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Ruofel Du

Ruofei Du serves as Interactive Perception & Graphics Lead / Manager at Google and devotes to creating novel interactive technologies for XR. As a
Research Scientist, Ruofei's research covers a wide range of topics in technical HCI, Graphics, and Perception, including XR interactions, visual
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serves as an Associate Chair in program committee of CH| and UIST; an Associate Editor of |[EEE TCSVT. He holds 3 US patents and has published
over 30 peer-reviewed publications in top venues of HCI, Computer Graphics, and Computer Vision, including CHI, UIST, SIGGRAPH Asia, TVCG,
CVPR, ICCV, ECCV, ISMAR, VR, and I3D. In his own words: | am passionate about inventing interactive technologies with graphics, perception, and
HCI. See my research, artsy, projects, youtube, talks, github, and shadertoy demos for fun!

Personal Website
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Al + XR are converging to unlock a new paradigm of computing .
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InstructPipe

Describe the pipeline you want:
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Many of the past innovations are
not directly scalable in XR :(
Varied platforms, languages,
Interaction paradigms.
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Technology becomes obsolete,
but Vision is ever-lasting

What legacy do you wish to
leave for those living in 22007

TR AT RAN R £ O SN Sl ]
(P ‘. 2 v 3 o » u' . i oAt S - ~“."}.J. * ;
L 2 v . L LTS -t - 3 $ ’ > : 5
= W e Y . * oY . .Y Y - : roes g
“n >€ " 5 e & ° ¥ ‘.4. s ! oot
5 < - - . o O S o ).b- e Y
- L} . - - > . - :
W AR do P s Tt e S . T . ’
PR T A L p el S O . .
) o - o - ’ X < e X
Lot m'. . ™ P ‘- A l""’ 4"’.”»’ > «»"'ﬁ“'{‘\ 3
- " P . d Ko e " . i‘
. . E » . “ . . )
» . . 3 2. e . . . % v, ‘ S
" /" d . M g t ~“.r, .(d?‘ A :
" - we 'y L
— b A RN gl A o, a3
y a v . . ol TS . ,.‘0 ,,‘ = . : -
- ) o ;' d - s
£ f - A - ( y > > .
; ‘ s - v 5 . ¢ 4
. p 24 ; g : - e
- c iph e ! > '_‘—‘ N _.‘ 4 4 U .- e ’n l. .’. i
- P R S - ) BT BTN R A
. = . LS i—— LI
" it ‘ ¥Ry :
a












F @ Unity @

UNREAL
ENGINE

¥t copor

Callg¥ Comeengine

0 Jetpack

three.|s

pinch / click / touch

to change color




@ Unity @

UNREAL
ENGINE

¥t copor

Callg¥ Comeengine

0 Jetpack

three.|s

200+ lines of code




main.js

O 00 O U B WIN B

W W NNNNNNNNNNRRRRRRRB R B B
P ©®© WO NOUDNWNRPROOOLDNOUDNWNROS

32
33
34
35
36
37
38
39

import * as THREE from 'three';
import * as xb from 'xrblocks';

VES:
* A basic example of XRBlocks to render a cylinder and pinch to change color.
*/
class MainScript extends xb.Script {
init() {
this.add(new THREE.HemisphereLight(@xffffff, 0x666666, /+intensity=x/ 3));

const geometry = new THREE.CylinderGeometry(.2, .2, .4, /*segments=x/ 32);
const material = new THREE.MeshPhongMaterial(

{color: oxffffff, transparent: true, opacity: 0.8});
this.player = new THREE.Mesh(geometry, material);
this.player.position.set(@, xb.user.height - 0.5, -xb.user.objectDistance);
this.add(this.player);

VESS
* Changes the color of the mesh on a pinch in XR.
x @param {SelectEvent} event event.target holds controler / hand data.
*/
onSelectEnd(event) {
this.player.material.color.set(Math.random() *x Oxffffff);

}

VESS
* Changes the color of the mesh to blue during pinching in XR.
x @param {SelectEvent} event The controller / hand event.
*/
onSelecting(event) {
this.player.material.color.set(0x66ccff);
Iy
i

document.addEventListener('DOMContentLoaded', function() {
xb.add(new MainScript());
xb.init(new xb.Options());

});

dl
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00/ XRBlocks Manual APlIReference Templates Samples Gallery ¥

Basic ~

> Basic

Ul

( J
Basic
Depth
Stereo This template demonstrates a fundamental user interaction. Change the cylinder's color with a simple action.
Camera On Desktop: Click
Al In XR: Pinch
Al Live
Objects
XR Toggle

main.js

import *x as THREE from 'three';
import *x as xb from 'xrblocks’;

/ k%
* A basic example of XRBlocks to render a cylinder and pinch to change color.
*/
class MainScript extends xb.Script {
init() {
this.add(new THREE.HemisphereLight(@xffffff, 0x666666, /*intensity=x/ 3));
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const geometry = new THREE.CylinderGeometry(.2, .2, .4, /*segments=x/ 32);
const material = new THREE.MeshPhongMaterial(

=
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An |[deal Minimized Syntax

for (const object in world.objects) {
if (user.isSelectingAt(object)) {
const poem = agent.query(prompt)



xrblocks.js: WebAl + WebXR SDK
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idea to reality

vision: vibe coding for XR

xrblocks.js: WebAl + WebXR SDK
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XR Realism
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XR Interaction

Give the victory or thumbs-up gestures a try!
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Give the victory ¢ r thumbs-up gestures a try!




Al + XR
XR-Objects







explicit implicit

isTouching ge$tu re

.onTouchStart
.onTouchEnd .onGesture()

select

[global] voice

onSelectStart()
screen onSelectEnd()

touch onSelecting()
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[local]

onTriggered() XR
interaction

gaze

keyboard press [global]
gIioDa

pointOnGaze

.onKeyDown
.onKeyUp
.onKeyTouched’

agent’

[local]

ga mepad .onMessage() onGazedAt()
.onFocused()
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XR Brocks: Accelerating Human-Centered Al + XR Innovation
Preliminary White Paper, September 2025
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XR Interaction

[ Graphinputs ]

SimUIated X StatofuIPar.titionedCall H
. I StatefulPartitionedCall :
Reality
Z simple_mlp
-
fully_co;mected
l fully_connected l
Extended
.
Reality
fully_connected
| Graph(')ulpuls

simulation to on-device

benchmark to validation

Al + XR

Would you like a dish
recommendation?

Would you like me to explain the
£ context and technique behmd
) d Pollock’s unique ‘drip painting style?

idea to reality

Figure 1: XR BLOCKS accelerates the prototyping of real-time AI + XR applications across desktop simulators and XR devices.
Examples: (a) XR Realism: Prototype depth-aware, physics-based interactions [20] in simulation and deploy the same code to
real-world XR devices. (b) XR Interactions: Seamlessly integrate custom gesture models to desktop simulator and on-device XR
deployment. (c) AI + XR Integration: Build intelligent, context-aware assistants, like the Sensible Agent [34].

Abstract

We are on the cusp where Artificial Intelligence (AI) and Extended
Reality (XR) are converging to unlock new paradigms of interactive
computing. However, a significant gap exists between the ecosys-
tems of these two fields: while Al research and development is
accelerated by mature frameworks like JAX and benchmarks like
LMArena, prototyping novel Al-driven XR interactions remains
a high-friction process, often requiring practitioners to manually

K3 - b ] k] 4 a b ]

toolkit lowers the barrier to entry for XR creators. We demonstrate
its utility through a set of open-source templates, samples, and ad-
vanced demos, empowering the community to quickly move from
concept to interactive XR prototype.

Keywords

Extended Reality, Software Development Kit, WebXR, WebGL, Pro-
gramming Language, Depth-based Interaction, Mixed Reality, Aug-



Ten Million Users and Ten Years Later: Python Tutor’s
Design Guidelines for Building Scalable and Sustainable
Research Software in Academia

Philip J. Guo
UC San Diego
La Jolla, CA, USA

ABSTRACT

Research software is often built as prototypes that never get wide-
spread usage and are left unmaintained after a few papers get
published. To counteract this trend, we propose a method for build-
ing research software with scale and sustainability in mind so that
it can organically grow a large userbase and enable longer-term
research. To illustrate this method, we present the design and imple-
mentation of Python Tutor (pythontutor.com), a code visualization
tool that is, to our knowledge, one of the most widely-used pieces
of research software developed within a university lab. Over the
past decade, it has been used by over ten million people in over
180 countries. It has also contributed to 55 publications from 35
research groups in 13 countries. We distilled lessons from working
on Python Tutor into three sets of design guidelines: 1) user expe-
rience design for scale and sustainability, 2) software architecture
design for long-term sustainability, and 3) designing a sustainable
software development workflow within academia. These guidelines
can enable a student to create long-lasting software that reaches
many users and facilitates research from many independent groups.

CCS CONCEPTS

« Human-centered computing — Human computer interac-
tion (HCI).

Total # unique IP addresses per country:
100-999 1,000-9,999

10,000-99,999 mm 100,000-999,999 mm >1,000,000

Total # unique IP addresses that visualized code from Sep 2012 to Mar 2021

15,000,000

10,000,000

5,000,000

0 T | | |
2014-01-01 2016-01-01 2018-01-01 2020-01-01

Figure 1: Number of Python Tutor users by location and date,
estimated by unique IP addresses that have visualized code
on the site. (There was minimal usage from 2009 to 2012.)
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