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Collaborative and collective learning on connected systems

Embedded AI = Embedded Systems + Artificial Intelligence (AI)

Pervasive, Scalable, and Everywhere AI

•
•
•

•
•

•
•
•
•

Homepage: https://sites.google.com/view/embeddedai/home

Seulki Lee
CSE/AIGS
UNIST
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97%

3%

COMPUTING DEVICES (2015)
Embedded Devices Desktops & Laptops

98%

2%

DATA GENERATION (2019)
Embedded Devices Desktops & Laptops

49.3
Billion

1.4
Billion

20.6
Zettabyte

850
Zettabyte

[The McClean Report, 2015] [Gartner, 2019]
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2000 2010

32-bit
Architecture

Multicore
Processors

2015 2017

Deep Inference
on Mobile Phones

Neural ASICs,
Embedded GPUs,

and TPUs

2020

Deep Inference
on Microcontroller
(TensorFlow Lite)

2025

On-Device
Deep Inference

and Training

Deep Neural Networks (DNNs)

…
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•

Limited Availability

Compute-Intensive (GPUs)

Today’s AI (Not Scalable)

Data-Hungry

Tomorrow’s AI (Pervasive)

Available Everywhere

Needs 
To

evolve!
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•

Embedded Systems

Low 
Latency

Privacy
and Security

Adaptability

Battery
Life

Deep Neural Networks

Cloud Sever

+ Embedded Deep Intelligence

No or minimum communication

Intelligent Tasks
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[Spherical Insights, 2023] [Precedent Research, 2024][[[SSSSSSppppppppphhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrriiiiiiiiiiiiiiiiiiiiiiiiiiccccccccccccccccccccccccccaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaallllllllll IIIIIIIIIInnnnnnnnnnnnnsssssssssssssssiiiiiiiiiiiiiiiiiiiiiiiiiiggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggghhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhtttttttttttttttttsssssssssssssssssssssssss,,,,,,,,,,,,, 22222222222222222222222222200000000000000000000000002222222222222233] [Precedent Research, 2024]
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Embedded AI

+

Limited energy 

Low-Computing
Capability

Small
Memory

Real-time Constraint

Limited Data

Programmability
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•

•

A bunch of
H100 GPUs

Sora running on a datacenter OK Sora running in your palm ??

iPhone 15 Pro
(143x slower processor
14x smaller memory)
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Prompt:
“A beautiful waterfall”

iPhone 15 Pro
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•

Forward (noising)
and 

reverse (denoising) process
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•
•
•

The number of executions (iterations) of each model component (i.e., T5, STDiT, 
and VAE) in Open- Sora and their total latencies on iPhone 15 Pro.

…

Several tens or hundreds of denoising steps are required to generate videos
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•
•

Computation grows 
quadratically, i.e. ( )

STDiT

Existing token merging methods 
only apply to self-attention,

not cross-attention
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•
•

•
•

The memory requirements of model components required for video 
generation: T5 (18.00 GB), STDiT (4.50 GB), and VAE (0.82 GB), whic
h exceeds the available memory capacity of iPhone 15 Pro (3.3 GB). iPhone 15 Pro (3.3 GB)
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•
•

(a) Rectified Flow with full =30 denoising steps, generating intact and complete video data
(b) Rectified Flow with +1=16 denoising steps without applying Linear Proportional Leap, generating low-quality video data
(c) Linear Proportional Leap with +1=15+1 denoising steps, producing video data nearly equivalent to (a).
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•
•

Two consecutive tokens are merged along the temporal di
mension and subsequently unmerged after processing.
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•

•

•

Concurrent Inference (CI):
To minimize the increase in model inference latency caused 
by sequential block loading and execution, it leverages both 
the CPU and GPU for parallel block loading and execution.

Dynamic Loading (DL):
Maintains a subset of model blocks in memory without unlo
ading them, dynamically determined based on the device’s a

vailable memory at runtime.
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•
•

The video quality and generation speedup under different settings of LPL (Linear Proportional Leap).

The video quality and speedup under different merging steps of TDTM (Temporal Dimension Token Merging).
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•

A visual comparison of videos generated by On-device Sora and Open-Sora, evaluated using VBench.
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