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Al Landscape




Intelligent Systems

from Automatic to Autonomic
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Embodiment of Al

e Al willembodied into the physical world.
e Software * robotic & loT systems = Cyber-Physical Systems (CPS)

e Al + CPS = Autonomous Intelligent Systems (AIS)

Smart Home
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Smart City

Smart Industry & ./ Smart Health

IOT APPLICATIONS
https://www.researchgate.net/figure/loT-applications-in-daily-life_fig1 360960059 VERSES 2024. All Rights Reserved.
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Smart Edge Agents

«  Most ML works have dealt with perception (TinyML)
.+ Smart sensors need deal with uncertainty and changes (reasoning)

- Devices need to adapt to the environment (on-device adaptation)

% ImW - 1W < 10W - 30W

https://www.indianretailer.com/article/retail-business
https://www.stockvault.net/photo/234881/crc32 https://www.flickr.com/photos/scotnelson/14743715188

We need methods that reason at the very Edge
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https://www.indianretailer.com/article/retail-business/whats-hot/smart-wearables-demand-rising-despite-inflation.a7971
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Accessibility




Data Wall
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Compute Wall

Massive amount of Compute Needed

Data Wall + Massive amount of Compute needed = Few dominant players
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Cost of ChatGPT training was over a $100m
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Scalability Gap




Al Challenges | Model Scalability

Parameter count of ML systems through time
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https://towardsdatascience.com/parameter-counts-in-machine-learning-a312dc4753d0
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Al Challenges | Compute Scalability

Training FLOPs Scaling for SOTA Models
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https://github.com/amirgholami/ai_and_memory_wall/
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Al Challenges | HW Scalability

Scaling of Peak hardware FLOPS, and Memory/Interconnect Bandwidth
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Trustworthiness

(Explainability / Bias [ Legalities /| Governability)
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Trustworthiness

Alis a Black-box Over 85% of global executives do not have
confidence in Al-based decisions and outputs

Accenture study: “Ready. Set. Scale”, 2020

40% of executives say Al not ready to achieve
accurate outcomes: report

CFO study, 2024

Al to be controlled and regulated

“President Biden and EU President Ursula von der Leyen
to convene a summit to find ways to control the
development of advanced Al systems.”

https://www.freepik.com/premium-vector/chalk-sketch-
gift-box-black-chalkboard-background _32532560.htm
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Expectations




Gartner Cycle
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Gartner Cycle

Smart Robots Generative Al
Responsible Al

Neuromorphic Computing \

Prompt Engineering

What is the add-on value of AlI?

Foundation

| Alis an enabler (tool) to solve REAL problems
Synthetic Data

Vision

Al Simulation 2

o Artificial General Intelligence Models .. .

= N —— Modelope - Leverage (smoll & optlmlsgd) foundation models
(o) Al TRISM - Focus on unique data and industry expertise
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Goals

Our world is a living and breathing environment with dynamical,
uncertain and collaborative systems.

Sense / Decide / Act / Adapt

Interoperability

Governability

Interpretability

Adaptability

VERSES 2024. All Rights Reserved.
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A modern day smart framework should be able to address 4 major areas

[lmercperability @}\ —[Q‘%ﬁ Governability]
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Scalability - - - - Transparency
Modularity -~ '~ - Clarity
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A modern day smart framework should be able to address 4 major areas
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Interoperability

Share same world model
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Governability | WEB 3.0 (IEEE Spatial Standards)

loT /XR /Al /DLT

AR & VR, Al, IOT, ROBOTICS

SPACES & PLACES

(REALITIES, SPACES, TIME, CHANNELS)

ACTIVITIES

(RIGHTS, CREDENTIALS, CLAIMS, ACTIVITIES)

ADI'1Od

IDENTITIES

(AUTHORITIES, DOMAINS, USERS, ASSETS)

ALIdND3S
ADVAIdd

|

A
11"M9vd3dOdd LN

ENTERPRISE STACK — ..

(ERP/WMS/CRM/GIS)

NETWORKS
(4G,5G,6G)
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A modern day smart framework should be able to address 4 major areas
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Adaptability

Adaptability can be decomposed into 3 features:
1. Once trained and deployed, adapt to changes in the environment and learn from it
2.  Deal with uncertainty and unknown variables

3. Personalization and customization

Key Features of Adaptability

Environmental

Personalization Adaptation

Uncertainty
Management

VERSES 2024. All Rights Reserved.
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Adaptability

1. Deep Learning




Adaptability | Deep learning

Offline
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Transfer learning

source domain target domain

Initial
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Real-world

Offline Transfer Fine-Tuning Speticncs
learning learning (F7)
Feature On-device
extractor
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New
Classifier e Clmee — data
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« OK for small data distribution shift deployment 23
« Catastrophic forgetting server side ' deviceside  ved.

M. Rusci - Date24 tutorial
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Adaptability | LLMs

LLMs offer opportunities for
« General knowledge
- Context switching

Documents

GraphRAG

A4

Workflow

-

Query
an B
KG Creation
Workflow
\& J

Huge models and computational cost

& little sample efficiency..

v

_

Y

Cypher
Queries

\

KG Adaptation
/ Updation

-

LLM

https://www.falkordb.com/blog/knowledge-graph-lim/

Responses

Knowledge Graph
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Adaptability

2. Active Inference




Adaptability | Active Inference

Originally developed by neuroscientist Prof. Karl Friston and his colleagues, mid 2000s

Active Inference is a computational framework for modeling adaptive agents. It
combines perception, learning, and action into a unified process guided by the
principle of minimizing uncertainty  (or surprise) about the  world.

This is achieved by integrating two core ideas:
1. Free Energy Principle
2.  The Markov Blanket

e ) /{ MarkovBlanket]

= - n
- - Internal States

I

Expected Free Energy - Active ‘<. External States

Inference

& 4
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Adaptability | Active Inference

e The FEP tries to answer this question: e A conceptual boundary that separates the
“what living systems “do” to continue internal states (beliefs) of the agent from the
existing as distinct entities in the face of external world while maintaining their
uncertainty”. interaction through sensory inputs and

actions.

e Such living systems use active inference

to keep themselves in subset of highly Generative g Generative Model
predictive states. Statistically achieved . Process ) brain (Brain)
by minimizing variational free energy. nvironment

External states Internal states

F~ (- X§3 ) ,/{ Markov Blanket ]
| {r

-- Internal States
Expected Free Energy - Active Epn External States
Inference

& 4
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Adaptability | Active (Bayesian) Inference

[posterior — » } Agent

(Generative model)

———————————————————————————————

Environment
(Generative process)
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Internal
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€T True state a N
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Adaptability | Active (Bayesian) Inference

Agent
(Generative model)
% Offers a lighter, sample- and ...
parameter-efficient alternative. e N

% Accounts for environment dynamics and
uncertainty, fostering resource-efficient sensorystdtas
decision-making.

—— = o = =

Internal
states

=R
S

p(z | )|

% Allows to plan and dynamically and
continually adapt based on ongoing
observations in real-time. \

e - - o -
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Complete System




Agentic systems

% Deep learning scaling laws cannot be applied for the Edge.
In fact, limitations are further amplified.

% Idea: Combine different technologies & techniques

> Compact deep learning model for perception (object
detection) at 45 FPS.

> Bayes-optimal control using AlIF to dynamically adapt
based on ongoing observations at 100 FPS.

X/
L X4

Allow to build smart agentic systems performing on-device
perception and planning.

Smart Edge Agents

—> (T &}

camera/locobot

Video/Frames

Active Object
observations
Inference Detection

Planning

Perception

Nvidia Jetson (25 W)
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Conclusion

Challenges:

e Hype vs. Reality: Despite the buzz, Al adoption remains slow, especially among SMEs, due to
resource and knowledge gaps.

e Usability: Applying Al to domain-specific problems is complex and requires significant customization.

e Trustworthiness: Deploying Al on safety-critical physical systems demands a paradigm shift in
reliability and risk management.

e Cost: Developing and deploying Al solutions is often cumbersome, time-consuming, and expensive.

What’s Needed:

e Bottom-up approach: Develop lightweight domain-specific applications that prioritize interoperability,
governability, interpretability, and adaptability.

e loT and Edge Use Cases: These environments present ideal opportunities to showcase the practical
and scalable potential of Al in real-world scenarios.
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Bridging the Cloud to the Edge

Cloud computing:

| User Clients ¢/ Data aggregation

Spatial Immersive

Application

Browser Experience
£ ¢ Intensive training
g /Local Servers AN =3 %
£ & Cloud E;d N7 = B 9 X Energy hungry
llé Computing o Conre?llrll_lode Pro;l:‘e,:':lng Wal!:;?\t:use A;Lsnt
3 = Edge computing:
L — @
E_ v’ Energy efficient
8 ¢/ Real time
¢/ Privacy
X Complexity
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