Mindful Al for
Adaptive, Resilient CyberPhysical Human Systems (CHPS)

Nikil Dutt
Dutt Research Group
UC Irvine

Research Partially Supported by the National Science Foundation,
DFG, Facebook (Meta), and Samsung

Dutt Research Group


https://duttgroup.ics.uci.edu/

Cyber-Physical Human Systems (CPHS):

e Small-scale IoT to large system-of-systems
o  Diverse verticals with varying goals and constraints
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Cyber-Physical Human Systems (CPHS):
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Cyber-Physical Human Systems and Omni-Layer Intelligence

Cyber-Physical Human Systems (CPHS):

e Small-scale IoT to large system-of-systems
o  Diverse verticals with varying goals and constraints
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bugs, failures,.. Vanufacturing structure
e New Challenge: Intelligence embedded across layers ooty
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e Inherently Dynamic: Need adaptive, run-time
mechanisms, online learning, safeguards,...
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Another Challenge: Diversity in Systems & Applications

Abstraction Layers
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Another Challenge: Diversity in Systems & Applications

Abstraction Layer S

Application i

* “Triple Whammy” of changes:
1. Platforms (e.g., process variability, aging, ..)
2. Environment (e.g., temperature, radiation, ...)
3. Application dynamics (e.g., processing, memory, unpredictable Al..)

n
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Another Challenge: Diversity in Systems & Applications §

Abstraction Layers -

Anoplication i

“Triple Whammy” of changes:

1. Platforms (e.g., process variability, aging, ..)
2. Environment (e.g., temperature, radiation, ...)
3. Application dynamics (e.g., processing, memory, unpredictable Al..)

Static design techniques can’t cope with changes
Increasing need for runtime adaptivity
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Another Challenge: Diversity in Systems & Applications §

Abstraction Layers

Application ‘ /

* “Triple Whammy” of changes:

1. Platforms (e.g., process variability, aging, ..)
2. Environment (e.g., temperature, radiation, ...)
3. Application dynamics (e.g., processing, memory, unpredictable Al..)

« Static design techniques can’t cope with changes
* Increasing need for runtime adaptivity
* Mindful Al to the rescue?

n
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What is Mindfulness?

Mindfulness From APA (American Psychological Association)
The capacity to maintain awareness of both internal and external states in a
deliberative, adaptive manner.

Mindfulness enhances Cognitive Intelligence
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What is Mindfulness?

M n dfu I ness From APA (American Psychological Association)

The capacity to maintain awareness of both internal and external states in a
deliberative, adaptive manner.

Mindfulness enhances Cognitive Intelligence

Three Related Questions for CHPS:

1. What is Cognitive Intelligence?
2. How does Mindfulness enhance Cognitive Intelligence?
3. What is Mindful Al for CHPS?

— https://duttgroup.ics.uci.edu/ 10



1. What is Cognitive Intelligence?

The mental processes your brain uses to acquire, store, transform, and use information.
It's how we perceive the world, make sense of it, and act on that understanding.

The mind'’s capacity to learn, understand, and use knowledge to
think, reason, solve problems, and adapt to new situations.

From APA, GPT-5, Claude Sonnet 4, Gemini 2.5
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1. What is Cognitive Intelligence?

The mental processes your brain uses to acquire, store, transform, and use information.
It's how we perceive the world, make sense of it, and act on that understanding.

The mind'’s capacity to learn, understand, and use knowledge to
think, reason, solve problems, and adapt to new situations.

Core Cognitive Processes
e Perception - How we interpret sensory information
e Attention - Focusing on specific stimuli while filtering out others
e Memory - Encoding, storing, and retrieving information
e Learning - Acquiring new knowledge and skills
e Language - Understanding and producing communication
e Thinking - Mental manipulation of information
e Problem-solving - Finding solutions to challenges
e Decision-making - Choosing between alternatives

From APA, GPT-5, Claude Sonnet 4, Gemini 2.5
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2. How does Mindfulness enhance Cognitive Intelligence?

M I n d fu I n es s From APA (American Psychological Association)

The capacity to maintain awareness of both internal and external states in a
deliberative, adaptive manner.

& https://duttgroup.ics.uci.edu/ 13



2. How does Mindfulness enhance Cognitive Intelligence?

M I n d fu I n es s From APA (American Psychological Association)

Mindfulness enhances Core Cognitive Skills

The capacity to maintain awareness of both internal and external states in a
deliberative, adaptive manner.

From GPT-5, Claude Sonnet 4, Gemini 2.5

Perception
Attention
Memory y 4 N
. Automatic System (AS) Reflective System (RS)

Learni ng « Quick and reactive v~ « Slow and responsive

« Limited memory and perspective « Memory rich and introspective
Lang uage « Simpler and error-prone decisions « Complex and reliable decisions
Thlnklng « Low-level intuitions « High-level beliefs

Problem-solving \-/

Decision-making
Metacognition: thinking about one’s own thinking (self-awareness, strategies)
Executive functions - Planning, organizing, and controlling behavior

https://duttgroup.ics.uci.edu/ 14



3. What is Mindful Al for CPHS?

Use computational abstractions of mindful biological cognition

Computational Cognitive Intelligence (CCI): biologically inspired,
but adapted for computing systems

& https://duttgroup.ics.uci.edu/ 15



3. What is Mindful Al for CPHS?

Use computational abstractions of mindful biological cognition

Computational Cognitive Intelligence (CCI): biologically inspired,
but adapted for computing systems

A Explicit models of self, environment, and context for adaptivity/autonomy
O Computational abstraction of mindful biological cognition: self- and
environmental-models; goal management; understanding & reasoning;

contextualization; and history

A Use CCI reference architecture for driving adaptive system design
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3. What is Mindful Al for CPHS?

Use computational abstractions of biological cognition

Computational Cognitive Intelligence (CCI): biologically inspired,
but adapted for computing systems

 Explicit models of self, environment, and context for adaptivity/autonomy
O Computational abstraction of biological cognition: self- and
environmental-models; goal management; understanding & reasoning;

contextualization; and history

 Use CCI reference architecture for driving adaptive system design
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What is Self-Awareness?

Self-awareness From Wikipedia

From Wikipedia, the free encyclopedia
Not to be confused with Self-concept, Self-consciousness, Self-perception, or Self image.

This article has multiple issues. Please help improve [hide]
it or discuss these issues on the talk page.

\) « This article may require cleanup to meet Wikipedia's
quality standards. (March 2009)

¢ This article needs attention from an expert on the

Self-awareness is the capacity for introspection and the
ability to recognize oneself as an individual separate from

the environment and other individuals.
T

1 In philosophy

2 In biology
2.1 Animals

2.2 Evolution The mirror test is a simple &J

: : measure of self-awareness.
2.3 Neurological basis

L&x https://duttgroup.ics.uci.edu/ Dutt Research Group

From GPT-5,
Claude Sonnet 4,
Gemini 2.5

Self-awareness is the ability to see
yourself clearly and objectively through
reflection and introspection. It involves
monitoring your own internal state,
including your thoughts, emotions, and
beliefs, as well as understanding how you
are perceived by others.

18


https://duttgroup.ics.uci.edu/

Computational Self-Awareness

‘\ Computing systems that.. [Kounev 2015]

learn models capturing knowledge about
themselves and their environment on an
ongoing basis

reason using the models, enabling them
to act in accordance with goals that are
subject to change
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Computational Self-Awareness

‘\ Computing systems that.. [Kounev 2015]

learn models capturing knowledge about C tati | self
themselves and their environment on an omputational seli-awareness

ongoing basis enables

S

] #= Adaptive autonomy for runtime
decisions
= Capability to reason about and

reason using the models, enabling them !
manage autonomy at runtime

to act in accordance with goals that are
subject to change
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Computational Self-Awareness:
A Hierarchical View Self-*

self-managing, self-
governing, self-
maintenance, self-control,
self-evaluating, self
organizing

General Level o Global Properties
Self-Adaptiveness
Major Level Self-Configuring Self-Healing in accordance .
to biological self-adaptation
Self-Optimizing Self-Protecting
S itsy ) \ self-monitoring,
LI Laves Self-Awareness Context-Awareness * ® @ self-situated

N\

Fig. 1. Hierarchy of the self-* properties.
[SALEHIE 2009, TAAS]
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Self-* Computing: Related Efforts

- Self-test, Self-diagnosis, Self-Repair for chips and computing platforms
(several decades)

L&x https://duttgroup.ics.uci.edu/ Dutt Research Group
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Self-* Computing: Related Efforts

- Self-test, Self-diagnosis, Self-Repair for chips and computing platforms
(several decades)

- Reflective SW and Autonomic Computing (IBM) (circa 2003)
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Self-* Computing: Related Efforts

- Self-test, Self-diagnosis, Self-Repair for chips and computing platforms
(several decades)

- Reflective SW and Autonomic Computing (IBM) (circa 2003)

- ODA-based feedback control strategies for adaptive computing (circa 2011)
- SEEC (MIT/ Milano)

Organic/Invasive Computing Germany)
- Software centric/focused adaptation of computing platform resources
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Self-* Computing: Related Efforts

- Self-test, Self-diagnosis, Self-Repair for chips and computing platforms
(several decades)

- Reflective SW and Autonomic Computing (IBM) (circa 2003)

- ODA-based feedback control strategies for adaptive computing (circa 2011)
SEEC (MIT/ Milano)
Organic/Invasive Computing Germany)
- Software centric/focused adaptation of computing platform resources

- Missing pieces for CHPS:
Cross-layer sensing/actuation
Self-modeling and introspection
Modeling environment and context
Control/coordination of emergent behaviors

L&x https://duttgroup.ics.uci.edu/ Dutt Research Group



https://duttgroup.ics.uci.edu/

Building Computationally Self-Aware Systems

. Self-Aware Systems

- Construct model of behaviors and environment using sensor data

- Achieve self-awareness through cross-layer sensors and monitors
Experience phenomena
Aware of state and behavior

- The ability to introspect

- Adapt behavior based on model of external and internal

environment

i&x https://duttgroup.ics.uci.edu/ Dutt Research Group 26
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Building Computationally Self-Aware Systems

- Self-Aware Systems
- Construct model of behaviors and environment using sensor data
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Building Computationally Self-Aware Systems

. Self-Aware Systems
- Construct model of behaviors and environment using sensor data
- Achieve self-awareness through cross-layer sensors and monitors
Experience phenomena
Aware of state and behavior
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Cross-Layer Physical/Virtual Sensing & Actuation

o | ™
Applications —  SA |

Network/Bus Communication
Architecture

Hardware Architecture

Sensors
(Observer)

(Act)

L&x https://duttgroup.ics.uci.edu/ Dutt Research Group 29
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Cross-Layer Physical/Virtual Sensing & Actuation: Examples

Layers

Virtual/Physical Sensors

Virtual/Physical Actuators

Application

Execution Time, Workload Power, Energy,

Loop perforation
Algorithmic Choice

Operating System

System Utilization
Peripheral States

Task Allocation, Scheduling, Migration,
Duty Cycling

Network/Bus
Communication

Bandwidth; Packet/Flit status; Channel
Status, Congestion, Latency

Adaptive Routing
Dynamic Bandwidth Allocation
Ch. no and direction

Hardware
Architecture

Cache misses, Miss rate; access rate;
IPC, Throughput, ILP/MLP, Core
asymmetry

Cache Sizing; Reconfiguration,
Resource Provision
Static/Dynamic Redundancy

Circuit/Device

Circuit Delay, Aging, leakage
Temperature, oxide breakdown

DVFS, DFS, DVS ABB, Clock and
Power-gating

‘C gm&‘* https://duttgroup.ics.uci.edu/ Dutt Research Group
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Building Computationally Self-Aware Systems

. Self-Aware Systems

- The ability to introspect
- Adapt behavior based on model of external and internal
environment

i&x https://duttgroup.ics.uci.edu/ Dutt Research Group 31
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Reflexive, Event-driven, Reactive

Actions driven solely on external feedback
- E.g., our autonomic nervous systems

g g’fﬁ‘\ https://duttgroup.ics.uci.edu/ Dutt Research Group
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Towards Self-Aware Systems:

What we do now

gosg Adaptive .
oals . outpu

Polices / I
Reflexive, Controller / ‘ -
Reactive Governor _ e
yD cmrern B

ol Simple Adaptation elt-monitoring ¢
Self-monitoring [Sarmal4, CODES+ISSS14]

L&x https://duttgroup.ics.uci.edu/ Dutt Research Group
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Reflex vs Reflect

Reflexive, Event-driven, Reactive

A

Consider past and future outcomes
E.g., planning, strategies, policies, ...

Actions driven solely on external feedback
E.g., our autonomic nervous systems

2 g’fﬁ‘\ https://duttgroup.ics.uci.edu/ Dutt Research Group
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Towards Self-aware Systems

Beyond simple reactive models

There is unusual
Reflection, activity in Core 27 measurement
y

{pﬁf?SPection System Behavior
(Model Building)

Self-Aware
Adaptation

QoS Adaptive
Goals .
Polices /
Reflexive, Controller /
Reactive Governor :
v § B i e Temperature
“a ‘& 3 - . >80C
’ Simple Adaptation Self-monitoring chip

Self-monitoring and Self-modeling [Sarmal4, CODES+ISSS14]

L&x https://duttgroup.ics.uci.edu/ Dutt Research Group
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Towards Self-aware Systems Observe-Reflect-Decide-Act

Beyond simple reactive models

There is unusual
Reflection, activity in Core 27 measurement
Introspection System Behavior
AP, (Model Building)

Self-Aware
Adaptation

QoS/ Adaptive
Goals .
Polices /
Reflexive, Controller /
Reactive Governor
v\ § B% B P TIOOR 7 2N Temperature
“a ‘& 3 S . >80C
= b Simple Adaptation Self-monitoring chip

Self-monitoring and Self-modeling [Sarmal4, CODES+ISSS14]

L&x https://duttgroup.ics.uci.edu/ Dutt Research Group
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Observe

SK
. AK

Observe-Reflect-Decide-Act
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3. What is Mindful Al for CPHS?

Use computational abstractions of biological cognition

Computational Cognitive Intelligence (CCI): biologically inspired,
but adapted for computing systems

A Explicit models of self, environment, and context for adaptivity/autonomy
O Computational abstraction of biological cognition: self- and
environmental-models; goal management; understanding & reasoning;

contextualization; and history

A Use CCI reference architecture for driving adaptive system design

N
& https://duttgroup.ics.uci.edu/ 39



Exemplar CCI Reference Architecture

Desirability
Scale
very desirable

Learning

s —\
- g Self-Monitoring

—
8 e

Episodic Static Dynamicr-\\“
History Self Model \ Self Model /

W

Episodic Static , Dynamic
History Self Model . Env Model

Learning

Learning

very undesirable

Goal
Hierarchy

)

Goal
Management

Learning

Execution /"

Engine /\‘

Learning

[Jantsch & Dutt 2017]
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Exemplar CCI Reference Architecture

Sensors

/——*
» v/

Episodic

Learning
Self-Monitoring

A

Static / Dynamic N
Self Model \Self Model )

Learning

Env-Monitoring

W\

Static {/ ‘Dynamic
Self Model . Env Model 4

Desirability

Goal
Scale

Hierarchy

very desirable

()

Goal
Management

very undesirable

Learning

Learning

Execution
Engine

Learning

Actuators

[Jantsch & Dutt 2017]
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Exemplar CCI Reference Architecture

Desirability
Scale
Self- \ very desirable

Learning

Self-Monitoring

Static K/"'“bynamig\\
Self Model . Self Model

Learning

@ X e
(/) Env-Monitoring

Static , Dynamic
Self Model . Env Model

Learning

very undesirable

Goal
Hierarchy

()

Goal
Management

Learning

Execution /.’

Engine /\b

Learning

[Jantsch & Dutt 2017]
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Exemplar CCI Reference Architecture

= http:

Desirability Goal
Scale Hierarchy

very desirable
S '\ Learning
- g Self-Monitoring

=
A/ s

Episodic Static Dynamic
History Self Model ' Self Model /

W

Episodic Static , Dynamic
History Self Model . Env Model

very undesirable

()
Goal
Management

Learning

e

®

Learning

Learning
Execution
Engine

Learning

Core Cognitive Processes

Perception - Interpret
sensory information
Attention - Focus on
specific stimuli

Memory - Encode, store &
retrieve information
Learning - Acquire new
knowledge

Thinking - Mental
manipulation of information
Problem-solving - Find
solutions
Decision-making -
Choose between
alternatives

[Jantsch & Dutt 2017]
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Exemplar CCI Reference Architecture

Desirability Goal
Scale Hierarchy

very desirable

Sensors

S .
Learning
/_—Bé

Self-Monitoring

—
Ay )

Episodic Static / Dynamic
History Self Model . Self Model /

= 1 e
/ Vi DL — B @

Episodic Static " Dynamic Engine /\‘ A Ctuators

History Self Model \ Env Model | :
e Learning

S

()

Goal
Management

Learning

Observe->Reflect->Decide->Act Jansch & Dutt 2017
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Computational Cognitive Intelligence (CCI)

CCI: biologically inspired, but adapted for computing systems

A Explicit models of self, environment, and context for adaptivity/autonomy

O Computational abstraction of biological cognition: self- and
environmental-models; goal management; understanding & reasoning;

contextualization; and history

A Use CCI reference architecture for driving adaptive system design

 Demonstrated utility of CCl in several CPHS use-cases

2
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Computational Cogzgg

CCI: biolog
d Explicit ry

d Comput
goal ma

d Use

a

Exemplar Cross-Layer CCI Projects (2012-)

CPHS: Cyber-Physical Human Systems

https://duttgroup.ics.uci.edu/
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Computational Cogzgg

CCI: biolog
d Explicit ry

d Comput
goal ma

d Use

a

Exemplar Cross-Layer CCI Projects (2012-)
CPHS: Cyber-Physical Human Systems

CPHS: Chips Platforms Humans System-of-Systems

https://duttgroup.ics.uci.edu/
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Computational Cognits
Exemplar Cross-Layer CCI Projects (2012-)

CPHS: Cyber-Physical Human Systems

CCI: biolog CPHS:, Chips P H s
Q Explicit ChIpS CPSoC - adapting to process variability for nanoscale SoCs
(2012-2017)
d Comput
goal ma
d UseC
d D

— https://duttgrouprcs-uoroas 48



Sensor/Actuator-rich SoC
fabric

— OCSA: On-Chip Sensing and
Actuation unit

NoC overlay (or separate
network)

SW enabled sensors &
actuators

Adaptive control of platform
resources

Appl App 2 esee @
o = —

Application
Layer

Observe D ecide

Cross-Layer Seasors (=) D ecisions & Learning
(Virtnal & Physical) (Controller)

N /

\ /CPSCorc

N / \
Reflective M iddleware Layer

Traditional O perating System

/
.
=)

Chip Hardware

rjﬂ_, = |

%
Joint work with Santanu Sarma

Research Partially Supported by the NSF Variability Expedition Project

https://duttgroup.ics.uci.edu/
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CPSoC Use Cases (2012-2017)

« Energy Efficiency (Throughput/Power)

- Dynam|C Workloads S.Sarma, T. Muck, Luis. A.D. Bathen, N. Dutt, and A. Nicolau, “SmartBalance: A Sensing-

_ Opportu nistic Load balanci ng Driven Linux Load Balancer for Energy Efficiency of Heterogeneous MPSoCs,” DAC 2015.
. T. Muck, S. Sarma, and N. Dutt, “Run-DMC: Runtime Dynamic Heterogeneous MultiCore

- Adaptlve Scheduler Performance and Power Estimation for Energy Efficiency”, CODES+ISSS 2015.

B. Donyanavard, T. Muck, S. Sarma, and N. Dutt, “SPARTA: Runtime Task Allocation

— Evol Utlonary ApproaCh for Energy Efficient Heterogeneous Many-cores,” CODES+ISSS 2016.

* Thermal-Aware Performance
D . A . P " I . S. Sarma, T. Muck, M. Shoushtari, A. BanaiyanMofrad, and N. Dutt, “Cross-layer Virtual
- ynam ic/ daptlve arallelization Physical Sensing and Actuation for Resilient Heterogeneous Many-core SoCs ASPDAC-

— Heterogeneous Architecture 2016.
. . S. Sarma and N. Dutt, “Minimal Sparse Observability of Complex Networks: Application to
— Adaptlve SChedU“ng MPSoC Sensor Placement and Run-time Thermal Estimation & Tracking,” DATE 2014.
. g M. Namaki-Shoushtari, A. Rahimi, N. Dutt, P. Gupta, and R. Gupta, “ARGO: Aging-
¢ Aglng and ReSIIIence aware GPGPU Register File Allocation,” CODES+ISSS 2013.
— Opportunistic Allocation T. Muck, Z. Ghaderi, E. Bozorgzadeh, and N. Dutt, “Exploiting Heterogeneity for

Aging-aware Load Balancing in Mobile Platforms,” IEEE TMSC 2017.

— Duty cycling: Active & Resting periods

& https://duttgroup.ics.uci.edu/ 50



sutational Coz

CCI: biolog

O Explicit

17
y/

Exemplar Cross-Layer CCI Projects (2012-)

CPHS: Cyber-Physical Human Systems

CPHS: C Platforms H S

Platforms /

* Adaptive Resource Management — for microarchitectures

+ Adaptive Memory Hierarchy Management
+ Adaptive datacenter resource management

(2017-2024)

https://duttgroup:
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MARS middleware for reflective resource management

System stack

Application

< -

Linux kernel

Sensor;

ctuator

Scheduling, resource
allocation, DVFS, etc

< -

HMP HW
platform

(AN

[H

0@ httos://dutt ) ! edu/ B. Donyanavard, N. Dutt, B. Maity, P. Malani, and T. Muck.
~ : T .1cs.ucl.e
ps/rdutigroup ESWEEK 2023 Tutorial 52



MARS middleware for reflective resource management

React
System stack
Resource Actuator: Sensor;
Managemen o
t Application

Policies

=
[

| Decision

Linux kernel

Scheduling, resource
allocation, DVFS, etc

< -

HMP HW
platform

[ ]

Aware

AN
[H

Sensed data

0@ httos://dutt ) ! edu/ B. Donyanavard, N. Dutt, B. Maity, P. Malani, and T. Muck.
~ : T .1cs.ucl.e
ps/rdutigroup ESWEEK 2023 Tutorial 53



Reflect

React

Partitioning. El[="
models . AyllEEY

- - n L} !
- il L] . .
Decisions Decisions,
Kernel . I L E

Reflective System
Model

models

HW .
models

Self-Aware

Resource
Managemen
t
Policies

Policy 1

o J ML

Aware

Linux kernel

Scheduling, resource
allocation, DVFS, etc

<

HMP HW
platform

Sensed data

https://duttgroup.ics.uci.edu/

B. Donyanavard, N. Dutt, B. Maity, P. Malani, and T. Muck.

ESWEEK 2023 Tutorial
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Reflect React

Reflective System Resource

Model Managemen m
lllll a t

"Partitioning. #GIIY Policies
models » Ayl EIRY Policy 1

.- n n L}
[ | Kernel | ecisions, o ecisions, Llnux kernel
n - ¥

 Cross-layer Self-Awareness
o Self-Models across different abstraction levels
o Enables CCI principles to be applied across the hierarchy

(@ httos://dutt ) { edu/ B. Donyanavard, N. Dutt, B. Maity, P. Malani, and T. Muck.
_— . T .1CS.UC1.€
& perCUTETotp-Ies-ue ESWEEK 2023 Tutorial 55



Computational Cognitis
Exemplar Cross-Layer CCI Projects (2012-)

CPHS: Cyber-Physical Human Systems

CCl: bIOIOQ CPHS: C P Humans S
O Explicit m
d Comput
goal ma
U Health loT: S Edge-Cloud Adaptivit
a ° eaitncare iIol:. censor-cage-CGiou aptivity
Use CC (2017-2024)
a D¢



Sample Healthcare CPHS Projects*®

« NSF WIiFiUS: /oCT-CARE: Internet of Cognitive Things for Personalized Healthcare
(2017-2020)

o loT-based Early Warning Score Everyday Settings
o Smart Pain Assessment

« NSF SCC Program: UNITE: Smart, Connected, and Coordinated Maternal Care for
Underserved Communities (2018-2022)
o Improving maternal health: personalized models via lifelogging, health monitoring
and recommendations

- Susan Samueli Integrative Health Institute: Harnessing the Power of Positive
Connections to Reduce Loneliness in College Students (2021-2022)

o Stress and loneliness in college students during pandemic

* Joint work with Amir Rahmani

& https://duttgroup.ics.uci.edu/ 57



loCT-CARE CPHS Architectures

HiCH: a hierarchical computing Self-Awareness in Remote Health Monitoring
architecture for healthcare loT Systems using Wearable Electronics

Cloud Self-awareness core Sensors

Fog Layer
Layer Layer

Cloud Layer

Bio-signal
pre-processing

(R R

uoyuayy

System

Sensor Monitor Management Execute Actuator Situation

awareness

uoyninbiyuoday

& Sensors Layer E]El [i=)-)) Fog Layer
Goals: availability and timeliness Goals: intelliggn_t decision making
and energy efficiency

. Azimi, A. Anzanpour, A.. Rahmani, T. Pahikkala, M. Levorato, P.

Liljeberg, and N. Dutt, EMSOFT/ ESWEEK 2017 A. Anzanpour, I. Azimi, M. Gétzinger, A.Rahmani, N. TaheriNejad, P.
Liljeberg, A. Jantsch, and N. Dutt, DA TE, 2017

Q S . . . NSF WiFiUS: /oCT-CARE: Internet of Cognitive
https://duttgroup.ics.uci.edu/ Things for Personalized Healthcare (2017-2020) 58



UNITE Technology Platform:

Al-Powered, Personalized Services

Closed-loop system for lifelogging, health monitoring and recommendation
leveraging personalized models

‘;;s\°° Model:
Qob poath 59 Feedback
0&& f Context @
Qﬁ’ ‘
Mother 0bservatlon Event mining: Real state:

ii} #“ i @ = Healthq@,*, Absiacton. .?,/’ &

Activity Learnin &.
E]] Context ‘\ Persona |zat|on

Desired

pregnancy
p'::\ﬁﬁgr condition { Desired state:
q Madical (\ q‘ Abstraction S ,o ﬁ
i, “\ knowledge ( Fusion >

Preference...
Report

o https://dutt . i edu/ NSF SCC Program: UNITE: Smart, Connected, and Coordinated
ps:/7duttgroup.1cs.uct.c Maternal Care for Underserved Communities (2018-2022) 59






The Information Processing Factory (IPF)

e DFG-NSF project (2018 —2021) INFORMATION PROCESSING FACTORY (IPF)”;ﬁ
m  UC Irvine, TU Munich, TU Braunschweig e ' ’

e Objectives
m  Growing IC material effects, parameter variation,
aging, degradation, defects, ...
m  Growing load changes in autonomous applications
m  Longer lifetimes - system autonomy

e Vision
m  Operate future MPSoC like a factory
m Rich sensor system, physical adaptation ,
m  Enable online optimization 7 | *
e Keep updated system model on chip — self-reflection o= s
e Optimize own state and operation — self-organization o © O
m  Autonomous planning with networked ICs b

nm O
& https://duttgroup.ics.uci.edu/ Dutt Research Group EH;{;E;;;? Ozrai(;I df;Fi’ ;)Sutt’

DFG Deutsche
Forschungsgemeinschaft
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Information Processing Factory 2.0 (IPF 2.0):

Self-Awareness for Autonomous, Collaborative Systems

Trailing (rearmost) Truck / 4 Trailing Truck / 3 Trailing Truck / 2™ Lead Truck / 1*

o — > wt P ot
g @ >)> e B emm—a 8 ~mm—ia @ D

(@ ) ) Ernst, Herkersdorf, Kurdahi, Dutt,
& https://duttgroup.ics.uci.edu/ DATE 2023 IPF2.0SS 62



Computational Cognitis
Exemplar Cross-Layer CCI Projects (2012-)

CPHS: Cyber-Physical Human Systems

CCl: bIOIOQ CPHS: C P Humans S
O Explicit m
d Comput

goal ma

Humans
d Use CC )
*  Mindful Al for Personal Health and Wellbeing (PHW)

Q Dr (2020-)



Mindful Al for Personal Health and Wellbeing (PHW)

e PHW Challenge:
o Increasing use of wearables for mHealth

kigéx ICCAD 2025, to appear https://duttgroup.ics.uci.edu/ Images from Gemini 64



e PHW Challenge:

o Increasing use of wearables for mHealth
tasks: pain/emotion recognition

x&-\ ICCAD 2025, to appear https://duttgroup.ics.uci.edu/ Images from Gemini 65



e PHW Challenge:
o Increasing use of wearables for mHealth
tasks: pain/emotion recognition, sleep
monitoring

&igéx ICCAD 2025, to appear https://duttgroup.ics.uci.edu/ Images from Gemini 66



e PHW Challenge:
o Increasing use of wearables for mHealth
tasks: pain/emotion recognition, sleep
monitoring, activity tracking, stress, ....

“igéx ICCAD 2025, to appear https://duttgroup.ics.uci.edu/ Images from Gemini 67



e PHW Challenge:

o Increasing use of wearables for mHealth ;
. . . . ! : Selective <42,42>
tasks: pain/emotion recognition, sleep oG e, PRG Ji—+ Fodiiro] | i=m=t gl Mode

" 'Sensor ‘Samples, .~ Num_features Edge ’

Aggregation Selection g
!
1

sensor |! | features

monitoring, activity tracking,.... : 5 :
o Multi-modal machine learning (MMML) = ~4——> o 2 —— MMML model ﬁ
accuracy degraded by high energy drain @ |
(continuous sensing) and noise/artifacts || Bco |l || EcG [%2] ' |
(motion, environment..)

sensor | ! i features

Mgzﬂx ICCAD 2025, to appear https://duttgroup.ics.uci.edu/ 68



e PHW Challenge:

. e e N B o
o Increasing use of wearables for mHealth e = ’
. . Y : ' : Selective <42,42> q
tasks: pain/emotion recognition, sleep R e o F—* (Featre | ——> SO0
i . .. : ! - ggregation
monitoring, activity tracking,.... : P |
. . . : ; : Model Pool ]
o Multi-modal machine learning (MMML) > EDA 4 i, EDA B — T
accuracy degraded by high energy drain U_J !
(continuous sensing) and noise/artifacts | ECG oo | Ec (2] — |
. . 1| sensor || i features ggreg 2 1 <84,2> 1
(motion, environment..) 5 . Modalities :

\ ! : 1
CIRITTEROER % —{ Intelligent sense-compute adaptivity -+

e Approach: —{ Contagon|[

o Mindful Al for PHW through adaptive
sense-compute co-optimization

B ICCAD 2025, to appear https://duttgroup.ics.uci.edu/ 69



e PHW Challenge:

@)

Increasing use of wearables for mHealth

tasks: pain/emotion recognition, sleep
monitoring, activity tracking,....

Multi-modal machine learning (MMML)
accuracy degraded by high energy drain
(continuous sensing) and noise/artifacts

(motion, environment..)

e Approach:

O

Mindful Al for PHW through adaptive

sense-compute co-optimization

ICCAD 2025, to appear

Sensing
Configuration

PPG 64 1

sensor

EDA | 4
sensor

ECG 11000 )

sensor

PPG
features

EDA
features

ECG
features

'\ —{ Intelligent sense-compute adaptivity

MMML model

Num_features

Aggregated features,

A

https://duttgroup.ics.uci.edu/

Technique Sensor energy

Agnostic
Adaptive




M i n d fu I AI fO r P H W o e Reflective response

Intelligent policy = Model
learning modules  pool

e End-to-end pipeline across

Embodied Self-monitoring
Device — Edge — Cloud SHeccapple
y ] Co-optimization
Bottom-up Insights Top-down Insights
Edge : Hybrid Attention Decision Enforcer
Modqhty-aw?re Contextual information Aon
Inference engine sensing quakty Reflective Action validator
System (RS) e
Network strength System goals
Automatic si’t’iselc"mp‘t‘te
action executer
Model confidence User demands System (AS) one
Device (QoS/QoE)
Sengor modaWes Sense & compute config.
Automatic Response

o) - oy ICCAD 2025, to appear https://duttgroup.ics.uci.edu/ 71



Mindful Al for PHW

e End-to-end pipeline across
Device — Edge — Cloud

e Sensor modalities activate
model pool + policy
learning modules

L&x ICCAD 2025, to appear

Cloud Sense & compute config.

Intelligent policy = Model
learning modules  pool

Reflective response

Embodied Self-monitoring

Bottom-up Insights

Edge
Modality-aware
Inference engine sensing quality
Network strength
Device Model confidence
ormot odtos Sense & compute config.

https://duttgroup.ics.uci.edu/

Top-down Insights
Contextual information
System goals
User demands

(QoS/QoE)

Automatic Response

Sense-compute
Co-optimization

Hybrid Attention Decision Enforcer

Reflective rAcbon Action validator
System (RS) SO

Automatic Sense/Compute
System (AS) action executer

72



Mindful Al for PHW

e End-to-end pipeline across
Device — Edge — Cloud

e Sensor modalities activate
model pool + policy
learning modules

o Bottom-up (data-driven)
and Top-down (goal-driven)
insights guide adaptation

C@ ICCAD 2025, to appear

Cloud Sense & compute config.
Reflective response
Intelligent policy = Model
learning modules  pool
Embodied Self-monitoring
Bottom-up Insights Top-down Insights
Edge
Modghty-aw?re Contextual information
Inference engine sensing quakty
Network strength System goals
User demands
Device Model confidence (Q0S/QoE)
Sensor modalies Sense & compute config.
Automatic Response

https://duttgroup.ics.uci.edu/

Sense-compute
Co-optimization

Hybrid Attention Decision Enforcer

Reflective rAcbon Action validator
System (RS) SO

Automatic Sense/Compute
System (AS) action executer

73
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ESWEEK/CODES+ISSS 2023

Lg.\
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ICCAD 2025, to appear

DynaFuse: Efficient inference for
Human Activity Recognition (HAR)

Cloud

Inteltigent policy ~ Model
leaming modules  pool

Inference engine

Sensor modalities

Human Activity Recognition (HAR)
® Accel & gyro sensors attached to foot, shin, and thigh; EMG sensor

Sense & compute config

Mindful Al for PHW Use Cases: DynaFuse for Human
Activity Recognition (HAR)

Reflective response

Embodied Self-monitoring

Bottom-up Insights

Modality-aware
sensing qualty

Network strength

Model confidence

Sense & compute config.

attached to front thighs

https://duttgroup.ics.uci.edu/

Top-down Insights

Contextual information

System goals

User demands
(QoS/QoE)

Modality-aware fusion and model selection

Sense-compute
Co-optimization
Goal-driven  Hybnid Attention

model - Action
selection Refeckie

Decision Enforcer

Action validator
System (RS) f§ recomm.

Runtime Automatic Seﬂ_storwuee
fusion System (AS) Lo it

re-weighting

Automatic Response



Acsomns Syssem (A3)

p 22NN
ESWEEK/CODES+ISSS 2023 v

DynaFuse: Efficient inference for
Human Activity Recognition (HAR)

e  Automatic System (AS):
o  Runtime fusion reweighting — Hybrid
Attention in AS
o  Reflective System (RS):
o  Goal-driven model selection — Reflective
response path
e Sense-Compute Co-optimization:
o  Modality-aware fusion and model switching
— Model confidence + System goals +
Contextual information
e  Main Adaptation:
o  Resource & sensing-aware fusion for efficient
edge inference

@&*x ICCAD 2025, to appear

Cloud Sense & compute config.

Mindful Al for PHW Use Cases: DynaFuse for Human
Activity Recognition (HAR)

Reflective response

Inteltigent policy ~ Model
leaming modules  pool

Modality-aware fusion and model selection

Embodied Self-monitoring
Sense-compute
Bottom-up Insights Top-down Insights Co-optimization
Edge * Goal-driven  Hybrid Attention Dexision Enforcer
Modality-aware
Contextual information model "
Inference engine sensing qualty selection Reflective Action TSR
System (RS)  f recomm.
Network strength System goals
Runtime Automatic Sense/Compute
action executer
Modal cocd User demands ’“f";'"u System (AS)
Device (QoS/Q0E) re-weighting
Sonsormodeliies Sense & compute contig
Automatic Response

Human Activity Recognition (HAR)

® Accel & gyro sensors attached to foot, shin, and thigh; EMG sensor

attached to front thighs

https://duttgroup.ics.uci.edu/
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DynaFuse: Efficient inference for
Human Activity Recognition (HAR)

xgw\\

Automatic System (AS):

o

Runtime fusion reweighting — Hybrid
Attention in AS

Reflective System (RS):

o

Goal-driven model selection — Reflective
response path

Sense-Compute Co-optimization:

o

Modality-aware fusion and model switching
— Model confidence + System goals +
Contextual information

Main Adaptation:

o

Resource & sensing-aware fusion for efficient
edge inference

ICCAD 2025, to appear

Mindful Al for PHW Use Cases: DynaFuse for Human
Activity Recognition (HAR)

Cloud Sense & compute config.
Reflective response
Inteltigent policy ~ Model
leaming modules  pool Modality-aware fusion and model selection
Embodied Self-monitoring
Bottom-up Insights Top-down Insights Co-optimization
Edge T Goal-driven  Hybrid Attention Dexision Enforcer
ity-aware
Contextual information model - Aclion
Inference engine ensing quality selection Rsm?;s) ) Action validator
Network strength System goals
Runtime Automatic Sense/Compute
action executer
S User demands lufbn System (AS)
Device confidence (QOS/Q0E) re-weighting
Sensocmodailes Sense & compute config.
Automatic Response

Human Activity Recognition (HAR) Results
® Accel & gyro sensors attached to foot, shin, and thigh; EMG sensor
attached to front thighs
e Average 22% accuracy gain with 34% energy saving

compared to baseline

https://duttgroup.ics.uci.edu/ 76



Mindful Al for PHW Use Case: EA? for stress monitoring

ISPLED 2024

Cloud

Intelligent policy ~ Model
leaming modules  pool

Sense & compute config,
Reflective response

Dynamic sensing + selective querying

Embodied Self-monitoring -
2 = = ense-compute
EAZ: Active learning on wearables — T Goupimision
Edge P ‘ RL-based  Hybrid Atiention Decision Enforcer
= = ] . Contextual information policy Refloctive Action ‘ )
for personalized stress monitoring i rgos iaring er ekl
Network strength System goals ig """‘1"" m
Device Model confidence “?"Q’,,"“'“s Qoaé';” ‘conkgl S
Sensor modalities

Sense & compute config.
Automatic Response

Personalized stress monitoring
e Context-aware sensing and labeling

(«g%‘x ICCAD 2025, to appear https://duttgroup.ics.uci.edu/

Images from Gemini 77



: EAZ? for stress monitoring

Mindful Al for PHW Use Case:

Cloud Sense & compute config,
Reflective response
Dynamic sensing + selective querying

0 Q =
p— : c
ISPLED 202 == " "\ Iteigen polcy Mo
leaming modules  pool
Embodied Self-monitoring -
H H ense-compute
EAZ: Active learning on wearables - oo s oo e e
H = = mwm Contextual information RL.b:: od D""Aﬂ.vnbﬂﬂ i
for personalized stress monitoring SN ===l i st
Network strength System goals , ) -
— | e (= e
e  Automatic System (AS): Device o conkdence (QoSI00E) control
o Signal-driven sensing control — Modality- OT— S
aware sensing quality + Automatic Automatic Response
Response
e Reflective System (RS):
Personalized stress monitoring

RL-based policy learning — Intelligent
policy learning modules

Sense-Compute Co-optimization:
Dynamic sensing + selective querying —

Sense & compute config. (Device — Edge

<> Cloud)

e  Main Adaptation:
Energy-aware active learning across device-

edge-cloud
https://duttgroup.ics.uci.edu/ Images from Gemini

@]
e Context-aware sensing and labeling

[ ]
(0]

(e]

78
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EAZ% Active learning on wearables
for personalized stress monitoring

Automatic System (AS):
o  Signal-driven sensing control — Modality-

aware sensing quality + Automatic

Response

Reflective System (RS):

o  RL-based policy learning — Intelligent

policy learning modules
Sense-Compute Co-optimization:

o  Dynamic sensing + selective querying —
Sense & compute config. (Device — Edge
<> Cloud)

Main Adaptation:

o  Energy-aware active learning across device-
edge-cloud

ICCAD 2025, to appear

Cloud

Sense & compute config,
Intelligent policy ~ Model

Reflective response
leaming modules  pool

Embodied Self-monitoring

Dynamic sensing + selective querying

Bottom-up Insights Top-down Insights
Edge
~ RL-based
S —— Contextual information policy
Inference engine sening qually Noirni
learning
Network strength System goals
ignal-drive:
User demands sensing
Device Model confidence

(QoS/QoE)

control
Sensor modaiities

Sense-compute

Co-optimization

Hybrid Attention
Reflective
System (RS)
System (AS)

Action

recomm.
R

Decision Enforcer
Action validator

Sense/Compute
action executer

Sense & compute config,

Automatic Response

Personalized stress monitoring Results
e Context-aware sensing and labeling
[ J

sensing

querying

https://duttgroup.ics.uci.edu/

Images from Gemini

76% reduction in sensing events vs. continuous

88% higher labeled samples vs. selective sensing &

79



Mindful Al for PHW Use Cases: ISCA: Wearable

healthcare for pain assessment
=00 == r'ae 1

\-/. ’ Cloud Sense & compute config o
eflective response
IEEE Design & Test 2025 intagan potcy | Model
4 K leaming modules ool Modality-aware fusion and model selection
Embodied Self-monitoring
Sense-compute
Bottom-up Insights Top-down Insights Eoontanaaion

ISCA: Wearable healthcare for EE o | R ] D B

model
. Reflective Action .
Infe lection
nference engino select m(RS) ] recomm, Action vaiidator
: —_—

.
pain assessment i i Shien g ol I Sense/Campute
User demands fusion System (AS) Selon Sameey

Device Model confidence (QoS/QoE) re-woighting

Sensor o Sense & compute config

Automatic Response

Pain Assessment
® Pain monitoring using ECG, EMG, and EDA signals, tested across
WiFi, 4G, 3G networks with varying noise levels (0-50%).

“igéx ICCAD 2025, to appear https://duttgroup.ics.uci.edu/ Images from Gemini 80



Mindful Al for PHW Use Cases: ISCA: Wearable

healthcare for pain assessment

~

S SR == f i
= \/@ = a, Cloud Sense & compute config,
IEEE Design & Test 2025 5 ' e — Refocive resporse

leaming modules  pool Modality-aware fusion and model selection
Embodied Self-monitoring S
ISCA W bl h Ith f - Bottom-up Insights Top-down Insights v ‘Mmmm
. vwearabile neailtncare 1or . odaiy-aware contoxttomaton ) || * model . (remmmmm—— S
. Inference engino selection @. Action validator
pain assessment — =k semoaroe
Device (QoS/QoE) ro-woightin,
e  Automatic System (AS): Sensor modaities ——
o Kernelffeature switching — A
Sense/Compute action executer
e  Reflective System (RS):
o History-based performance modeling — Pain Assessment
Embodied self-monitoring + System ® Pain monitoring using ECG, EMG, and EDA signals, tested across
goals WiFi, 4G, 3G networks with varying noise levels (0-50%).

e  Sense-Compute Co-optimization:
o  Adaptive kernel + feature scaling — Sense
& compute config.
e  Main Adaptation:
o) Resilient mobile health inference via
lightweight runtime adaptation

kigéx ICCAD 2025, to appear https://duttgroup.ics.uci.edu/ Images from Gemini 81



Mindful Al for PHW Use Cases: ISCA: Wearable

healthcare for pain assessment

~

S SR == f i
= \/@ = a, Cloud Sense & compute config,
IEEE Design & Test 2025 5 ' e — Refocive resporse

leaming modules ool Modality-aware fusion and model selection
Embodied Self-monitoring S
ISCA: Wearable healthcare for = e N | B
_ " ¢ — Contexvalinfomaton |l ection g At e
aln assessmen s i Shien g P SensalCongute
P — o el | W commescs
e  Automatic System (AS): Sensor modaities ——
o  Kernelffeature switching — i
Sense/Compute action executer
e  Reflective System (RS):
o  History-based performance modeling — Pain Assessment Results
Embodied self-monitoring + System ® Pain monitoring using ECG, EMG, and EDA signals, tested across
goals WiFi, 4G, 3G networks with varying noise levels (0-50%).
*  Sense-Compute Co-optimization: e 23% increased accuracy over noisy baseline

o  Adaptive kernel + feature scaling — Sense
& compute config.
e  Main Adaptation:
o) Resilient mobile health inference via
lightweight runtime adaptation

e 42% energy saved over SOTA

\ géx ICCAD 2025, to appear https://duttgroup.ics.uci.edu/ Images from Gemini 82



Computational Cogzgg
Exemplar Cross-Layer CCI Projects (2012-)

CPHS: Cyber-Physical Human Systems

CCI: biolo¢

CPHS: Chips Platforms Humans System-of-Systems

Q Explicit 1y « CPSoC - adapting to process variability for nanoscale SoCs
+ Adaptive Resource Management — for microarchitectures
Q Comput - Adaptive Memory Hierarchy Management
goal ma « Adaptive datacenter resource management
0 Use C” * Healthcare loT: Sensor-Edge-Cloud Adaptivity

*  Mindful Al for Personal Health and Wellbeing (PHW)

I « AV Systems: adaptivity for end-to-end pipelines
+ Coordinated distributed autonomy: truck platooning
* Runtime verification: proactive detection of failures

https://duttgroup.ics.uci.edu/ 83



Computational Cogzgg
Exemplar Cross-Layer CCI Projects (2012-)

CPHS: Cyber-Physical Human Systems

 Cross-layer Self-Awareness with Mindful Al
o Self-Models across different abstraction levels
o Enables CCI principles to be applied across the hierarchy

o Mindful Al: Combine reflection (long horizon planning)
with fast reactive decision loops

N
& https://duttgroup.ics.uci.edu/ 84




Key Takeaway 1: CCIl for CPHS

Cyber-Physical Human Systems (CPHS):
e Small-scale IoT to large system-of-systems
o  Diverse verticals with varying goals and constraints

e Impossible to capture behavioral design space Smart
o  State space explosion via cross-product of behaviors

bugs, failures,.. (T, Infra-
I structure

o  Unforseen/emergent behaviors from over/under specification, EW' R fual.m,,l.mam. " | EEE
<ig ;JW‘ ™ Inty

Manufacturina ol sonsing

Can we exploit Computational Cognitive Intelllgence
(CCI) Principles for Adaptivity and Resilience?

e Apriori design-time models insufficient for dynamism

[Courtesy Fadi Kurdahi]

- https://duttgroup.ics.uci.edu/ 85



Cross-layer sensing/actuation
Self-modeling and introspection
Control/coordination of emergent behaviors

Computational SA: Observe-Reflect-Decide-Act

& https://duttgroup.ics.uci.edu/ 86



Self-awareness: Do we have room for reflection?

Systems actuations happen at different timescales

Task DVFS
mapping
Which core executes a task? What's the next frequency?  Should | preempt a task ?
(100’s — 10’'s ms) (10's ms — 10’s us) (<1 us)
Coarse_r grained Finer grained
actuation actuation

e Some actuations happen quickly with little room for reasoning

e Other actuations can occur on larger timescales
O  Task mapping, Wear-leveling (for aging)....

— https://duttgroup.ics.uci.edu/ 87



Self-awareness: Do we have room for reflection?

Systems actuations happen at different timescales

Task DVFS
mapping
Which core executes a task? What's the next frequency?  Should | preempt a task ?
(100’s — 10’'s ms) (10's ms — 10’s us) (<1 us)
Coarse_r grained Finer grained
actuation actuation

e Some actuations happen quickly with little room for reasoning
e Other actuations can occur on larger timescales

Use Reflection Judiciously!

S
LIPS /7TUUigroup.Ivs. uc.oau/ 88



Growing use of Mindful Al

Welcome to SASO 2019!

The 15th IEEE Inty
2019) is held in Un
Self* Systems (FAS
International Cof

SelPhyS 2024
Self-Awareness in Cyber-Physical Systems

February 22-23, 2024 - San Dieg

oo, Calfornia,

Q

@9 ACSOS 2025  vinzssoianver - s

er 2025 Tokyo, Japar

20th International Confere
Software Engineering for #  Atending-  Sponsorng ACS0S 2025 Program - Tracks - Organizaton - Q¢
Self-Managing Systems

6th IEEE International Conference on
Autonomic Computing and Self-
Organizing Systems - ACSOS 2025

We are happy to announce that the sixth edition of the IEEE International
Conference on Autonomic Computing and Self-Organizing Systems (ACSOS) will

&‘ = https://duttgroup.ics.uci.edu/ ™" Dutt Kesearch Group
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Growing use of Mindful Al

Modeling Al systems on dual-process theories
of human cognition can improve their ability to
flexibly handle diverse tasks.

BY FABIANO, 8.
ANDREA LOREGGIA, NICHOLAS MATTEI,
KEERTHIRAM MURUGESAN, VISHAL PALLAGANI,
ROSSI, BIPLAV AND K. BRENT VENABLE

Thinking
Fast and

Wel SASO 2019! Slow in

e Human and

Machine rianning with Reasoning using Vision Language

Self* Systems (FAS
International Cof
Intellige /o Mode!
g Delong Chen*, Théo Moutakanni®, Willy Chung, Yejin Bang, Ziwei Ji, Allen Bolourchi, Pascale Fung

SelPhyS 2024 Meta FAIR

“Joint first author

Self-Awareness in Cyber-Physical Systems
February 22-23, 2024 - San Diego State University, San Diego, Calfornia Effective planning requires strong world models, but high-level world models that can understand and
i reason about actions with semantic and temporal abstraction remain largely underdeveloped. We
introduce the Vision Language World Model (VLWM), a foundation model trained for language-based
world modeling on natural videos. Given visual observations, the VLWM first infers the overall goal
achievements then predicts a trajectory composed of interleaved actions and world state changes. Those
targets are extracted by iterative LLM SELF-REFINE conditioned on compressed future observations
ar 2025 Tokyo, Japar Tepresented by TREE OF CAPTIONS.

& ACSOS 2025

The VLWM learns both an action policy and a dynamics model,

20th International Confere = z \\'l-lit"h'rna[xq'(-ti}‘f-])‘ facilitates reactive syst: .1 pllan‘ ding and reflecti ,*f -2 planning via .cost

: . Attending ~ 2025 Program - Tracks - Organization~ Q& minimization. The cost evaluates the semantic distance between the hypothetical future states given
Software Englneerlng for / bkl s ciuii SRS bt by VLWM roll-outs and the expected goal state, and is measured by a critic model that we trained in
Se|f-Managing Systems a self-supervised manner. The VLWM achieves state-of-the-art Visual Planning for Assistance (VPA)

performance on both benchmark evaluations and our proposed P1 ARENA human evaluations,
27¢ %

: where system-2 improves the Elo score by +27% upon system-1. The VLWM models also outperforms
2tht IEEE Intgrnatlo:lal Corgesrelr;ce on strong VLM baselines on RoboVQA and WorldPrediction benchmark.
utonomic Computing and Self-
Organizing Systems - ACSOS 2025 Dace:; Soptember 02025

Correspondence: Delong Chen delong®meta.com, Pascale Fung pascalefung®@meta.com 00 Meta

We are happy to announce that the sixth edition of the IEEE International
Conference on Autonomic Computing and Self-Organizing Systems (ACSOS) will
take place in Tokyo, Japan from September 28th to October 03rd, 2025.

https://duttgroup.ics.uci.edu/ putt Kesearch Group
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Mindful Al & Cross-Layer CCIl: Challenges/Opportunities §

. Security and Privacy for Highly Dynamic/Adaptive CPHS
- System models learn and evolve: moving targets!
- Can we exploit principled CCI concepts?

. Safety & Predictability

- Can RV help? Monitor/detect/bound emergent behaviors?
- Safety engineering meets ML!

. Trustworthy Al for CHPS

- GenAl 1n digital twins?
- Predictable, supervisory layer? Contain deployment? Overheads?

Towards “Mindful AI”
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