AMCC 5160 *+ LECTURE 07 - 13 OCTOBER 2026

Study transcript

English narration with Chinese companion explanations (FSCiHHi).

1. What's New in Al Motion

Good evening, everyone, and welcome to Week 7. Last week Yaofu showed us how quantization makes models run faster on smaller machines.
Tonight is different from every other lecture so far. There is no taxonomy and no list of techniques. Instead | will tell you four stories, all of which
happened between March and September of this year, and every one of them is about motion: how long a generated video can move, who
decides how it moves, whether that motion can leave the screen, and what happens when the tool you used to make it disappears. Each story
comes with a demo and a question for you to argue about.
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2. Four stories from this year

Here is the map for tonight. Story one: the five-second clip is over. The leading models now generate thirty seconds in one pass, and a research
model generates a full minute faster than you can watch it. Story two: music becomes the choreographer. In July, Alibaba released an open
model that turns a song and one photo into a minute of dance. Story three: motion leaves the screen. In June, a Korean robotics company taught
a humanoid robot a viral K-pop dance using only phone video. Story four: Sora is gone. OpenAl closed the Sora app in April and switched off the
API three weeks ago. Between stories two and three we'll have student presentations and a break, and we'll end with a debate.
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3. Where we've been: six weeks in one slide

Before the new material, a thirty-second recap, because tonight connects to almost everything we've done. In Week 1 we went from neurons to a
full Al filmmaking workflow. Weeks 2 and 3 opened up editing and the generator itself: seeds, guidance and why a model produces what it
produces. Week 4 was video and art filmmaking. Week 5 asked who owns a model you adapt. And last week Yaofu showed how quantization
makes models faster and cheaper. Tonight's four stories pull on three of those threads at once: how long a video can be, how fast it can be made,
and who gets credit for what it shows.
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4. How many shots is this?

Let's start with a clip. This is the hero video on ByteDance's official Seedance 2.5 page. Watch it once, and count the cuts. Then tell me: how many
times do you think the model was run to make it? Take a guess with your neighbour. [Play the video.] The answer is: the model is built to make up
to thirty seconds in a single generation, with camera moves and blocking inside it. A year ago, anything like this was ten or more separate five-
second clips stitched together by an editor. Keep that number, thirty seconds, in your head. It is the first story.
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5. How top courses treat what's new

Why teach the news? Because the best courses do. Stanford's CS348K this spring, taught by Kayvon Fatahalian, gave a whole lecture to how
distillation and caching made autoregressive video models run in real time, and brought in guests from WorldLabs, Roblox and NVIDIA. Jun-Yan
Zhu's CMU course put a fast video paper from the same year on its reading list, and ended with forensics and data attribution. MIT's architecture
course last fall listed Sora as the video tool in its syllabus, which matters for story four. And Holly Willis at USC pairs every tool with the
controversy around it, which is exactly what our 'for the room' questions do tonight.
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6. The 5-second clip is over

Story one. For most of the last two years, an Al video was about five seconds long. That limit shaped everything: how people wrote prompts, how
they edited, even what kinds of films they made. This year the limit broke.
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7. The unit of Al video is now the scene

Here is the change in four numbers. In 2024, a typical clip was about five seconds. Early this year, ByteDance's Seedance 2.0 got to about fifteen.
By this summer, three commercial models, Seedance 2.5, Alibaba's Wan 3.0 and Kuaishou's Kling 4.0, were announced or released at thirty
seconds in one pass. And a research model from Peking University and ByteDance, called Helios, makes about a minute, and it makes it faster
than real time. Thirty seconds is long enough for a whole scene: an entrance, an exchange, an exit. So the unit of Al video is no longer the shot. It
is the scene.
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8. Who shipped what

Who shipped what. ByteDance launched Seedance 2.5 on July 31st; its official page says it is built for thirty-second storytelling, with camera
movement and performance blocking. Alibaba opened a public beta of Wan 3.0 in August, at thirty-second clips, but with no open weights this
time. Kuaishou opened early access to Kling 4.0 Flash on September 28th, at twenty seconds and 720p, and has announced the full model for this
month. And Helios, from Peking University and ByteDance, came out in March as open weights. One caution: vendors publish few specs, so some
of these numbers come from reviewers. Treat them as this month's numbers, not as facts that will last.
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9. Why five seconds was the limit

Why was five seconds the wall for so long? Three reasons. First, frames: at twenty-four frames per second, five seconds is a hundred and twenty
frames; thirty seconds is seven hundred and twenty, six times as many. Second, attention. Remember from Week 3 that a transformer compares
every piece of the video with every other piece. Six times the pieces means roughly thirty-six times the comparisons. That is a rule of thumb, and
real systems use many tricks, but it explains why length was expensive. Third, errors pile up: the longer the video, the more chances for a small
mistake to grow.
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10. Two ways to make a long video

There are two broad ways to make a long video. One is all at once: the model denoises every frame of the clip together, which keeps the clip
consistent but gets expensive fast, and you wait until the whole thing is done. The other is forward in time, called autoregressive: the model
writes the next chunk based on the chunks before it, exactly as a language model writes the next word. That lets you stream video and even run
in real time, but it has to fight drift, because any error is carried forward. Helios is the second kind.
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11. Under the hood: where top courses teach this

Now we go under the hood for about ten minutes. Everything in this technical section is taught at top universities this year, so here is where you
can go deeper. MIT's 6.5184 builds a latent diffusion model from scratch with flow matching, and ends with a case study of large video
generators. Stanford's CS348K had a lecture this May called 'Performance optimizations for autoregressive video models', covering distillation
and KV caching. CMU's 16-726 reading list runs from Video Textures to CausVid, plus the distillation papers. And Stanford's CS231n now opens
with generative and interactive visual intelligence. I'll take one idea from each.
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12. Under the hood: from pixels to tokens

Firstidea, from MIT's course: video models don't see pixels, they see tokens. Take a 720p frame: about nine hundred thousand pixels. A video
autoencoder, here Alibaba's Wan-VAE, compresses four times in time and eight by eight in space. Then the transformer cuts that latent into two-
by-two patches. Do the arithmetic: 1280 divided by 16 is 80, 720 divided by 16 is 45, so 3,600 tokens per latent frame. Five seconds at 24 frames
per second is 120 frames, about 30 latent frames, so roughly a hundred and eight thousand tokens. Thirty seconds is about six hundred and fifty
thousand. That number is the whole story of why long video was hard.
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13. Under the hood: why length is expensive

Second idea: why length is expensive. Full self-attention compares every token with every other token, so the cost grows with N squared. For five
seconds, a hundred and eight thousand squared is about twelve billion pairs per layer. For thirty seconds, six hundred and fifty thousand squared
is about four hundred billion. Six times the length, about thirty-six times the attention work. Real systems cheat this with windowed or sparse
attention, caching and compression, and that cheating is exactly what made thirty seconds and real-time minutes possible this year.
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14. Under the hood: diffusion and flow matching

Third idea, in one slide. Diffusion starts from noise and removes a little at each step; the network learns to predict the noise. Flow matching,
which MIT's 6.5184 teaches from first principles, learns a velocity instead: at any point between noise and data, which way should | move? If
those paths are straight, you need fewer steps. Most of this year's video models use a flow-matching backbone. And the guidance scale you
played with in Week 3 works the same way in both.
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15. Under the hood: the KV cache

Fourth idea: the KV cache, which is why autoregressive video can stream. When the model generates the first chunk, it stores the keys and values
from every attention layer. The next chunk attends to that cache instead of recomputing the whole past. If you keep the cache bounded, or
compress it as Helios does, the cost of each new chunk stays roughly flat no matter how long the video gets. And frames can leave the model as
they're made, so you can watch, or steer, while it generates. It's the same trick that makes chatbots type quickly, and it's the core of Stanford's
May lecture.
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16. Helios: a minute of video, in real time

Helios is the most surprising of these, because it is a research release with open weights. It is a fourteen-billion-parameter autoregressive model,
which means it writes the video forward in time, one chunk after another, like a language model writes words. It makes about a minute per
generation, and it runs at about nineteen and a half frames per second on a single H100 GPU. Films play at twenty-four, so that is close to
watching it be made live. [Play the feature video.] Then open the project page and scroll to the long-video comparisons and the 'verify
consistency' section, where a subject leaves the frame and comes back still the same.
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17. How Helios gets its speed

How is a fourteen-billion-parameter model this fast? Four ideas, all in the paper. First, it remembers less, but smartly: it compresses the history it
carries forward, so each new chunk doesn't have to re-read the whole past. Second, the team reports that each step costs about as much as a
1.3-billion-parameter model, ten times smaller. Third, a distilled version uses just three denoising steps instead of dozens, which is last week's
theme again: the same model, less work. And fourth, it is lean to train: up to four of these models fit in eighty gigabytes of GPU memory. [Play the
inference speed video on the project page.]
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18. Under the hood: distillation, from 50 steps to 3

How do you go from fifty steps to three? Distillation. You keep the slow, high-quality model as a teacher, and train a student to jump straight to
where the teacher would end up. Two families of methods appear on CMU's reading list: consistency models, and distribution matching
distillation, or DMD. Helios's distilled version uses three steps. Connect this to last week: Yaofu's quantization makes each step cheaper;
distillation means taking fewer steps. Real-time systems use both.
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19. Under the hood: a real-time budget

Put it together as a budget. At twenty-four frames per second, you have about forty-two milliseconds per frame. Helios at 19.5 frames per second



is spending about fifty-one. To hit a deadline like that, you have four levers. Fewer steps, through distillation. Cheaper steps, through
quantization, which was last week. Less context, through caching, compressed history and sparse attention. And smaller token counts, through
stronger compression. Every real-time video system you'll see this year pulls some combination of these four levers.
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20. Why long video falls apart: drift

Why was the limit five seconds for so long? Because of drift. When a model writes video forward in time, every chunk is built on the one before it.
A small mistake in second one, a slightly wrong shade of a jacket, gets copied and amplified. By second sixty the face, the clothes and the room
have quietly changed. Earlier systems added tricks at playback time to fight this. The Helios team did something simpler to explain: during
training, they deliberately showed the model drifted video, so it learns to pullitself back. It's like training a tightrope walker by pushing them off
balance on purpose. Stanford's CS348K made the same point this spring: real-time video came from training choices and caching, not only from
bigger GPUs.
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21. Under the hood: the train-test gap

Here is the technical name for drift: the train-test gap, or exposure bias. With teacher forcing, the model learns each chunk from perfect, real
previous frames. But when you use it, it only has its own imperfect frames, so it's always slightly out of its comfort zone, and errors compound.
The field has attacked this in steps. Diffusion Forcing in 2024 trained with different noise levels on different frames. In 2025, CausVid distilled a
fast causal generator, and Self Forcing, from Adobe and UT Austin, trained the model on its own rolled-out frames using the KV cache. Helios this
year simulates drift directly in training. Four papers, one problem.
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22. Test it yourself: does she come back the same?

Here is the test | want you to apply to any long video: when something leaves the frame and comes back, is it still the same? On the Helios page
there's a section called 'Verify Consistency' that does exactly this. [Play one.] Then scroll to the interactive showcases, where the text prompt
changes while the video keeps going. That second one is the start of something new: a video you can steer while it plays.
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23. Real time changes what video is

Why does real time matter so much? Because it changes what video is. If frames arrive faster than you can watch them, you're no longer watching
afile. You can steer it while it plays, like a game. Stanford's CS348K gave a whole lecture this May on how distillation and caching made this
possible. And this is where we're heading in Week 10, on November 3rd, when we look at interactive world models and explorable art. Keep
Helios in mind until then.
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24, The long take is an old dream

None of this is new as a dream. Filmmakers have chased the long take for decades. In 1948 Hitchcock made Rope from a handful of very long
takes and hid the cuts. In 2002 Alexander Sokurov's Russian Ark was filmed as a single continuous take of about ninety minutes, through the
Hermitage museum. In 2019 Sam Mendes's 1917 was built to look like one continuous shot. Each of those took months of rehearsal and
choreography of camera and actors. What changes in 2026 is who can attempt one, and how cheaply you can fail and try again.
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25. What 30 seconds unlocks: blocking

So what does thirty seconds unlock in practice? The vocabulary on ByteDance's official Seedance 2.5 page is revealing: performance blocking
and camera movement. Blocking is a theatre word for where actors stand and move through a whole scene. You can't block a three-second
gesture; you can block thirty seconds. The page also lists green-screen editing and what it calls white-model control, which means you bring a
rough, untextured version of your scene to steer the result. And you can extend a generation twice. Notice that the language has moved from
prompting to directing.
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26. Useful: a beat sheet for a 30-second generation

Something practical you can use this week. Thirty seconds is long enough that you need structure, so here is a simple beat sheet. Zero to five
seconds: establish where we are and who is here, one clear image. Five to fifteen: develop one action and one camera move, and describe them
in the order they happen. Fifteen to twenty-five: a turn, something changes. Twenty-five to thirty: land it, hold or exit, so the shot can be cut into
a longer film. It's a starting template, not a rule. The key habit is to write your prompt in time order, with one subject and one camera idea.
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27. If one generation is a whole 30-second scene, what is the director's job now?

For the room. If one generation is a whole thirty-second scene, what is the director's job now? Is it writing, blocking, choosing? And what did the
editor just lose? Editors used to make meaning from cuts between short clips. Talk to your neighbour for two minutes, then I'll take three
answers.
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28. Music becomes the choreographer

Story two. Choreographers have always started from music. This summer, a model did too.
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29. Al dance has a short, fast history

Al dance has a short but fast history. In 2019, Everybody Dance Now from Berkeley transferred one dancer's moves onto another person: motion
copied, notinvented. In 2021, Google's Al Choreographer generated 3D dance motion from music, trained on a large dataset of real dancers
called AIST++. In 2023, EDGE from Stanford made that motion editable: you could pin a pose and let the model fill in the rest. And this July, Wan-
Dancer went straight from music and a photo to finished video. Each step moved one stage closer to the final image.
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30. Under the hood: where dance models learn

Where do dance models learn? Google's AIST++ dataset from 2021 is the classic: five point two hours of 3D dance, fourteen hundred sequences,
ten genres, filmed from nine cameras. It's small, clean and labelled, which is perfect for skeleton models. Pixel models like Wan-Dancer need far
more video, so they build on a large video foundation model trained on web-scale data. Web video is huge and varied but noisy, with no 3D and,
often, unclear consent. Keep that trade-off in mind for the choreographer question.
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31. Wan-Dancer: song in, dance out

Wan-Dancer was released on July 13th by Tongyi Lab, the Alibaba team behind the Wan video models, as open weights under the Apache license.
You give it three things: a music track, one photo of the dancer, and a style word. It gives you a dance video longer than a minute, at 720p and
thirty frames per second, that hits the beat. It knows five styles: Chinese classical, K-pop, street, tap and Latin. [Open the project page and play
one Chinese classical and one tap example.] Watch the feet in the tap example. The model has to land the taps on the drum hits.
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32. Skeleton then, pixels now

Here is the real change. Earlier systems like Al Choreographer and EDGE output a skeleton: 3D joint positions over time. That's very useful for
games and animation, but you still need a character, a costume, lighting and a renderer before anyone sees a dance. Wan-Dancer outputs the
finished image: the look, the light and the camera all come from the model. It's much faster to try ideas, but harder to edit afterwards, because
there is no skeleton to adjust. Which one you want depends on your project.
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33. One dancer, many looks; one song, many dancers



These are reference images from the project page: one person, seven outfits. Because the look comes from the photo and the movement comes
from the music, you can swap either one. Same song, different photo: the same dance, performed by a different dancer. Same photo, different
song: the same dancer, a new dance. Scroll down to section six on the project page, where they compare with an earlier model called X-Dancer.
Earlier music-to-dance models tended to fall apart after about twenty seconds; this one holds together for the whole track.
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34. The trick: plan the song, then the steps

Here is the one idea worth remembering from the paper. Wan-Dancer works at two levels. The global level looks at the whole song and plans its
shape: the intro, the verse, the build, the chorus, the outro. The local level then renders the actual steps for each passage, beat by beat. That is
exactly how a human choreographer works. Nobody choreographs a three-minute piece one eight-count at a time without first knowing where
the big moment is. The model learned to plan before it moves, and that is why it stays coherent for a minute.
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35. Under the hood: two ways to stay coherent for a minute

Compare the two minute-long systems we've seen tonight. Helios goes one chunk at a time, each conditioned on a compressed past. That's great
for open-ended, interactive video, but nothing plans the ending; structure just emerges. Wan-Dancer plans then renders: a global model handles
the long-range structure and local models fill in the detail. That works when the structure is known in advance, and a song is a structure known in
advance. Writers know this choice too: write word by word, or outline first. Music gives Wan-Dancer the outline for free.
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36. What the model has to hear

To dance to music, a model has to hear four things. The beat: where the accents fall, because a step or a tap has to land on them. The tempo:
how fast the beats come; the same move reads very differently at ninety and at a hundred and forty beats per minute. Phrases and sections:
dancers count in eights, and songs have verses and choruses, so a movement idea needs a beginning and an end. And energy: when the music is
quiet and sparse, and when it explodes. Watch the examples again with these four in mind.
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37. Under the hood: how a model hears music

How does a model actually hear music? Four steps. The raw waveform is tens of thousands of numbers per second. A spectrogram turns it into
energy per frequency over time, and onsets and beats become visible as vertical stripes. From that you compute features: simple beat and onset
curves, or embeddings from a pretrained music model; EDGE used Jukebox for this. Finally, the video model uses cross-attention: each video
frame looks at the music features at the same moment. It's the same conditioning idea as text prompts in Weeks 2 and 3, except the condition is
aligned in time.
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38. Under the hood: beats and frames

Some arithmetic that explains the tap result. At a hundred and twenty beats per minute, there's a beat every half second. At thirty frames per
second, that's fifteen frames between beats. Tap dancers often hit eighth notes, every seven and a half frames, and each frame is about thirty-
three milliseconds. So for a tap step to look right, the foot has to land within a couple of frames of the sound. That's why tap is the hardest of the
five styles, and the best test.
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39. Five styles, five tests

The project page shows five styles, and each one is a different test. Chinese classical dance tests flow: does the movement stay continuous
through a phrase? K-pop tests precision: are the hits sharp and exactly on the beat? Street dance tests groove: does the body bounce with the
rhythm, or just strike poses? Tap tests sound: do the feet land where you hear the taps? Latin tests whether the movement is driven from the hips
and core. [Play one of each.] Then tell me which style you think the model handles worst, and why.

EMNE, EMOL: HHREERY. K-popBiEEFa. HEEED. BRESHMTHNAES. R THER LR, BEHEEMHXIERSS.



40. Machines in choreography are not new

Choreographers have invited machines into the studio for a long time. Merce Cunningham used chance procedures, like tossing coins, to decide
the order of movements, so that his own habits wouldn't decide everything. In 1991 he premiered Trackers, the first dance he made partly with
LifeForms, an early computer program for animating figures. And in 2019, Wayne McGregor worked with Google on Living Archive, an Al tool
trained on twenty-five years of his company's videos that suggests the next phrase. His dancers didn't copy it; they translated it through their
own bodies. The question isn't whether machines belong in choreography. It's what role they play.

MERHNGREEH TIREE . BREN - TN DENETEREMIEINT; 1991F8 (Trackers) 2fthE MR EBILifeFormsEBRAR A EITERIER;
2019FFR - EREFXSBMEENLiving ArchiveREBINT—1M 540, FERSEMUEL.

41. Limits to keep in mind

Four limits to keep in mind. Hardware: the weights are open, but this is not a laptop model; its release materials point to datacenter-class GPUs.
One photo: everything the photo doesn't show, like the back of the costume, is invented. Whose moves: as viewers, we cannot check whose
dances were in the training videos, which matters for the question we'll ask in a moment. And music has rights: the song driving your dance is
someone else's work, so credit it and check the licence before you publish.

POANIRE . BEHERE BIERORGPU) ; SMIRRE—KERA, ERINBOMREN; UATESIENIFIIIERENE, SREMIN, KHH
BEERHIINRI

42. Pitch a one-take

Your turn. In pairs, five minutes. Pitch a thirty-second, single-generation dance piece. You get three things only: one song, and say why that song;
one photo, so who or what is dancing, and it doesn't have to be a person; and one sentence describing what happens in those thirty seconds.
Then I'll ask three pairs to read theirs aloud. Keep your pitch, because it could become your Assignment 2.

REMRIT: WA—A, Ao, HRE—1300. —REMNEEER. RE=H. —8R (RBEEH) . —KRA GERAAER, F—EZA) .
—miE (X3MEBRETHA) . ZEBE=ZADZ. REMFEOWE, EFEERAFL .

43. Who is the choreographer here?

For the room: who is the choreographer of a Wan-Dancer video? The musician, whose song shaped every move? The model and its builders? The
thousands of dancers whose videos taught it what K-pop looks like? Or you, the person who picked the song and the photo? Hands up for each.
Remember Lecture 5's question, whose model is it. This is the same question, for the body.

WiE: Wan-DancerflSTHmERH? BERA. BEREFRE. IIAHEERT EANEES, CERERMMNBLENM? XZ2EEH REUBET
W RETE SR EAYRESR,

44, Motion leaves the screen

Welcome back from the break. Story three. So far every dance tonight lived on a screen. This one doesn't.

WA BER, F=1E: NENAENEERTERREL, X—1 T2,

45, Robots have danced before

Robots have danced before, so what's new? In the 2000s, Japanese researchers taught the humanoid HRP-2 a traditional folk dance, but they
needed motion capture of human dancers in a studio. In December 2020, Boston Dynamics' 'Do You Love Me?' video went viral, but that routine
was carefully authored by engineers. What's new this June is the input: an ordinary phone video, the kind millions of people post every day. The
studio and the engineer have been replaced by a video file.

MR ALFEBOS$E: 2000 KHRP-2EI NEBIRF 2 AARIEISE; 2020128 K L5/ (Do You Love Me?) BITRIMFIHHR. SHE6BM
WEETEAN TRFI.

46. A humanoid learns a K-pop challenge from phone video

In June, the Korean company ROBOTIS posted this video of its open-source humanoid, Al Sapiens, dancing the CORTIS 'REDRED' challenge, a
viral K-pop routine. The robot is about 1.3 metres tall, weighs 34 kilograms, and has 23 joints. The remarkable part is not the hardware. It is that
the robot learned the dance from ordinary two-dimensional video, the kind anyone films on a phone, with no motion-capture studio and no
markers on a dancer's body. [Play the video.]

68, FEROBOTISAT T FHREAFANZEAAI SapiensBECORTIS (REDRED) #k&iHIISH, MESALLIKE. 34AF. 23MNKT, XBEREES, M
HERMNEB_HMMBFESN, FNEEEHIEMR.

47. Four steps from phone to robot

How does a phone video become a robot's dance? Four steps. First, film a dancer. Second, lift the motion: recover the three-dimensional joint



movement from the flat video, the same pose estimation you've seen behind character animation tools. Third, practise: a copy of the robot
learns the dance in simulation, in NVIDIA's Isaac Sim, with reinforcement learning fixing balance and timing, because a robot that copies a
human's pose exactly will fall over. Fourth, transfer the learned skill to the real robot. ROBOTIS says its actuators were designed to make that last
step, from simulation to reality, smaller.

FHAMTINFE LRI R ABIEREE? WY —. HTEE;, —. NZHMIPMEZ®XTEs (EXMIT) ; = AHEPARKFIES, BEFE
51%, RATSRIANZSSEE; M. BFRNKETBIRINEA L.

48. Under the hood: 3D motion from one camera

Step two in more detail: how do you get 3D motion from a single phone camera? First, find 2D keypoints in each frame: wrists, knees, ankles; that
part is mature and fast. Then lift to 3D by fitting a body model, usually SMPL, which has twenty-four joints, so that the 2D points make sense as a
3D body. The hard parts: depth is ambiguous from one camera, fast motion blurs, which is exactly what the Lleida study saw with sudden arm
moves, and if ground contact is wrong, the feet slide. Remember foot sliding; it comes back in Week 9's evaluation lecture.

BANFAIRKMFSEI3DENE: KRNEMBI2DXER; BIMSAPFRE (MISMPL, 240XT5) FALEI3D, MR BERELX. REDERME.
HWEIERRAES S,

49. Why not just copy the pose?

Why not just copy the dancer's pose onto the robot, frame by frame? Three reasons. A different body: the robot is 1.3 metres tall with 23 joints,
and its limbs don't match a human's proportions. Speed limits: motors can't accelerate like muscles. A 2025 study from Lleida that copied a
dancer's arm movements onto a humanoid found the robot could reproduce the moves but couldn't keep up with the rhythm. And balance:
humans shift their weight without thinking, and a robot that copies a pose exactly simply falls over. That is why step three, practice in simulation,
matters.

A ATREEERYES? — SRR (13K, 231X ; = EERE: 2025F TR AINBAERGEEFENE, BRFLTS;
=, Ty RUESZEE,

50. Under the hood: retargeting

Getting from the human skeleton to the robot is called retargeting. First, map the joints: the human body model has twenty-four, the robot has
twenty-three degrees of freedom, and they don't line up one-to-one, so some are dropped or merged. Second, scale and limit: rescale limb
lengths and clamp joint angles and speeds to what the motors can do. Third, fix the contacts with inverse kinematics, so feet land on the floor
and hands reach the right place. The output is a reference motion that the robot can at least try to follow.

MAGEBRENBAMAEER: — XPIRE (AF24XT, NRABEHE) ; = ERREHRGAESEE,; =. BEmFEEFIE.

51. Under the hood: learning to imitate

Then the robot learns to follow that reference with reinforcement learning. The policy is a neural network that reads the robot's state and
outputs motor commands many times a second. The reward says: match the reference, the joint angles, velocities, hand and foot positions and
the body's root. Plus penalties for falling, jerky motion and wasted energy, so it dances and survives. This recipe was set by a 2018 SIGGRAPH
paper called DeepMimic, and if you want the reinforcement learning underneath, Berkeley's CS 285 is the standard course.

AERARAFEININBARESENE. REMEZIURE. BHBNIES; KEREXTAE. BE. FHMUE; EEEMEE. DeepMimic
(SIGGRAPH 2018) BEETXEH %, A5RFICS 285 EEHARILF S,

52. The sim-to-real gap

Step three hides the hardest problem in robotics: the sim-to-real gap. The robot's digital twin practises in NVIDIA's Isaac Sim, where it can fall
thousands of times for free. But the simulation is never perfect: friction, motor delays and the way parts flex are all slightly different on a real
floor. ROBOTIS says it designed its actuators, the motors in each joint, so that simulated joints behave more like the real ones. And notice: a
simulator is a model of the world. In Week 10 we'll ask whether video generators can become that model.

B=LREENBAZRENRM: HEIMENERE, HFEEEIsaac SImBLS]), BEE. BHERES5HALHRRRE, ROBOTISHBRHMNITEE
GENXANER, (HHEBME M FURE,

53. Under the hood: domain randomization

One more technique closes the gap from the software side: domain randomization, popularized around 2017. In every practice run, the
simulation changes slightly: different friction, different masses, different motor delays, random pushes. A policy that survives a thousand slightly
wrong worlds tends to treat the real world as just one more. There's a nice parallel for dancers: rehearsing on different stages, floors and shoes is
domain randomization for humans.

RUEEEAENEENGE: SRt SRMETEINEER. RE. BYULRMINI, BE—TIREERNLREEFENHRE, SIEHLERY
ER—1. BFEEFRZES LHGthERE,



54. Why dance challenges are perfect training data

Why a K-pop dance challenge? Because dance challenges are almost perfect training data. They're short, a complete routine in fifteen to thirty
seconds. They're repeated: thousands of people film the same choreography, so there are many examples of one dance. They're on the beat, so
the music marks exactly when each move happens. And they're filmed full body, facing the camera, because they're made to be copied by
people. That makes them easy for machines to copy too. Think about what that means for the dancers who made them.

At AZK-poptii#E? AAENIFRTENIIGEE: 2 (15-30%) . E8 (RTLERAAHRE—XH) . RETHLE. 28EMNHEX. RARH
M, BEFHERR,

55. A thought experiment

Now a thought experiment. What if step one wasn't a phone video of a real dancer, but a Wan-Dancer video generated from a song? Song,
generated dancer, lifted motion, simulation practice, a real robot dancing a dance that no human ever performed. To be clear, this is speculation.
As far as public reports go, nobody has shown the whole chain working. But every piece of it now exists, and two of the pieces came out this
summer.

B WRB-PAZEAZENFIASM, MEWan-DancertRiE—EIEMBIIIR? Mei—EMHIEESREEF>HESSI>EESEA
BA—STMARB AT SR, XRBHEN, AFREPHLEATERLR, E5—HFHEET.

56. Video is becoming training data for bodies

Step back from dance for a moment. Video is becoming training data for bodies. For robots, human videos can teach skills without motion
capture: dance today, perhaps household tasks tomorrow. For world models, video generators that can predict what happens next may become
the simulators robots practise in, which is Week 10. And for you as artists: a dance video you post may now have two audiences, the people who
watch it and the machines that learn from it.

PSRETER A B EBGINISREEE: MEA, ASHBRTTIERMEERREE; MR, FNRRISTERSFATUE TR, MEAR, REHHSE
BEASIETRAEMAR . AFIHES,

57. If a generated video can teach a real body to move, is that video still “fake” ?

For the room. We usually call generated video 'fake'. But if a generated video can teach a real robot to move, is it still fake? And what is a dance
video for, once machines are its audience as well as people? Two minutes with your neighbour.

Wie: HNBREMRAZ BRI . BNREERASELVSEAMER, SERRMNIG? SHNBHLMANAR, FEMANENZEHA?

58. Sorais gone

Story four is shorter, and it's not about a new capability. It's about a loss.

BONRELRAE, ERRXTHEN, MEXTRE.

59. Eighteen months as a product

Sora became a product in December 2024. Sora 2 arrived on September 30th last year, with a social app. On March 24th this year, OpenAl
announced it was shutting Sora down. The app and website closed on April 26th, and on September 24th, three weeks ago, the APl was switched
off, with no replacement model named. OpenAl's help page told users to export their videos, because after the final window, the data would be
permanently deleted. OpenAl didn't give a single official reason; reporting points to the cost of compute and competition for chips. One of the
best-known video tools of 2025 lasted about eighteen months as a product.

SoraF2024F 128 A A= Mm; 202599830 Rt Sora 2R ; 202653824HERIFIE; 48260 ABMMIAXA; 9H24HAPIXA, REE
RIRE, ESRERFSHER, SUHIESRXARR. EARGHE—RRE, REEREIHAE,

60. Open or closed, this year

Let's sort this year's models by one question: could you still run it in five years? Helios and Wan-Dancer, and the Wan 2.2 family, are open weights:
you can download the files and keep them. If you keep a copy, you can run them in five years, as long as you can find the hardware. Seedance 2.5,
Wan 3.0 and Kling 4.0 are closed: you use them through an app or an API, so they exist only as long as the company keeps them running. And Sora
2is already gone. This isn't about which is better; closed models are often stronger. It's about what you depend on.

B— ML SENRE S AERTAEIETTE? Helios. Wan-DancerfllWan 222 FFRINGE, {R1FEIAREAE; Seedance 2.5, Wan 3.0fKling 4.0
EAR, BURFAT; Sora2B&KT. MFEFEER, XBEMKHMA.
61. Under the hood: can you run an open model?

Open weights only help if you can run them. Quick arithmetic: a fourteen-billion-parameter model, like Helios or Wan-Dancer, at sixteen bits is
two bytes per parameter, so twenty-eight gigabytes for the weights alone. At eight bits, fourteen. At four bits, seven. Activations, the VAE and the



text encoder need memory on top of that. This is why last week's quantization lecture matters for artists too: it's what makes keeping and
running open models practical on hardware you might actually have.

FRNEEREMERAEA: 1401ZSHIE160 MANEFME28GB, 8fiI14GB, 4fi7GB, BIMEAFRHE. VAENINAREDENETF. XS LAEWL
WEARBEENRER,

62. This has happened before: Flash

This has happened before. On December 31st, 2020, Adobe ended support for Flash Player, and two decades of web animation, games and net
art stopped playing in browsers. A lot of it was rescued by emulation: the Internet Archive keeps thousands of Flash works playable using an
emulator called Ruffle. And art institutions like Rhizome, whose ArtBase has collected born-digital art since 1999, show that preservation is a
practice someone has to choose. Your Al films are the next generation of this problem.

XMEUFIRED: 202012831 HAdobefZ1E3ZH5Flash, Z—+FHIMIENEFFER AR, EEMERERRIIERUfleRE T XEMER;
RhizomeBYArtBase B 1999 FHEWRMFREZ R, RIFR—THECIHIKE,

63. Last fall, a top syllabus was built on Sora

This is not someone else's problem. MIT's architecture course on motion graphics, last fall, listed Sora as the video tool in its syllabus. That was a
perfectly reasonable choice at the time. Twelve months later, a project made in that class cannot be re-run, re-edited or extended with the same
tool. If you made something with Sora last year, the same is true for you.

XAZANARRE, MITENAZFUENSERIRECSoraf NI T, SNxecE; —FE, RWIFNFRELTEZAE—TAEREMTE
E&O

64. Keep your sources, not just your outputs

So here is the useful lesson. Keep your sources, not just your outputs. Your prompts, word for word. Your seeds and settings. Your references:
images, clips, songs, with credit. Your raw generations, before editing. Your edit project files. And the model's name, version and the date you
used it. And notice one more thing: open-weight models like Wan 2.2, Helios and Wan-Dancer can be downloaded and run again years from now.
A closed app can be switched off.

ZBZ. RERME, MARZMm. SERERTIE. MFHSH. SZEH/S/TE CERHL) . REENRIGER. EIEXH, URE
B, RAMBH. FRERSERMNAET, ARNMANRTEER KA.

65. A project folder that survives

Here's a concrete template. One folder per project. AREADME with the model, the version, the date, your settings and one sentence on what you
were trying to do. A prompts folder, every prompt you kept, word for word, with its seed. A refs folder for images, clips and songs, with credits
and licences. A raw folder with unedited generations, including the interesting failures. And an edit folder with the editing project and the
exported master. It takes five minutes to set up. Use it for Assignment 2.

— P EMFER: SPHE XK, READMEGHER, hizs. BHEE. SHAEERE; promptsREFERFRTIAMNMT; refsiRFSZEZMREN;
rawfRTFREVERAER; editREFEIBIEMA. Fl —MARX T,

66. Useful: pin your versions

One more habit from software engineering. Pin your versions. Write the exact model ID, not just 'Wan': for example, Wan-Al slash Wan-Dancer-
14B. On Hugging Face, record the commit hash of the weights you downloaded, because the files under the same name can change. Keep the
licence file next to the weights; Apache 2.0 lets you keep and share them. And write down the settings: seed, steps, guidance, resolution and
frame rate. With those, someone can make your piece again in five years.

EERETIE: BIERE. B TEERID (JWan-Al/Wan-Dancer-14B) , iB8RHugging FacelNEMIRRMGH, IBIFRIERENES, HiZ T
F. T 51T, DHEMME,
67. What does an Al artwork need in order to outlive the tool that made it?

For the room. What does an Al artwork need in order to outlive the tool that made it? Compare it with a film, which survives its camera, or a video
game, which often doesn't survive its console. What makes the difference?

WL AIZARERBEMFAA BELLBMFENTREERER? Wibig (LEENERA) MBFiik (EEBINUER) .

68. Four stories, one line each

Let's pull it together before the debate. Story one: the unit of Al video moved from the shot to the scene, and toward real time. Story two: a song
and a photo now give you a minute of dance, planned the way a choreographer plans. Story three: phone video can teach a real robot to dance,
so video now has machine audiences. Story four: tools can vanish, so keep your sources and prefer what you can still run. Now let's argue.
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69. Debate

Debate time. The motion is: a generated dance that a robot can learn is a real dance. The left side of the room argues for, the right side against,
whatever you personally believe. Two speakers per side, one minute each, alternating. Use tonight's stories as evidence. Then everyone votes
with a show of hands, and we'll see if anyone changed their mind.

BHEI TS, B “MBARFSNEMSEEMEHEENSER, ” BEEMAES, &MARA, SARUASAZS—DH, BRES2HEEFRR,

70. Debate starters

If you're stuck, here are some starters. For the motion: choreography is a structure of movement in time, and the model really does plan one; a
real body performs it, with real risk; and dance has always borrowed from tools, from Cunningham's chance procedures to software to video.
Against: no one intended this dance; a model averaged thousands of other people's dances; the robot executes, it doesn't express; and without a
dancer's choice, it's motion, not dance. Use one example from tonight in your minute.

BHEIRT. IE7 . RESSDFENERNGNE, REBTEMY;, AXSFERER; BE—BEEPIE, kA REANZEE, R2FH7TIIANE;
MBARZHIT; REFENEERRAZHF.

71. Useful: try it this week

Here's what you can actually try this week. Helios has a public demo on Hugging Face; you only need a browser. Wan-Dancer has a demo on
ModelScope: bring a song you're allowed to use and one photo. Seedance 2.5 is available through ByteDance's apps and API; use the beat sheet
from earlier. And if you're curious about the robot side, ROBOTIS documents the Al Sapiens pipeline on its docs site. Whatever you try, start your
project folder before your first generation.

AERIUE: HeliostEHugging FaceE AFF&ET; Wan-DancerfEModelScopeEi&ER, HE—ER AR —KIEE; Seedance 2.5:&idF TR
FAFIAPIGEF, BZ&T5IAR; ROBOTISMAENAT Al Sapiensiitz. FIARISTEITFINE X 4%k,

72. This week

This week: three readings. For technique, the Helios paper; read the abstract and look at the figures. For art and technology, the Wan-Dancer
project page; watch three examples and decide which one you would call choreography. For culture, a short article on what happened to Sora. If
you want the technical side, there is an optional fourth reading: the Self Forcing paper, which goes with tonight’ s slides on the KV cache and the
train-test gap. Quiz 07 is online, with two technique questions, two art questions and one reflection, due with the others at the end of the
semester. Assignment 2 is due on October 31st. And next week, Lecture 8, we add sound: native audio-video, performance and real-time
characters.

KREAZRIAE: BARA——HeliosieX (EHE. BE) ; ZAS5HA——Wan-Dancerli BT (B=MiIF, HIEHNEESE) ; X——XTFSorafFic
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B\ RESTMIR. RESENAG,

73. Alldemo links in one place

This slide collects every demo link from tonight, so you can find them again after class. They are also on the course website, on the Lecture 7
page.

FULET SHAERTEER, REHrERREMGE CHTERE.

74. Music, minutes, and machines

To sum up tonight in one line: motion got longer, found a new choreographer, left the screen, and lost a tool. If you remember only one practical
thing, keep your sources. Thank you, and see you next week.

—HESE: BREKT. BTHNRESE. B TRES, WAET IR, IRREE—ME REFEGREME. 5, TAR.

Demo links

e Story 1: Seedance 2.5 official page — https://seed.bytedance.com/en/seedance2_5
e Story 1: Helios feature video (YouTube) — https://www.youtube.com/watch?v=vd_AgHtOUFQ
® Story 1: Helios project page — https://pku-yuangroup.github.io/Helios-Page

e Story 1: Self Forcin r (NeurlPS 2025) — https://arxiv.org/abs/2506.08009
e Story 2: Wan-Dancer project page — https://humanaigc.github.io/wan-dancer-project/

e Story 2: Wan-Dancer weights (Hugging Face) — https://huggingface.co/Wan-Al/Wan-Dancer-14B
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https://huggingface.co/Wan-AI/Wan-Dancer-14B

Story 2: Living Archive (Wayne McGregor) — https://waynemcgregor.com/productions/living-archive

Story 2: Wan-Dancer demo (ModelScope) — https://modelscope.ai/studios/Wan-Al/Wan-Dancer

Story 3: ROBOTIS: Learning from Videos (YouTube) — https://www.youtube.com/watch?v=NeL2BmgcFJs

Story 3: Al Sapiens documentation — https://docs.robotis.com/docs/systems/aisapiens/introduction/

Story 3: Study: robot arms copying a dancer — https://doaj.org/article/b55086ceb9bf4dd3b6b2893ef09cb7db

Story 4: OpenAl: Sora discontinuation — https://help.openai.com/en/articles/20001152-what-to-know-about-the-sora-discontinuation
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