such that apply-
ing the transfarmation to /> causes it to lic on top of @

trans © B —» R*“ the translation function

reR

dc R

¢ Ri @ and 0 are the axis and angle of rotation

H@rtDown’s paper reading environment provides several useful interactions that use the metadata.

Other enhanced reading environments could be created using the metadata H rtDown generates. In fact, our augmentations were inspired by the ScholarPhi reading
environment [Head et al. 2021].



H@rtDown Design: Reading Environment

* Glossary

in Figure 4; for simplicity, the plotted data

v and parti
three plots, we note t! e rate has & powerful etfect on mil
sults ut 120 and 60Hx showing litte perceived judder, whil stizuli were all p
ceived with high levels of judder. A clear trend from the 30Hz plot is that, at this frame
Tate, judder increases unifeemly with luminance. In addition, speed has a nearly Linear ef-
fect cn percsived judder.

erzgres

Flg, 4. Results for experiment 1 (maving edge), averaged aver participants and contrasts
Vertical lines depict standard error aver all samples. Results for 120 (nght) and 60 FPS
(mid) show little judder. Thirty F¥S (left) appeared considerably distorted —judder in
creases almost linearly with speed, and there is a real separation between luminance

levels (plotted in red, green, and blue), with higher luminances considered to have more

judder.

seeny

Results for experiment 2 (panning comples Images), averaged over participants
fortical lines depict standard

over all samples. Pesults are similar to

at chowing much judder Thirty FPS

(left) continues Lo present a positive and clearly separable correlation of judder with
speed and luminance,

Glassary of judder

F. € R: Denoting F, and F, as the two lrame rates
Fi & R: Denoting K, and £} as the two frame rates
L, € R: L, , I s the laminances

Ly € R L, , Lyas the luminances

CFF & R — R: the critical flicker fusion rate (CFF)
F < R frame rate F

J € R 2n easily expressible madel of judder J
L & R: mean luminance L

M & R: a factar M

PcRRR +R

ScR speed §

a & X o and bare known constants

b & R:aand hare known canstants

a £ K - R: a the logarithm function

B & R - B §is the multiplicative inverse

(*)H@rtDown displays a context-dependent glossary in a fixed position as the page scrolls.

The glossary updates automatically with the relevant symbol list.



H@rtDown Design: Reading Environment
* Symbol definitions

approximate the surface around g; as planar, which only requires evaluation of surface

who minimized what has come to be called the point-to-plane objective :
2

Eplane = Z ((Bpi+t—a) 'iqz) (2)

i

n, € sequence of &% surface normals n, L

It can be shown that minimizing this J minimiza-

T T

When clicking on a symbol, H@rtDown shows its description and an arrow to the prose that described it.



H@rtDown Design: Reading Environment

* Equation relationships

where a and § are the axis and angle of rotation . We observe that the last term in (7) is
quadratic in the incremental rotation angle @, so we drop it to linearize:

Ro = veos@ + (a % v)sinf

= cos v + (@ x v)) ®
where & = atan (f) . Substituting into (6),
Eoymm = Z (cos fi{py — q) - ny — cosB(a x (pi+ ) - v + £~ )
S 2 €08 () (i~ @) - i+ (@it gdxm) -d =y £)° )
t
where 7 ny; and £ 08 (6)° ‘We now make the additional approximation of
cos ||
weight ctive ‘6 \pp 11 @ . Finally, for better
numer Y, we (pi: @) by point sel to the origin
and adjusting the solved-for translation appropriately. This yields:
31 - @) e ma - ((F+ @) % i) a4 mee B (10)

where p, -~ p,~ P and g, — ¢;— §. This is a least-squares problem in G and , and the fi-
nal transformation from P o Q is:

P PN
S trans(3) - rot (8, ° )-Iram(fras{l)))-rnt(l/. ‘f”)-fmmc—ﬁ) 1)
a

)

(*)When clicking an equation, H@ rtDown highlights the terms involved in the formula as well as downstream uses of the symbol.
H@rtDown solves a graph coloring problem to color symbols distinctly.

% H@rtDown solves a graph coloring problem using a greedy technique [Liu et al. 2021] to ensure symbols in the same equation have different colors.



H@rtDown Design: Experimenter (making use of)

HWrtDown Editor

(*)Here’s an example use of H@rtDown as an experimenter. This example describes a clustering algorithm.

We generate the output by compiling the source code.
The paper uses the L1 norm to calculate distances. The user changes the math to use the more common L2 norm.

H@rtDown updates both the typeset math and the figure that relies on the generated code library.

The new cluster centers have changed and are now heavily influenced by the outliers.

We can also click the figure to update the figure code, in this case, H@ rtDown will only rerun the figure code.

#iH

The generated code libraries are saved into files and can be used outside of the H rtDown reading/authoring environment.
We’ll show examples of that in our case studies.



Implementation

N\

4

!

Compile IWLA « Assign Contexts

H@rtDown Extension  (aaw)

Python-Markdown

ACE Output
Editor HTML
l Web User Interface I Python
(m@iﬁﬁ@ﬂ). Generate Figures
|WLA Compiler Tornado Web Server € &Report Errors

mdx_bib Extension

Citations

Resolve Symbols=Extract Figure Code —— & Derivations

LaTeX Extension

(edisiing)

To learn about H@ rtDown’s implementation,

% This figure shows the overall structure for H@ rtDown’s implementation.




please watch Yong’s longer talk or read the paper.



H¥rtDown Case Studies

Entire papers
« An Omnistereoscopic Video Pipeline for Capture and Display of Real-World VR
« A Luminance-aware Model of Judder Perception (*)

« A Perceptual Model for Eccentricity-dependent Spatio-temporal Flicker Fusion and its Applications to Foveated
Graphics

+ A Symmetric Objective Function for ICP (*)

+ Regularized Kelvinlets Sculpting Brushes based on Fundamental Solutions of Elasticity (*)

Paper sections

+ Stable Neo-Hookean Flesh Simulation (*)

« A perceptual model of motion quality for rendering with adaptive refresh-rate and resolution

« Anisotropic Elasticity for Inversion-Safety and Element Rehabilitation (*)

« On Elastic Geodesic Grids and Their Planar to Spatial Deployment

« Nautilus-Recovering Regional Symmetry Transformations for Image Editing

« Computational Design of Transforming Pop-up Books

« Unmixing-Based Soft Color Segmentation for Image Manipulation (*)

« Generic Objective Vortices for Flow Visualization (*)

« SIERE: a hybrid semi-implicit exponential integrator for efficiently simulating stiff deformable objects

(*) compares code to an existing implementation

We converted a variety of SIGGRAPH papers and paper sections to H@ rtDown as case studies.

HHHHHHHH

Our criteria for selecting papers were that they use linear algebra implementable by I@LA

The papers are from the past five years (2017-2021) of SIGGRAPH and span geometry processing, image processing, visualization, simulation, and rendering.

It include 5 full papers and 9 papers for which we implemented single subsections



H¥rtDown Case Studies

A Symmetric Objective Function for ICP
Szymon Rusinkiewicz

SIGGRAPH North America 2019

» H@rtDown source (entire paper)
» H@rtDown-generated code libraries
« Existing implementation source code before modification and modified to call H@rtDown-generated code

Original Paper [PDF] HWrtDown Paper Viewer

Each case study includes the H@ rtDown source file, H rtDown’s generated paper reading environment, and H@ rtDown’s generated code library for C++, Python and
MATLAB.

We also provide a link to the original paper for comparison and side-by-side screenshots.



Expert Study

* 3 CS PnhD students

* Author an original document related to their computer graphics research

 Spent 24, 7, and 6 hours, respectively, using H@rtDown over a period
of two weeks

We recruited 3 computer science PhD students for an expert study.
In our experiment, participants were given initial and follow-up questionnaires to understand their current practices and share their thoughts about H@rtDown.

They spent a total of 24, 7, and 6 hours, respectively, using H@r‘cDown over a period of two weeks.
For the tasks in our expert study,



Expert Study: Observations and Conclusions

Bending Energy

Define bending encegy By

B = ;Z ;‘(Ev,.‘nlﬂz. &) + Bussls, '“H.:':)

"H®rtDown is an excellent
tool to share tutorialls] online —
it highlights the vector
dimension and variable
meaning...following all the
vectors/matrices/their dims is
the hardest part of
reproducing a paper.”

equence of ilde d1 is d1 shifte ¥ one
equence of K™ tilde d2 is d2 shifted left by one
R:a; and b, as the two axies of the ellipse at

and by as the two ades of the ellipue at

u tor
‘eing curvature vectors
xb heirs curvatare binarmal

(*) One expert wrote a tutorial for discrete elastic rods. This tutorial is now more readable due to math augmentations and can be used in addition to reading since it self-

generates code in any programming languages I@ LA supports.

That expert said: “H@ rtDown is an excellent tool to share tutorial[s] online —it highlights the vector dimension and variable meaning...following all the vectors/matrices/

their dims is the hardest part of reproducing a paper.”

Please see the longer talk or the paper for an in-depth discussion.



Limitations

« H@rtDown does not consider pseudocode or algorithmic steps
described in prose

Algorithm 1 A single simulation step of our proposed SPH-based
snow solver.
1+ foreach particle i do
2 compute pf | » sce Subsection 3.3.2
compute L; » see £q. (15)
con “ = eg., gravity and adhesion

» using Eq. (24)
S 2

[Gissler et al. 2020]

integrate vi*3" = vi + Az (a4 2l 4 gl 4 48)
10- foreach particle i do
1 integrate Fu g » see Subsection 3.3.1
12 foreach particle i do
13 integrate x!*% = x! + ArviA

* The space of executable math and potential application domains
for H@rtDown is much broader than linear algebra

One limitation of H@ rtDown is that it does not consider pseudocode, literate programming, or algorithmic steps described in prose. Algorithms are often needed to

make formulas useful.

Another limitation stems from the kinds of formulas that our extended version of I@LA can handle.



Future Work

« Automatic conversion from LaTeX to H@rtDown

* A proof checker to verify derivations

* Callbacks and delegates for expanding the abilities of the generated
code

* Support for active reading (e.g. annotating and comparing)

There are a lot of directions we’d like to explore in the future.
Automatic or semi-automatic conversion from LaTeX to H@rtDown

Incorporating a proof checker to verify derivations
Explore callbacks and delegates for expanding the abilities of the generated code

Improve our reading environment to support active reading activities such as annotating and comparing



Conclusions

« H@rtDown is a low-overhead, ecologically compatible document
processor

« H@rtDown supports authors and improves replicability, readability,
and experimentation

« Participants in our expert study found uses for H@rtDown in their
research practice.

In conclusion,

H@rtDown is a low-overhead, ecologically compatible document processor
H@rtDown supports authors and improves replicability, readability, and experimentation

Participants In our expert study found uses for H@ rtDown in their research practice.
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Dimension mismatch. Can't
subtract matrix(n,n) D and ...
Missing descriptions for
symbols: L, E, D

DESCRIPTIONS IN THE PROSE
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weiring given boundary constraints
depends on the order of the Laplacion. A simple
="def"-graph Laplacian SL$
an be written in terms of the adjacency matrix
SAS and the ="del" degree matrix
$ . Those matrices can be derived purel
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INTERACTIVE
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... AND TAGS DEFiNiTiONS
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Compile succeeded. | | iz

| Surtace Puring

H@rtDown can be used at all stages of research

(from experimenting with the seed of an idea, to writing the final paper)

Thanks for listening!

Please try our language.

You are welcome to contact us in the future.



