Lecture 17:

High-Throughput World Simulation
for Agent Training

Visual Computing Systems
Stanford C5348K, Spring 2026



Experience collection for Dota 2 bots OpenAl Five stats

OPENAI FIVE

CPUs 128,000 preemptible CPU cores on GCP

GPUs 256 P100 GPUs on GCP

Optimizer + Connected Rollout Workers (x256) \
Experience collected ~180 years per day (~900 years per day
Rollout Workers

counting each hero separately)

~500 CPUs
Run episodes O Size of observation ~36.8 kB
- 80% against current bot 1p100 GPU o
- 20% against mixture of past versions Rollout Compute Gradients R o Observations per il
; : ata » Proximal Policy Optimization average gradient .
Randomized game settings Samples with Adam s BeVat Eian) second of gameplay
Push data every 60s of gameplay + Batches of 4096 observations
» Discount rewards across the 60s using « BPTT over 16 observations Batch size 1,048,576 observations
generalized advantage estimation .

\ / Batches per minute ~60

Model Parameters

(10M floats)

Eval Workers

~2500 CPUs
Play in various environments Model
for evaluation Parameters

* vs hardcoded “scripted” bot

» vs previous similar bots (used to
compute Trueskill)

* vs self (for humans to watch
and analyze)




Modern Al

Large-scale RL

The international journal of science /10 February 2022

FORCE

DRIVING

_____

Al algorithm outcompetes human

championsin Gran Turismoracing game

Safety net
Planning for the day
quantum computers

crackencryption

Global health

Reboot biomedical
R&D so everyone
benefits from discovery

Joined-up thinking
Technique makes
grafting possible for
key food crops

“bots”

4. Mass Scale Training Infrastructure

The DART platform had access to over 1,000 PlayStation 4 (PS4) consoles. Each was used to collect data for training GT
Sophy or evaluate a trained version. The platform consisted of the necessary computing components (GPUs, CPUs) to
interact with a large number of PS4s and support large scale training over an extended period of time.

for over 1500 epochs® from scratch, which takes approximately ten days to train on a single A100
GPU and a dozen Playstation 4 systems. For our experiments, we reduced the training time of each
iteration to 300 epochs, and only train the policy from the final iteration for 1500 epochs without
a secondary replay buffer (to compare with GT Sophy) for evaluation. From now on, we refer to
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Large-Batch World Simulation



2022-2025 “batch simulators” that achieve millions of steps/sec by
executing thousands of environments in parallel on a single GPU

= CUuLE:

~ Ata RL Bench

BPS3D: f<&
Home Navigation j o

¥
.
L,_q ‘f

Google MJX:

GPU Physics

Isaac Gym: 5
GPU Physics

marks

Craftax:
Open-Ended 2D Exploration

Kinetix:
Physics Based
Problem Solving

ManisKill:
Robotic Manipulation
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But... requires a simulator rewrite for the GPU
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Example: Issac Gym

 Batched many-environment execution applied
to rigid body physics sim

« Simulate 1000’s of world environments
simultaneously on the GPU

env, env, env,

\J/

franka, table, box, franka, table; box,

bodys body,,
(left finger) '; (right finger)

| | | | | | |

.l‘
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Significant engineering skill and effort to build new
GPU-accelerated batch simulator from scratch!

Task Domain Knowledge GPU Programming Skill Engineering Time

SM-0 SM-1 SM-(N-1)

=

Why isn’t there a “game engine” to make this task easier?
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What are the parallel systems
programming requirements?
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' ject in each world
1. Nested Parallelism: Task logic for each object in e



2. Irreqular nested parallelism and irregular per-world
state: worlds with varying numbers of objects
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3. Dynamic allocation/deallocation of environment state
New entities, physics contacts come and go, sparse
events

—r

/ . P / ¢ \ :
P \\
4
.//
: \\
> /’
P
/
e




4. Must perform complex spatial queries (aka “joins™):
Ray casting, 3D collisions, physical proximity...
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Usability: easy scripting of task-specific logic
def process_action(agent_position, action):
if action.type == MOVE_CHARACTER:
force = computeMovementForce(action.dir)
if action.type == LOCK_OBJECT_IN_PLACE:
hit_obj = raycastForward(agent_position)
iIf hit_ob;:
lockObject(hit_obj)



Usability: easy scripting of task-specific logic

def process_action(agent_position, action):
if action.type == MOVE_CHARACTER:
force = computeMovementForce(action.dir)
if action.type == LOCK_OBJECT_IN_PLACE:
hit_obj = raycastForward(agent_position)
iIf hit_ob;:
lockObject(hit_obj)

5. SPMD Implicit parallelism: logic written in terms of one
environment, automatically batched




We need to create a "game engine" (that meets
these requirements) for building batch
simulators.

1. Nested Parallelism

2. lrregular Parallelism & Collection Sizes

3. Dynamic GPU-Controlled Allocation

4. Complex Spatial Joins

5. SPMD-Style Control Flow, Implicit Parallelism



What about existing systems / frameworks that
have been used to build batch simulators?

CUDA C++ NVIDIA Warp O Pylo rch NVIDIA.
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Concept 1: ECS Entities
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Concept 2: ECS Components

Pos Bbox P l '
Act1on

N

Reward

\ovr =

e




Components represent simulation state

Agents

Obstacles

Pos

Bbox

Action

EnvID

Pos

Bbox

[0,0,.5]

{min...

LEFT

[0.5,0,.5]

{min...

[2,1,0]

{min...

FWD

[1.5,0,1]

{min...

FWD

[0,1,3]

{min...

[1,1,2]

{min...
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Store data across all environments in a batch in
columnar tables in GPU memory

Agents Obstacles

Pos Bbox | Action| Reward EnvID Pos Bbox

[@,0,05] {m-inooo LEFT ¢ e [0.5,@,.5] {m-inooo

[2,1,0] | {min... FWD : X [0,1,3] | {min...

[1.5,0,1] | {min... FWD - X [1,1,2] {min...

[1.5,0.5,1]

[_@05,9,@]

[1.5,0,2.5]

[2.5,0.5,2]

[1.5,0.5,2]
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Unified table storage also enables throughput-
oriented dynamic memory allocation

Agents Obstacles

Pos Bbox | Action| Reward EnvID Pos Bbox

[@,0,05] {m-inooo LEFT ¢ e [605,@,.5] {m-inooo

[2,1,@] {m'in... FWD 0 cee [@,1,3] {m-in°°'

{min...

[1.5,0.5,1]

[-0.5,0,0] : 70 1

[ ) , , ® ] o 00
81 3 [2.5,0.5,2] | {min...

3 2
il A b bbb dalll AN I
15 2
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Concept 3: Define functions to operate on these tables

Agents Obstacles

Pos Bbox | Action| Reward EnvID Pos Bbox

[@,@,05] {m-inooo LEFT ® e [905,@,.5] {m-inooc

~ o N\
ProcessActions

Pos, Action

o /




Concept 3: Functions define logic on these tables

Agents Obstacles

Pos Bbox | Action| Reward EnvID Pos Bbox

[@,@,05] {m-inooo LEFT ® e [905,@,.5] {m-inooc

~ o N
ProcessActions

Pos, Action

o /




Written as straight-line, per-entity logic, including
conditional behavior
Agents

def process_action(agent_position, action):

Id | EnvID Pos Bbox | Action | Reward if action.type == MOVE:

12 0 [0,0,.5] | {min... LEFT 0.1 force = computeMovementForce(action.dir)
if action.type == LOCK:

32 1 [2,1,0] | {min... FWD -0.1 - N

hit_obj = raycastForward(agent_position)
51 2 [1.5,0,1] | {min... | FuD 245 if hit_obj:
- .
ProcessActions

Pos, Action

o /




Easy implement of ‘foreach’: parallel GPU
threads execute system logic over each table row

Agents

def process_action(agent_position, action):

Id | EnvID Pos Bbox | Action | Reward if action.type == MOVE:
GPU Thread 0 [0,0,.5] | {min... LEFT 0.1 force = computeMovementForce(action.dir)
if action.type == LOCK:

hit_obj = raycastForward(agent_position)

GPU Thread 2 [1.5,0,1] {min... FWD 2.5 if hit obj:

A\ 4

GPU Thread 2 [2.5,0,1.5]| {min... | RIGHT 1.1 lockObject(hit_obj)

T T

~ . ™
ProcessActions

Pos, Action

- /




Create a task graph of what needs to be done

per sim step...

|

[ GenerateEnv J [

VelSolve

];

v

{t

[ProcessActionsJ [

PosSolve

J

\

{t

[ BVHRef1it ]

[ NarrowPhase ]

v

{t

[ FindOverlaps J [

Integrate }<#;

|

i

Y
[ BVHRef1t J

ool v

[ CheckVisible J [

Vv

[ Observations ]L__

\

[>[ MaskOutput J

V
[ComputeRewardsJ

| |
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Agent Observations & Rewards LIDAR

BVH & Broad Phase Physics Sub-Step




Our Hide-and-Seek batch simulator is orders of
magnitude faster than original open source reference

6.9K (CPU Reference) Based on CPU MuJoCo

1.9M (Batch GPU ECS)

0 0.5M 1 OM 1 5M 2 OM

Throughput

(Environment Steps per Second)
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Key subsystems in an RL agent training loop:
If the subsystems don’t communicate efficiently,

the whole loop will be slow

~

-

Simulation

o

(physics, task logic, etc)

_/

World States

—

>

Observations

—

Policy

Inference
(DNN forward pass)

Agent Actions

v

Policy
Weights

Policy
Optimization

\_

(DNN forward & backward)

v,




» Ly 5 A .
- > A
_ - ‘
= »

.

bLL: How to interface with a
L angge n
‘ 1 million+ FPS game engine on the GPU?
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Problem: existing graphics hardware APIs and
renderers only provide CPU-side interfaces
“They expect the CPU to tell the GPU what to do!”)

( ) s A (" B

CPU Game _’ Vulkan _’ GPU

Engine CPU Draw |Graphics APl| Graphics Rendering

. ) Commands . ) Driver _ Y
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Problem: our engine runs entirely on the GPU

4 ) g R (" )
GPU Batch % Vulkan _’ GPU
Simulator cPU Draw |Graphics APIl| Graphics Rendering

L ) Commands Driver g y

\— _J
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Recall: multi-world ECS tables provide high-
throughput interface for ECS systems to

communicate | ]
[ GenerateEnv J [ VelSolve ]: [ BVHRef1it ]
v { v v
{ProcessAct'ions} [ PosSolve ] [ CheckVisible ] [ Lidar }
g o | v |
[ BVHRefit J [ NarrowPhase J [ Observations ]I:
& B v
[ FindOverlaps J [ Integrate J<'.: \/:>[ Mask(iutput J
ﬂ ﬁ [ComputeRewa rds J
@ Vv vV VvV
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Multi-world ECS tables provide high-throughput

interface for ECS systems to communicate

-

\_

Process
Actions

~

_

-
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Physics
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\_

Compute
Rewards

~

_J
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Agent

~

Observations

-

,
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Multi-world ECS tables provide high-throughput

interface for ECS systems to communicate

-

\_

Process
Actions

81
‘ 11 3

_J

IIIIIIIIIII

[0,1,3] {min...

[-0.5,1,0] | {min...

3 [2.5,0.5,2] | {min... | -

[1.5,0.5,2] | {min...

"

Physics

o

IIIIIIIIIIII

] [0.5,0,.5] | {min... | ... | ||

[e,1,3] fmin... | oo | 1]

1 [-0.5,1,0] | {mineee | -+ | 7]

2 [1.5,0,2.5] | {mine.s | -+ |||

3 [2.5,0.5,2] | fmineee | - || ||

v

r

\_

Compute
Rewards

~

_J

a

Agent

~

Observations

&

,
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-

\_

Process
Actions

~

Id | EnvID Pos Bbox
13 0 [0.5,0,.5] {min...
72 (] [0,1,3] | {min...
61 0 [1,1,2] | {min...
49 1 [0.5,1,2] | {min...
70 1 [-0.5,1,0] | {min...
33 2 [1.5,0,2.5] | {min...
81 3 [2.5,0.5,2] [ {min...
11 3 [1.5,0.5,2] | {min...

_J

"

Physics

o

v

Id | EnvID Pos Bbox
13 0 [e.5,0,.5] | {min...
72 0 [0,1,3] {min...
61 ] [1,1,2] | {min...
49 1 [0.5,1,2] | {min...
70 1 [-0.5,1,0] | {min...
33 2 [1.5,0,2.5] | {min...
81 B [2.5,0.5,2] | {min...
11 3 [1.5,6.5,2] | {min...

Pos
13 0 [0.5,0,.5] | {min...
72 0 [e,1,3] {min...
61 0 [1,1,2] {min...
49 1 [0.5,1,2] | {min...
70 1 [-0.5,1,0] | {min...
33 2 [1.5,0,2.5] | {min...
81 3 [2.5,0.5,2] | {min...
[1.5,6.5,2]

Pos
13 0 [0.5,0,.5] | {min...
72 ] [0,1,3] | {min...
61 0 [1,1,2] {min...
49 1 [0.5,1,2] | {min...
70 1 [-0.5,1,0] | {min...
33 2 [1.5,0,2.5] | {min...
81 3 [2.5,0.5,2] | {min...
[1.5,0.5,2]

ldea: use multi-world ECS tables as renderer
Interface

\_

Compute
Rewards

_J

a

&

Agent

Observations

~

,

-

GPU
Rendering

>
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Batch simulator and batch renderer communicate through
reads/writes to shared ECS table: no CPU intervention!

GPU Batch
Simulator

—>

Renderable Entities

ID EnvID ObjID Transform
100 0 0] [[0.5, 0.0, ...]]
99 0 5 [0.2, 0.1, ...]]
102 1 0 [-0.5, 1.0, ...]]
105 2 2 [[1.5, 2.0, ...]]
20 2 3 [0.2, -1.5, ..]]
200 3 2 [[1.0, 0.0, ..]]
330 3 o) [1.5, 2.0, ...]]

-

-

GPU Rendering

_/
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Worlds can easily update positions & other
properties of renderable objects in parallel

GPU Batch
Simulator

o

,

—>

Renderable Entities

update_position(id) = 99

update_position(id) =9 105
update_position(id) == 50

ID EnviD ObjID Transform
100 0 0] [[0.5, 0.0, ...]]
0) 5 [0.2,0.1, ..]]
102 1 0 [-0.5, 1.0, ...]]
2 2 [1.5, 2.0, ...]]
2 3 [[0.2, -1.5, ...]]
200 3 2 [[1.0, 0.0, ..]]
330 3 o) [1.5, 2.0, ...]]

-

c

-

GPU Rendering

>

_/
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>100K FPS on low complexity scenes, including
cost of batch simulator => batch renderer interface

1 000K Hide & Seek

750K

500K

FPS

250K

64x64 128x128 256x256

Image Resolution



>10K FPS on high geometric complexity Robotics
scenes

/70K

53K

35K

FPS

18K

64x64 128x128 256x256

Image Resolution



Similar CPU => GPU Interface problems
exist in off-the-shelf GPU physics libraries!



PhysX requires CPU to “setup the physics scene”:
a bottleneck for procedural generation during training

Maniskill Open Cabinet Drawer Task
200 Step Episodes

Pre-Created 29K
Scene Layouts

Dynamic
Scene Layouts

8.4K

| | | |
0 40K 80K

Throughput

(Environment Steps Per Second)



Interfacing batch simulators with deep learning
frameworks

<« O PyTorch




Many off-the-shelf RL libraries do not have
efficient interfaces to batch simulators

2 vs 2 Hide & Seek

Simulator Only 1.9M

Stable Baselines 51K
PPO Training

| | | | |
0 1M 2M

Throughput

(Environment Steps Per Second)
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Building new training codebase around ECS-exported
tensors achieves ~20x end-to-end speedup

2 vs 2 Hide & Seek

Simulator Only 1.9M

Stable Baselines
PPO Training

51K

Batch Optimized

PPO Training o20K

| | | | |
0 1M 2M

Throughput

(Environment Steps Per Second) Stanford CS348K, Spring 2026



5.2b Steps of experience In 1.0 hours on v1UU



Implement simple proxies of real games In
fast-simulator: sim-to-sim transfer

1M steps/sec simulation in low-fi simulator Same policy running in 60Hz Roblox engine
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Sim-to-Sim: policies trained in coarse sim in a day can transfer
directly to unseen obstacles in a higher-fidelity simulator (Roblox)

48K, Spring 2026



We tried learning competitive strategies for 6 vs 6 FPS play

6 x 6 FPS simulator (collaboration with Activision)
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Leveraging system efficiency:
simple sim-to-real transfer via domain randomization
(100x more samples = a lot of domain randomization)

2 -
: ‘;’“ - lq.
¥
1 ¥
-~
|
7’
.
|
f
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But how do we make sufficiently
accurate simulations to train useful
policies?




Consider challenges of simulating these scenarios

Consider arguments for video-world model-based simulation.




Speed = level-of-detail = reasoning at the right level of abstraction

How can we identify and generate a world simulation at the right level of abstraction for
a given learning task?

What aspects of problem solving should be done at each level of abstraction?

Text-based game Low-fidelity sim High-fidelity game

“You are a character in a
battle Royale FPS game,
you are standing near a
corner and you see an
enemy peak out...

LLM policy action: Low-fi agent action: Game agent policy action:

“You should take cover” Move to (X,y) Game controller input
Stanford (5348K, Spring 2026



Project preso tips




Project presentation logistics

m NextTuesday June 2 (in CoDa)
- We'll send out a sign up sheet for slots
- Everyone in the class is welcome to attend any preso

m Each group has 10 minute “slot” to talk
- Aim for at most 8 minutes of speaking

m | would like all team members to participate in delivering part of the presentation
m Thereis no required format or template, but here are a few tips

m Note: your writeup/handin is due 11:59pm on Tuesday
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Communicating like an architect
(Aka. project presentation tips)



A few course themes

m Thinking like a systems architect

- What are inputs/outputs, constraints, and goals?
- What are the “services” the system should perform (what is hard for a user to do in a world without the system)

- Once you can establish answers to these questions, you can consider your solution options

®m  Knowledge of applications and systems is necessary to choose efficient solutions

- Algorithms folks use their hammer to reduce cost of algorithms (smaller DNN models, new optimization
hyperparameters, use different data structures, etc.)

- HW designers use their hammer (custom accelerators, new interconnects) to execute a given workload faster

- SW systems folks use their hammer (parallel/distributed computing, workload-specific scheduling, high level
programming abstractions, etc.)

B The best solutions architects pick the right mixture of hammers for the job
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A few course themes

m  Knowledge of applications and systems is necessary to do meaningful evaluation

- Is this the right workload to evaluate?
- Pitfall: measuring speedup on a part of the workload that is not the most significant
- Does dataset I'm using have the right data distribution?

- Am | measuring cost in FLOPs, but increasing data movement?

- Am | optimizing an algorithm that is not the right choice of algorithm for this problem?
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Why get good at communication?

m Systems architects need to be some of the best communicators in an organization
m Must be able to:
- Communicate with users to understand workloads and constraints
- Communicate with the individual contributors/engineers to:
- Understand emerging problems/constraints
- Understand how to evolve/extending existing designs to enable new functionality
- Must constantly be communicating to various parties why:
- Their desired features are not being added
- They must do the same work with 50% of the resources
- Communicate to everyone a strategic vision for a system
- Communicate to executives/management/funders how goals are being met.
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My motivation

m | have found | give nearly the same feedback over and over to students making talks

- Itis not profound feedback, it is just application of a simple set of techniques and principles that are
consistently useful when making talks

m | am hoping these slides serve as a useful checklist you can refer to vet your own project
presentation talks before giving them next Tuesday

- Don’t worry: | still make these mistakes all the time when creating first drafts of talks
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Who painted this painting?

,’ ’
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Salvador Dali (age 22)
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My point: learn the basic principles before you
consciously choose to break them
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Put yourself in your audience’s shoes

Tip 1
This is a major challenge for most technical speakers. (including professors)

(Tip: recite a sentence out loud to yourself. * Do you really expect someone who has not
been working with you everyday on the project to understand what you just said?)

* I'm not kidding. Say it out loud. | find hearing myself say something out loud makes it easier to parse it from an audience’s perspective.
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Consider your audience

m Everyone in the audience knows about course readings/topics
- Terminology/concepts we all know about need not defined (just say “remember we talked about X")

m Most of the audience knows little-to-nothing about the specific application domain or
problem you are trying to solve
- Application-specific terminology should be defined or avoided

- What they can get their head around is inputs/outputs and goals/constraints

m Everyone wants to know the “most interesting” thing that you found out or accomplished
(your job is to define most interesting for them)
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Tip 2
A good principle for any talk (or paper):
“Every sentence matters”

You might be trying to define a hypothesis.

What are you trying to say? Or define goals
What technical story are you trying to tell? Or establish inputs/outputs
What is point you are trying to make? Or show data that suggests you
were successful.

Is what you just said making that point? (If not, remove it)

If you can’t justify how it will help the listener understand the point, take it out.
If it’s not likely to be clear, take it out.
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Pick a focus

m Inthis class, different projects should stress different results
m  Some projects may wish to show a flashy demo and describe how it works (proof by “it works”)

m Other projects may wish to show a sequence of graphs (path of progressive optimization) and describe the
optimization that took system from performance Ato B to (

m Other projects may wish to clearly contrast parallel CPU vs. parallel GPU performance for a workload

Your job is not to explain what you did, but to explain what you think we should know.

And really the most important thing we want to know is (1) what was your goal? and
(2) what's the evidence you have that you were successful?
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Ignoring every sentence matters

Never ever, ever, ever do this!

Outline

@ Introduction
® Related Work

® Proposed System Architecture
<+ Basic design decision
<+ Dedicated hardware for T&l
“» Reconfigurable processor for RGS

® Results and Analysis
® Conclusion
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Bad example 2

m Whois the audience for this? (how does this benefit them?)

* Remove/Add Pixels
* Related work*:

— Improved Seam Carving
[SIGGRAPH 08]

— Shift-Map Image Editing
[ICCV 09]

* non-exhaustive

This type of related work section says little more than “others

have worked in this area before”.

— | suspect your audience assumes this is the case.
— Every sentence matters: if it doesn’t provide value, take it
out (or replace it with comments that do provide value)

(\ .' Discrete Methods

— Seam Carving [SIGGRAPH 07] B ez

m  Experts?

— They likely know these papers exist. These slides don’t
tell them what about these papers is most relevant to

this talk
B Non-experts?

— They won't learn the related work from these two slides

* Find continuous transformation
* Warp/deformation grid

* Related work*

— Non-homogenous warping,
ICCV 07

— Streaming video, SIGGRAPH 09

— Shrinkability Maps for Content-
Aware Video Resizing, PG 09

— Robust Image Retargeting via Axis-

Aligned Deformation, EG 12

Continuous methods

|1
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Tip 3

The audience prefers not to think (much)



The audience has a finite supply of mental effort

m The audience does not want to burn mental effort about things you know and can just
tell them.

- They want to be led by hand through the major steps of your story

- They do not want to interpret any of your figures or graphs, they want to be directly told how to interpret them
(e.g., what to look for in a graph).

- They want to be told about your key assumptions

m The audience does want to spend their energy thinking about:

- Potential problems with what you did (did you consider all edge cases? Is your evaluation methodology sound? Is
this a good platform for this workload?)

- Implications of your approach to other things

- Connections to their own project or interests
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Tip4

Set up the problem.
Establish inputs, outputs, and constraints
(goals and assumptions)



Basics of problem setup

m What is the computation performed (or system built)?
- What are the inputs? What are the outputs?

m Why does this problem stand to benefit from optimization?

- “Real-time performance could be achieved”
- “Researchers could run many more trials, changing how science is done”

- “Itis 90% of the execution time in this particular system”

m Whyisit hard? (What made your project interesting? What should we reward you for?)
- What turned out to be the hardest part of the problem?

- Optimization projects: e.g., overcoming SIMD divergence, increasing arithmetic intensity
- Applications projects: coming up with an algorithm to estimate depth, dealing with motion blur

- Abstraction/API projects: deciding between stateless or stateful interfaces
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Example: 3D rendering problem

B
//
#////:’J O i
B T S
Image credit: Henrik Wann Jensen
Input: description of a scene: Output: image of the scene

3D surface geometry (e.g., triangle mesh)
surface materials, lights, camera, etc.

Simple definition of rendering task: computing how each triangle in 3D
mesh contributes to appearance of each pixel in the image?
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Why is knowing the goals and constraints important?

Your contribution is typically a system or algorithm that
meets the stated goals under the stated constraints.

Understanding whether a solution is “good” requires
having this problem context.
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Tip 5

How to describe a system
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How to describe a system

m Start with the nouns (the key boxes in a diagram)

- Major components (processors, memories, interconnects, etc.)
- Major entities (particles, neighbor lists, pixels, pixel tiles, features, etc.)

- What is state in the system?

m Then describe the verbs

- Operations that can be performed on the state (update particle positions, compute gradient of pixels,
traverse graph, etc.)

- Operations produce, consume, or transform entities
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Tip: how to explain “a system”
m Step 1: describe the things (key entities) that are manipulated

- The nouns
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Example: real-time graphics primitives (entities)

Represent surface as a 3D triangle mesh

NN

ol
o4

°2

Vertices Primitives
(points in space) (e.q., triangles, points, lines)
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ol

Vertices
(points in space)

[
L
LICICC
LILICIC
L]
LICIC]
LICIC]
AN EEN
I:IHEI

L]

[

Fragments

Real-time graphics primitives (entities)

Primitives
(e.g., triangles, points, lines)

Pixels (in an image)
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How to explain “a system”
m Step 1: describe the things (key entities) that are manipulated

- The nouns

m Step 2: describe the operations the system performs on these entities
- Theverbs
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Input vertex
buffer

v

Real-time graphics pipeline

m Abstracts process of rendering a picture as a sequence of

operations on vertices, primitives, fragments, and pixels. i 30 vertex stream

v

Projected vertex
* stream

Primitive Generation

* Primitive stream
(triangles with
* projected vertices)

Fragment Generation
(“Rasterization”)

Fragment stream

v

Fragment Processing

* Colored fragment
Output image v stream
buffer ] :
(pixels) Pixel Operations

t ]
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Tip6

Surprises™ are almost always bad:

Say where you are going and why you must go there before you say
what you did.

* | am referring to surprises in talk narrative and/or exposition. A surprising result is great.
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Give the why hefore the what

m Why provides the listener context for...

- Compartmentalizing: assessing how hard they should pay attention (is this a critical idea, or just an implementation
detail?). Especially useful if they are getting lost.

- Understanding how parts of the talk relate (“Why is the speaker now introducing a new optimization framework?”)

m Inthe algorithm description:

- “We need to first establish some terminology”

Two key questions:

- “Even given X, the problem we still haven't solved is...”
* How much does SRDH improve traversal cost

- “Now that we have defined a cost metric we need a method to minimize it...” when perfect information about shadow rays
is present?

 How does the benefit of the SRDH decrease as
H |n the resuItS/ evaluation: less shadow ray information is known a priori?

(Is a practical implementation possible?)
- Speaker: “Key questions to ask about our approach are...”

- Audience: “Thanks! | agree, those are good questions. Let’s see what
the results say!”
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Big surprises in a narrative are a bad sign

m ldeally, you want the audience to always be able to anticipate® what you are about to say

- This means: your story is so clear it’s obvious!
- Italso means the talk is really easy to present without notes or text on slides (it just flows)

m |If you are practicing your talk, and you keep forgetting what'’s coming on the next slide
(that is, you can't anticipate it)...

- This means: you probably need to restructure your talk because a clear narrative is not there.
- It's not even obvious to you! Ouch!

* Credit to Abhinav Gupta for suggesting the term anticipation, and for the example on this slide Stanford C5348K, Spring 2026



Tip 7

Show, don't tell
It’s much easier to communicate with
figures/images than text

(And it saves the speaker a lot of work explaining... you can just describe the picture)
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Example:

m Inarecent project, we asked the question... given enough video of tennis matches of a
professional athlete, could we come up with an algorithm for turning all this input video
into a controllable video game character?

Compare the description above to the following sequence...
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ere’s an example of that source video

W ROLEX W 411 | | X LR
"

Novak DJOKOVIC 2 DJOKOVIC .

— A L L

Roger FéDLRFR . 2 FEDERER

The best way to describe the input data is just show it! ("This is what the input looks like!”) Stanford C5348K, Spring 2026




And there’s a lot of it out there!
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And here’s an example of controllable output
(_,. : L_: l l\ - .... “ y

1 B - | .‘
: J / : 1‘ N‘# \

¥ noLEX W 0.06

est way to ¢ escrlbe the output we seek is just show the result of the system I
(”We click to specify a target ball location, and the player hits the incoming ball back to the red dot”) Stanford (S348K, Spring 2026




Another example:
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A?ther example.we re ently created arrende : rame rates by
rendermg .nanyv‘ fth!'scene at the sqﬁ ietime r=_ i el |




Tip 8

Always, always, always
explain any figure or graph

(remember, the audience does not want to think about things you can tell them)
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Explain every figure

m Explain every visual element in the figure (never make the audience decode a figure)

m Refer to highlight colors explicitly (explain why the visual element is highlighted)

Multi-sample locations [Akeley 93]

Sample coverage multiple times per pixel (for anti-aliased edges)

Example voice over: “Here I'm showing you a pixel grid, a projected triangle, and the location of four sample points at each pixel.

Sample points falling within the triangle are colored red. |
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Explain every figure

m Lead the listener through the key points of the figure

m Useful phrase: “As you can see...”
- It’s like verbal eye contact. It keeps the listener engaged and makes the listener happy... “Oh yeah, | can see that! | am following this talk!”

Pixels at triangle boundaries are shaded multiple times

Shading computations per pixel

Example voice over: “Now I'm showing you two adjacent triangles, and I'm coloring pixels according to the number of shading computations that occur at each

pixel as a result of rendering these two triangles. As you can see from the light blue region, pixels near the boundary of the two triangles get shaded twice.
Stanford (5348K, Spring 2026




Explain every results graph

m May start with a general intro of what the graph will address (so audience “anticipates” the result)
m Then describe the axes (and your axes better have labels!)
m Then describe the one point that you wish to make with this results slide (more on this later!)

Merging reduces total shaded quad fragments
1/2-pixel-area triangles: 8x reduction

Big Guy Scene , !\3
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No merging
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Average triangle area (pixels)

Example voice over: “Our first questions were about performance: how much did the algorithm reduce the number of the shading computations? And we found out that the answer is a lot. This figure
plots the number of shading computations per pixel when rendering different tessellations of the big guy scene. X-axis gives triangle size. If you look at the left side of the graph, which corresponds to

a high-resolution micropolygon mesh, you can see that merging, shown by yellow line, shades over eight times less than the convention pipeline.
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Explain every results graph

m May start with a general intro of what the graph will address.
m Then describe the axes (your axes better have labels!)

m Then describe the one point that you wish to make with this results slide (more on this later!)

Autoscheduler performs comparably to experts

Performance relative to schedules authored by experts
(6 core Xeon CPU)

0.5 1.5
Bilateral grid | On 8 of the 14 benchmarks

el performance within 10% of
Camera pipe

Convolution layer experts or better

Harris corner |
Histogram equal

Mscale interpolate
Lens blur

Local laplacian
Matrix multiply |
Max filter |
Non-local means

Unsharp mask
VGG-16 evaluation |

Example voice over: “Our first question was about performance: how fast is the auto scheduler compared to experts? And we found out that it’s quite good. This figure plots the performance of the

autoscheduler compared to that of expert code. So expert code is 1. Faster code is to the right. As you can see, the auto scheduler is within 10% of the performance of the experts in many cases, and always

within a factor of 2. Stanford (348K, Spring 2026



Tip9

In the results section:
One point per slide!
One point per slide!
One point per slide!

(and the point is the title of the slide!!!)



m Make the point of the graph the slide’s title:

- It provides audience context for interpreting the graph (“Let me see if | can verify that point in the graph
to check my understanding”)
- Another example of the “audience prefers not to think” principle

Scanner scales when processing large datasets

Throughput when processing large datasets
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Another example:

The COMPONENTS renderer uses 2x less CPU time than
BASELINE VK

CPU Performance Comparison (single core)
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AAC-Fast produces BVHs with equal or lower
cost than the full sweep build in all cases

except Buddha.
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More examples

Extra shading occurs at merging window boundaries

1/2 pixel area triangles
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Bad examples of results slides

Results (ICache + RF) m Notice how you (as an audience member) are working hard
to interpret the trends in these graphs
O - You are asking: what do these results say?
- - 4— ' - What am | supposed to be concluding?

m The audience just wants to be told what to look for!
- They are reading the graphs to verify the main point,
not determine the main point.

Results
20 I

Hairball Sibenik Vegetation

Simulation Results : RGS

® RGS Performance

< 147-198 Mray/sec ~—TiledDeferred
<+ Texture cache concerns : Mip-mapping & Compression ~—ClusteredForward
- 15 ~—ClusteredDeferred N

Ray Cache hit rate (%) | Bandwidth |Performance %

Test scene | type Texture Data (GB/s) | (Mrays/sec) E

Sibenik Primary - 96.76 0.5 182.11 o

(80K tri.) FSR - 91.24 1.9 172.25

Fairy Primary 93.25 06.87 0.8 175.66

(179K tri.) | FSR 81.49 94.91 1.9 147.45

Ferrari Primary 86.12 98.09 0.6 183.28

(210K tri.) | FSR 75.95 95.71 2.0 163.67

Conference | Primary - 08.44 0.2 198.32

(282K tr1.) | FSR - 95.72 0.8 158.79
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Tip 10

Titles matter

If you read the titles of your talk all the way through, it should be a
great summary of the talk.

(basically, this is “one-point-per-slide” for the whole talk)
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Examples of descriptive slide titles

GPUs shade quad fragments (2x2 pixel blocks) Greedy SRDH build optimizes over

SrreCEE et partitions and traversal policies

SAH:

(QWJNﬂ forall (partitions in set-of-partitions)
..evaluate SAH and pick min..

SRDH:
forall (partitions in set-of-partitions)
forall (traversalKernels in set-of-kernels)
..avaluate SRDH and pick min.

(s10,%10) (s11,t11)
SRDH(R,L,x,r)=(1- x(r)H(L,r))|R|+(1- x(r)H(R,r))|L|
use differences between neighboring
texture coordinates to estimate derivatives

AAC IS AN APPROXIMATION TO THE TRUE . . . . .
AGGLOMERATIVE CLUSTERING SOLUTION. The reason for meaningful slide titles is convenience and

clarity for the audience

Computation graph: Primitive partitioning:

L “Why is the speaker telling me this again?”
DD[]
(Recall “why before what”)
@ @ ED A
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Redudng Shading on GPUs
using Quad-Fragment Merging

Bapmon Fataaion  Bart Aleley Pat Hanovn
Sxema Seakn St pwed 2 wdad Banavy
lames Hegwrty Wi R Vark

T hat Laavr y [y

Herey Moreten
el

Surface derivatives are needed for texture filtering

Textwry detn

Pixeds at triangle beundaries are shaded multiple times

R e el

A urge g rait

Nerging quad fragments

heAvarger Todw avl guod P g s

H)Iregate coverage

e 1

A

Read your slide titles in thumbnail view

Do they make all the points of the story you are trying to tell?

High-reselution meshes are appeanng in games

GPUs shade quad fragments (252 pixel blacks)

Textwy dtn Cnet Migrew
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S inen e abes 1 0 et s A

Small triangles result in extra shading

e e e Vg

Nerging quad fragments
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Step 2
sanple shading irputs

Avoed merging acress discontinuities

Se b vangh Wang 4 g 01 ragman )

High-reselution meshes are appeanng in games

Shaded quad fragments

Goal:

Shade bigh-resshabian methes [ret mdrndusl tnimgles)
ppracredlely onoe per plesd

Approach:
Evolve GFUS quad Tragment shading systen
| Fromide smasth evalutian from states que)

Bl sowwe s smdros bdbn o Ll saheel Gabng Mewr bl maerd wpn babey

GPU pipeline: triangle cannectivity is knawn

Nerging quad fragments
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sample shadiag irpats

Conditions required to merge quad fragments

Same wreen locatioe
! Same udedaess [tnangles frent faong or hack facng)
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PROBLEM
Current GPUs shade small triangles mefficiently

Final puxel values

QUAD-FRAGMENT MERGING

Pipeline with quad-fragment mergng

Two key merging operatians
1 Mestifymg when quad fragmeats can be merged

! (anstracting a merged quad fagreent

Migh-freguency gesmetric detail may cause diasng
A N\Den AN
* Osr meaging rubes are dengned for res-bime performance
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Naulti-sample locations

Lample corwy vt malbap v bones pos peae [ Ves ey a et adgey
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[ —t—

Pipeline with quad-fragment merging
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Pixeds at triangle beundaries are shaded multiple times

R el T )

Two key merging operatians
deetifying when quad fragmeats can be merged

! (aastrecting a merged qead fnagreent

Example: surface with a silhauette

EVALUATION
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Tip 11

Practice the presentation
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Practice the presentation

m Given the time constraints, you'll need to be smooth to say everything you want to say
m To be smooth you'll have to practice

m Rehearse your presentation several times the night before (in front of a partner or friend)

- It's only a short presentation, so a couple of practice runs are possible in a small amount of time
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