WHITE PAPER: THE AT NANOFACTORY
PERVASIVE AT WITH AI DESIGN AUTOMATION

1) Introduction

In collaboration with eminent scientists from UC Berkeley, MIT, UC Davis, and UC San Diego, has
demonstrated the first-ever fully automated Al design pipeline capable of designing and deploying
specialized Al models, essential for the proliferation of intelligent applications. This white paper
provides an in-depth technical analysis of the Al Design Automation (ADA) architecture, exemplified
by an intricate smart kitchen model, showcasing the future of pervasive Al. The Al Nanofactory

represents a quantum leap in Al development, pushing forward the complexity and dynamism of
Edge Al.

Edge Al, particularly in its most extreme case on endpoint devices, represents a
largely untapped market. There exists a vast array of unmet Al demands within this sector.
Given the diversity of applications and the stringent resource limitations inherent in these



environments, traditional manual Al design approaches are insufficient to sustain the
required market growth. In this paper, we will explore recent advancements addressing this
challenge: the Al design automation pipeline.

2) Pervasive Al and the Challenges

The recent progress in foundational models and generative Al has captured global
attention and spurred a wave of innovative applications. Despite this, the penetration of Al
technology into broader society remains somewhat restricted. Aizip has embraced the
mission of catalyzing the future of pervasive Al. This journey is not without its challenges,
including data scarcity, the imperative of privacy protection, the need for resilient and
reliable operations, and the costs associated with design and deployment, among others.
Projections suggest that by 2030, the world will see over one trillion loT devices. To
efficiently develop Al models for this vast number of devices, the role of Al Design
Automation (ADA) becomes indispensable. Recent breakthroughs in foundational models
have revealed remarkable generalization capacities for a variety of tasks. Coupled with
advancements in efficient Al, which enables more extensive learning within resource
constraints, there is a unique opportunity. Our goal is to meld these two approaches:
utilizing large foundational models to guide the creation of compact, task-specific Al models
through an automated design pipeline. This strategy is aimed at enabling scalable Al
development and facilitating efficient Al deployment across myriad devices.

At Aizip, we have assembled an interdisciplinary team of researchers dedicated to
advancing a novel Al paradigm focused on automated, efficient Al model design. This Al
design automation pipeline, grounded in foundational models, leverages cutting-edge
techniques including unsupervised representation learning, generative models, transfer
learning, efficient neural architectures, neural architecture search, hardware-aware training,
and simZ2real testing. This approach enables the creation of a diverse array of efficient Al
models in a scalable manner. By integrating data-centric, model-centric, and system-centric
methodologies, we aim to achieve unparalleled efficiency across various Al applications.

3) Al Design Automation

To create an efficient Al model, it's crucial to embed the right knowledge within the
model, maximizing its capabilities within given constraints, such as size, memory, and
computing power. Achieving peak efficiency demands a synergistic blend of data-centric,

model-centric, and system-centric approaches. These tools, developed from each



methodology, must function in unison. At Aizip, we're crafting the Aizipline, a
comprehensive Al design automation pipeline. Our overarching vision for this Al design
automation is the establishment of an 'Al Nanofactory,' a concept where millions of
specialized, efficient Al models are produced with minimal human-in-the-loop, thereby
fueling the future of pervasive Al and Al engineering.

3.1 Data-Centric Design Tools

To optimally prepare data for our Al model design, we face two primary challenges:

the big data challenge and the small data challenge. The big data challenge involves
discerning the “right” data from vast datasets. In contrast, the small data challenge is about
synthesizing adequate data from limited sources. With the latest advancements in self-
supervised representation learning, we are now able to utilize foundation models, vector
databases, and auto labelers, significantly accelerating the data selection process.
Concurrently, advancements in generative modeling enable us to create various data
simulators, sim2real models, and generative models, effectively expanding our data resources
from limited datasets. These techniques are crucial in both the training and testing phases.
Additionally, to diagnose and refine Al models, we have developed an innovative Al

model debugger and real-world adversarial training techniques. Our data-centric design tools
are engineered to rapidly establish data pipelines with minimal human intervention for new
application designs. For existing applications, these pipelines can be easily adapted with
simple configuration adjustments. This approach streamlines the data preparation process,

ensuring efficient and effective Al model development.

3.2 Model-Centric Design Tools

Faced with the stringent resource constraints of end and edge devices, our approach

to neural network design prioritizes maximizing learning capacity within these limitations.
The process begins by identifying the “right” neural architecture spaces, which vary for
different modalities and tasks. At Aizip, we have developed an array of efficient neural
architecture spaces tailored to specific functions, including Zenet for ultra-efficient
denoising, BarrelNet for speaker identification, and PIMNet for process-in-memory

accelerators, among others.

Once a neural architecture space is defined, we employ scalable neural architecture
search (NAS) methods, like trainless NAS, to pinpoint the optimal network for a given
application. This selection process also incorporates hardware-related considerations,
ensuring optimal deployment performance. Additionally, we utilize a hardware-aware

quantization training tool to ensure robust quantization.



Our extensive collection of ultra-efficient neural architecture spaces, combined with
scalable NAS methods and advanced quantization training tools, enables Aizip to rapidly
develop efficient Al networks. This capability is crucial for addressing the diverse

requirements of new applications and customizations.

3.3 System-Centric Design Tools

To enable seamless deployment of efficient models, we have innovated flexible

compilation techniques at Aizip. These techniques adeptly transform model designs from a
variety of frameworks into ultra-efficient, deployable code. Further enhancing robustness
and efficiency, we draw upon proven strategies from electronic design automation (EDA)
and high-performance computing (HPC) realms, specifically rigorous verification and
profiling, and have crafted our toolchains to reflect these insights.

The stringent verification process we implement ensures both the robustness and the
correctness of the final model deployed. This step is crucial in maintaining the high
standards of our Al solutions. Parallel to this, our Al profiling tools are designed to rapidly
identify any potential system bottlenecks. This capability is vital for efficiently navigating the
optimization process that follows. Through these methodologies, we ensure that our models
are not just efficient and powerful, but also reliable and finely tuned for optimal performance

in various deployment environments.

3.4 Current Progress

The demonstration of our Al design automation's technical readiness is vividly

illustrated in our fully automated keyword spotting (KWS) design pipeline. This system

adeptly synthesizes diverse acoustic datasets, employing scalable neural architecture search in
ultra-efficient neural architecture spaces, thereby packing Al-generated knowledge into

highly efficient models. This achievement not only signifies maximal efficiency but also

marks a significant milestone in our technical advancement. For a range of applications,

from various object detection tasks to sound event detection, our ADA tools have

remarkably condensed specific design processes, slashing the total development cycle by 10x
to 30x.

At Aizip, we are not only expanding our design toolchains but also continuously

elevating our technical readiness. While current applications still require human-in-the-loop
(HIL) interventions, our ultimate goal is complete Al design automation (ADA). This aim
underscores our commitment to power the future of pervasive Al and automated Al
engineering.



4) Real-World Applications

The potential of pervasive Al in edge devices is boundless, encompassing a wide range of
applications. These can be broadly categorized into three sectors:



Consumer Market

Consumer includes applications in smart homes, healthcare, wearables and hearables,
educational toys, and in-cabin monitoring for automobiles.

By generating specialized Al models, the Nanofactory could produce adaptive noise-cancellation
algorithms tailored to the unique auditory profile of each user. Leveraging vast datasets of
environmental sounds and speech patterns, the Al could design models that filter out
background noise while enhancing speech clarity, all in real-time. Furthermore, the Nanofactory
could enable the development of predictive maintenance Al that anticipates and mitigates
potential device failures before they occur, significantly improving user experience. The Al models
could also facilitate a new generation of hearing aids that seamlessly adjust to different acoustic
environments, learning from user preferences and auditory challenges to provide a personalized
hearing experience. By producing these sophisticated models at scale, the Al Nanofactory
promises to make advanced hearing aids more accessible, affordable, and effective, thereby
enriching the quality of life for individuals with hearing impairments.




Enterprise Market

In manufacturing, Al models meticulously crafted by the Nanofactory could dramatically enhance
defect detection systems, using advanced computer vision to identify and classify anomalies with
unprecedented accuracy and speed. For preventive maintenance, the Al would analyze patterns
from sensor data to predict equipment failures, scheduling maintenance only when needed and
thus minimizing downtime. In the energy sector, Al models could continuously monitor oil pipeline
integrity, processing vast streams of data to preemptively alert to leaks or potential
environmental hazards. Smart agriculture would benefit from Al models that optimize crop yield
predictions and soil health assessments, leading to more sustainable farming practices. Lastly,
the Nanofactory's Al could underpin worker safety measures by creating models that detect
unsafe behaviors or hazardous situations in real-time, ensuring a safer workplace. By enabling
the efficient production of highly specialized Al models, the Nanofactory promises not only to
bolster operational efficiency and safety but also to drive innovation in enterprise Al applications.




Public Services:

Within the public services sector, the Al Nanofactory's potential for societal impact is immense.
For wildlife conservation, it could generate Al models that process data from satellite images and
ground-level sensors to track the movement of endangered species, predicting and preventing
poaching activities while also managing habitat conservation efforts. In the context of beach
safety, the Nanofactory's Al could oversee the development of surveillance systems that monitor
oceanic and beach conditions, provide real-time analysis of crowd densities, and detect riptides
or other hazardous situations. These Al models would enable quicker response times and more
accurate risk assessments, aiding in the prevention of accidents and ensuring public safety.
Additionally, the Al Nanofactory could tailor models to optimize the allocation of resources for
environmental cleanup initiatives and public health monitoring, adapting to the dynamics of
public spaces to serve communities better. The Al-driven insights and automation capabilities
provided by the Nanofactory promise a new era of enhanced vigilance and protection for both
natural and human populations within the public services domain.




Practical Example - Smart Kitchen

Consider the smart kitchen as an example of pervasive AI's transformative
impact. Here a variety of appliances can leverage intelligent technology for
customized settings, enhanced quality, and energy efficiency.

Envision the smart kitchen as a microcosm of pervasive Al's transformative capabilities. In this
culinary haven, a suite of interconnected appliances leverages intelligent technology to redefine the
cooking experience. Imagine refrigerators that not only suggest recipes based on their contents but
also adapt their cooling settings to preserve the freshness of ingredients. Ovens with Al could
preheat to the ideal temperature for the specific dish you're planning to cook, while dishwashers
optimize water usage and cycle times based on the load's soil level. Smart cooktops could
automatically adjust flame intensity or induction levels for energy-efficient meal preparation,
ensuring perfect results every time. Beyond mere convenience, these Al-driven appliances offer a
tailored culinary journey, learning and adapting to individual tastes and dietary preferences. This
ecosystem of smart appliances, powered by an Al Nanofactory, stands as a testament to the
potential of pervasive Al to enhance quality, personalization, and sustainability in our daily lives.



Al Coffee Maker (The Barista): This intelligent coffee maker employs face
recognition or voice identification to recognize individuals, using their specific
preferences to brew coffee. It accurately locates the cup, ensuring precise
positioning, and automatically stops pouring to prevent overflows.

Smart Fridge (The Nutritionist): Integrated with computer vision, this fridge can
identify contents and estimate their nutritional value. A barcode reader embedded in
the Al camera collects detailed information about food and drinks, facilitating
healthy eating habit tracking and fresh food management. It can even suggest
purchases and generate shopping lists.

Al Oven (The Gourmet Chef): Equipped with a camera and Al, this oven can
identify food types and volume, automatically setting the appropriate cooking
parameters. It monitors the cooking process for optimal results and can estimate the

nutritional content of meals.

Smart Dishwasher (The Efficient Cleaner): Similar to the smart fridge, this
dishwasher uses Al to identify dish types and their placement, optimizing water flow

and cycle times for efficient cleaning with minimal water use.

Smart Lights (The llluminator): Voice-controlled lighting, adaptable to various
accents and personal settings, enhances hand-free kitchen convenience. These lights
adjust according to ambient light, optimizing energy use.

Al TV (The Personal Assistant): Increasingly popular in kitchens, these Al-powered
TVs provide both entertainment and information like weather updates and recipes.
They personalize content based on face or voice recognition and support voice

commands.

Beyond these individual appliances, a centralized intelligent hub, accessible via phone
or home server, acts as a command center. It aggregates data from each device, enhancing
overall intelligence with multiple input sources.

In the preceding section, we delved into the smart kitchen, showcasing its myriad

applications at the edge. However, the possibilities with edge Al extend far beyond this. For
instance, integrating a camera equipped with an age estimation model into an e-cigarette can
prevent its use by minors. Similarly, smart pet doors can be designed to recognize and permit
entry only to registered pets. The potential of edge Al is equally significant in enterprise



settings. Take a smart safety helmet, for example, which can monitor a worker’s fatigue
through EEG signals and issue alerts when necessary. Anomaly detection systems are
capable of identifying defects or failures in scenarios where human intervention might be
impractical or unsafe. The widespread adoption of edge Al holds the promise of significantly

enhancing the quality of life across various domains.

5) Discussion and Summary

The insights we've shared thus far represent just the beginning of a widespread and
expansive journey into edge Al applications — merely the tip of the iceberg in this rapidly
growing field. The Al community, including us at Aizip, is fervently pushing the frontiers of
this technology. We are dedicated to developing more sophisticated automated design tools
and minimizing human-in-the-loop (HIL) involvement. This evolution will pave the way for
an increasingly diverse range of applications to be crafted through automated toolchains.
With the maturation of automated design studios, pervasive Al is becoming widely
accessible at an affordable cost. By the end of this decade, it's anticipated that trillions of
sensors will be deployed, which will rely heavily on pervasive Al for effective utilization.

This burgeoning ecosystem is set to catalyze a substantial economic boom and create
numerous job opportunities.

Edge intelligence is poised to enhance the quality of daily life, bolster societal safety,

and contribute to environmental conservation. The widespread adoption of edge intelligence

promises a more sustainable world, transforming how we interact with and benefit from



