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Agentic Al for Smart Mobility

Smart mobility encompasses a broad spectrum of systems, services, and
business models that collectively aim to address diverse end-user needs
while advancing the broader goals of society and environmental
sustainability. It integrates advanced technologies such as softwarization,
artificial intelligence, connectivity, and electrification, together with
innovative economic paradigms including the digital economy,
servitization, sharing economy, gig economy, experience economy, and
circular economy. The emergence of agentic Al represents a paradigm
shift in how intelligent systems perceive, reason, and act within dynamic,
real-world environments. Powered by large reasoning models, structured
memory, and integrated toolkits, Al agents are increasingly capable of
multi-step reasoning and collaborative behavior, creating transformative
opportunities across multiple domains, including smart mobility. This talk
highlights potential applications of agentic Al in smart mobility systems
and services, such as personalized trip planning, frictionless parking,
seamless Umrah experiences, automated driving, adaptive traffic
management, road safety, and last-mile delivery. These scenarios
illustrate how agentic Al can enable context-aware, personalized, and
efficient mobility solutions.
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Dr. Alaa Khamis

Dr. Alaa Khamis is an Associate Professor in the Department of
Industrial and Systems Engineering and Director of the Al for
Smart Mobility Lab at the Interdisciplinary Research Center for
Smart Mobility and Logistics, King Fahd University of Petroleum
and Minerals (KFUPM). Before joining KFUPM, he was the Al
and Smart Mobility Technical Leader at General Motors. He also
serves as an Adjunct Professor at the University of Toronto and
Ontario Tech University. Dr. Khamis has authored three books
and over 190 scientific papers in refereed journals and
conferences, and holds 72 U.S. patents, trade secrets, and
defensive publications. He is the author of Smart Mobility:
Exploring Foundational Technologies and Wider Impacts and
Optimization Algorithms: Al Techniques for Design, Planning, and
Control Problems. His research focuses on the intersection of Al
and mobility systems, services, and business models, addressing
challenges such as seamless integrated mobility, contextual
observability in software-defined vehicles (SDVs), and
optimization in mobility, logistics, and infrastructure. He is the
recipient of the 2018 IEEE Member and Geographic Activities
(MGA) Achievement Award, the Best Paper Award at the 2023
IEEE International Conference on Smart Mobility, the 2022—-2024
GM Ceritical Talent Award, and first place in the 2025 Sustainable
Solutions for Pilgrims Challenge.
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Mission
» Our mission is to advansmart mobility as a transformative enablesatainable

development

» Our research focuses on thersection of Al and mobility systems, services and

business models
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Smart Mobility
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I Smart Mobility

ADisruptive Mobility Platforms ~ ASeamless Integrated Mobility (SIMS)
AShared Mobility AlLastmile Delivery
AMobility-asa-ServiceNlaa$ AVenhicleasaService\(aa$

AMobility on Demand (MOD) AGig Economy and Passenger Econo

Alntelligent Infrastructure AMicro-mobility

AConnected Mobility AActive, Soft or Zerampact Mobility
AAutomated Mobility Alnclusive Mobility

AE-Mobility AContext Awareness Systems (CAS)

Smart
Mobility

Enablers

Apress

Foundational
Technologies
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I Ongoing Projects

SDV CONTEXTUA
OBSERVABILITY

LAST MILE
DELIVERY

ATi tQoenit ext ual Obseryv
Defined Vehicl es

AObj ecDedweel:op a testhbh
defined vehicle (SD

ACol | abdrRa&t iSML: and a
NGOs and Suppliers

A Title: SmartDispatchAl-driven Optimization
for Eco-Efficient LastMile Delivery

A Objective: Develop an Adriven routing model
for ecoefficient lastmile delivery.

A Collaboration: IRC SML KFUPM
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ithe: tA tic Atbased Framework
SEAMLESS INTEGRATED St geatic &

MOBILITY for SIM

AQbjedive: Develop as a unified

a |platipringhatintegrases multimgdal
transportation options.

A Collaboration: RCRC, MIT, VTTI

A Title: Enabling Cybersecurity
Adaptation in Software Architecture
Objective: Whatif architecture
analysis of existing software systel
with poor or no records of
architectural decisions.

A Collaboration: UAB, Chile



I Collaboration & Facilities

Institute of

Technology 9::‘::‘::":1': TRANSPORTATION INSTITUTE

III-- Massachusetts JTL T 1T )))
wﬂwmushmw

UNIVERSITY OF " . ) Universidad
_.a:_ TORONTO OntarioTech @ Andreés Bello-

UNIVERSITY

N cOoXConNn © Pl R/

MAXNERVA CTAG LIDAR i

CAMERA /

For More information
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Motivating Scenarios




Moti vating Scenari os

0
s €
g s
L
53

<<
R o

ChatGPT

User query: Write a systematic review paper about smart mobility

Response: Frankenstein Paper

Researcher

11



I Motivating Scenarios

A Specify A Highlight strengths and limitation
databases/search A Synthesize and rank findings by
engines relevance, recency, authority

A Keywords A Create taxonomies

A Inclusion and

) o A Identify gaps and future directions
exclusion criteria

Write a systematic review
paper about smart mobility

Interaction/
Orchestration
Agent

A Draft structured outline to be
reviewed by the editor

A Generate the final
comprehensive paper with
inline citations and complete
reference section

A Review coherence.
coverage., and

Eallmg(;l";apcrs: . .
Agents4Science 2025 Cltatlolnt

completeness
e P Writing Agent

A Perform or request
fixes from the writer

Editing Agent

= ot, . T 311ix1 ABCS
ACENB D~ B

B
=I5
g8
Lo
53

<
R o

12



© Alaa Khamis

=
[
=)
[
A4
0
I\
=}
39

Moti vating Scenari os
AGot an Al Assistant?
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Motivating Scenarios
AGot an Al Assistant?

E Al aa

s FIGURE

NVIDIA.

Microsoft
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Figure Helixhttps://www.youtube.com/watch?v=3¥QHYNXPws
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What is Agentic Al?
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The Alphabet Soup of Al
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Artificial Intelligence Machine Learning Neural Networks Deep Learning Generative Al
Any t echni guEhs abilithtalearn A highly simplified DL enables learning Generative Al focuses
enabl es ¢ o mpfom expesendemand computational representations of data on models that can
mi mi ¢ a nd/ olservations without model of the with multiple levels of generate new content,
augment bi o lexplgit poogrdamming biological brain abstraction using deep like images, text, or
I nteltogemnicreg designed for neural networks. audio. Examples,
perception, pattern recognition Examples: Generative Adversarial
automation, reasoning, and feature Convolutional neural Networks (GANs) and
and denaksingn extraction network (CNN), Long Transformers.

shortterm memory
(LSTM), Autoencoders
and Transformers

16
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| The Alphabet Soup of Al

/tveA/TramefmefS / GPT-5 ChatGPT  Multimodal GPT Al Agents

Generative Al An example of a Large Language Generative Pre An advanced A specific v er s i olmtelligeht
focuses on technology used in| Models (LLMs) focus trained LLMs, built on application of t h e GP Tconnection
models that can = generative Al. Itis | on processing and Transformers transformer GPT-5, model , | | between
generate new a revolutionary generating human (GPT) is a specific architecture, optimized for GP#o, t h aedasoning
content, like deep learning like text. Examples: subset of trained on vast | | conversational | pr oc e s s e and actiod
images, text, or architecture Bidirectional Encoder| Generative Al that datasets to Al and generates Dbotl
audio. Examples, introduced by Representations from uses transformers | generate human | interactiveuse. t e xt and Vi S U:é
Generative Google in 2017 Transformers for text generation, like responses. Il nput s,

Adversarial that allows models (BERT) and functioning a:
Networks to understand and Generative Pre a Vision Large
(GANs) and generate language trained Transformer Model (VLM).
Transformers. efficiently. (GPT).

17



he Alphabet Soup of Al

2022 2023 2024 /2025

Multimodal
ChatGPT GPT

Al Agents
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| What is Al Agent?
» LLM/LRM -based Al Agents

1. Goaloriented

2. Autonomous

3. Connects reasoning and action

4. Achieve contextually intelligent outcomes

Alaa KhamispAgentic Al Systems: Architecture and Evaluation Using a Frictionless Parking HeEEaAccess, Voll3 2025 22
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I What 1 s
» Agentic Workflow
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Prompt Template

Natural Language Input

Domain - specific "
or Generic LLM

&+ o%-
_____.____..- -
t=1

Reason + Plan + Action

Back-end

JSON response

o

Airline reservation

system (ARS)

Tool -use

“aand Webhqgoks

May 30, 2025

05:00 AM
DMM
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Internatianal Airport

May 30, 2025
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DOH

Hamad International
Airport
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What is Al Agent?

» Design Patterns: Basic Responder Agency Level
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Query

Please suggest recent books on smart mobility

User

Here is a list of suggested books

1. Smart Mobility: Using Technology to Improyve
m Transportation in Smart Citi@®24

2. Transportation Mobility in Smart Citi2624

3. Smart Mobility and Intelligent Transportation
Systems for Commercial and Hazardous

I
1 VehiclesZ024
' 4. Smart Mobility: Recent Advances, New
i l Perspectives and ApplicatioP@23
3 n h u b Ol | 5. Smart Mobility: Exploring Foundational
e—— — — e ] Technologies and Wider Impa&82)

Model Response

24
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What 1 s Al Agent ?

» Design Patterns: Router Pattern Agency L

Query o
————————————
‘ Generate an image of a camel

crossing a desert highway

I
I
- i a‘) P
User l osJ (MODEL|

DALL-E 3

Image generation
using DALL -E 3/VLM
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LLM Route -1 e L > LLM Route -2

LLM Response 25



What is Al Agent?

© Alaa Khamis
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ZDesign Patterns: Refl ecti on Pat AgencyLlevel
‘ Query )
——I-———I-———-b————hl
User- I
|
= 1
Response =] «. :
«\\ .

Reflected output =1, _ N m iiiiiiiiiii

T GAEq |T_ =] Initial output

_— e — — .— — —— —a—
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LLM (Reflect) 26



| What is Al Agent?

» Design Patterns: Tool

Query
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Calling

Action: Tool calling

- — — — — — o — e —
|
|
Response - T -
:  {G3
| Ve =S
'
i A APIs
A Result A Browser
—— — — — — A Vector DB

A Local file system

A Optimization
Solver

A

(4

A

Agency Level
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) Confirm sending the
OO0 notifications

—
Tool use

LLM read and
sort emails
and send OO0
notifications

27
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| What is Al Agent?

» Design Pattern: Multi-agent Pattern Agency Level
Query A

Manager Agent
Response
i -
i Sub-agent <. . Sub- agent
' NS 1 Cooperation Patterns:
% Collaboration A Augmentative Cooperation

—_———— e_— — — ——-—

————r—— g ——
———— = —

A Integrative Cooperation

Sub-agent . @0 T it A Debative Cooperation

-

28
Alaa KhamisAgentic Al Systems: Architecture and Evaluation Using a Frictionless Parkingo HEEEEafccess, Voll3 2025
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Al Agent Components




What is Al Agent?

» Al Agent Components

Prompt Template

Short -term memory & long -term
Memory (semantic, episodic, and
procedural)

Instructions

User query

O Agent response

Foundational model (Domain
specific or Generic, Small or
Large LLM/LRM)

I Tool use A )> QGE™ Sy T

2
N O

30



Foundational Models

> Multimodal Perception %

Vx
Foundational Model m > Reasoning Q_’F[

<S5\
R /e
> Learning eg)ﬁ
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Foundational Models

GPT-5, GPF4 (OpenAl),
' Claude 3 (Anthropic), Gemin
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Large Languag

Models (LLMs) Reasoning / Genera Multimodal (or LIRS (EEE0TIE

planning, multimodal

30B6400B+ LLM evolving) Pro (Google), Llama 3 70B
agents

parameters) (Meta)

Small Languag Llama 3 8B / 3B (Meta),
Models (SLMs) Language / Unimodal or limited Fast inference, fine  Mistral 7B (Mistral), PBi
1Bd 13B lightweight reasonin multimodal tuning, domain tasks small (Microsoft), Gemma 2
parameters) (Google), QweiTB (Alibaba)

& openAl Claude 0QLlama 3

5. Mistral Al 372 Qwen @' deepseek

< OpenRouter Jan HOllama A NOVita 32



I Foundational Models

» General LLM Training Pipeline

Classic posttraining/RLHF Reasoning RL

. Predict next worc Maximizing user utility and Think on questions wit
Obijective : o
on internet preferences objective answers

Data >10T tokens ~100K problems ~1M problems

Time months days weeks

Compute cost >$10M >$100K >$1M

Bottleneck data & compute data & evaluation RL env & hack
Examples LLaMA3 LLaMA-instruct DeepSeek R1

Credit: Yann Dubois, OpenAl 33
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Foundational Models

» General LLM Training Pipeline

Training Data: 15.9 tokens

[ » Compute: 16K H100GPUs
Parameters: 400B » Training Time: €& td ay s
SOTA Model:
LLaMA 3 400B
~ Cost: Estimated cost (Compute rental + enginee
J salaries) A E
Carbon EmisstC@@&gui valent t o:
A &Driwvinmi5l 1 ion knlameypreal gasoline car
A®Annual e mi~9 SPaosnsse fgeoym @oe hi cl es

A XTakitnghroundi p Hdtiwehears Ri yadh and London.
AP Powerd0Bnudi hofusre homnasyear 34
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I Foundational Models
» LLM Specializing Pipeline

s pect | Promping

Art of asking the model what yt Second stage of pdsiining to domain
want specific data

Data 0 ~10-100K problems
Time hours days

Compute cost O ~$10100K
Bottleneck evals data & evals

Objective

Credit: Yann Dubois, OpenAl

Iterative Refinement

-————-

very | v >
Agentic Context Engineering: Evolving Contexts for Self-Improving ——_]| » /o ; N/ BN ‘nsi 2 AR
Language Models = . Trajectory ||» nsight [l mp

—
Po— Curator
b
Qizheng Zhang'* Changran Hu 2 Shubhangi Upasani ?  Boyuan Ma? Fenglu Hong 2 Fff;;;iﬁ; r--=--====7=7=°=7% _Up_da_te ______________ >
Vamsidhar Kamanuru® Jay Rainton?® ChenWu? Mengmeng]Ji? Hanchen Li? f I
Urmish Thakker 2 James Zou ! Kunle Olukotun ! L Delta Context Items |-IL|
! Stanford University ? SambaMNova Systems, Inc. UC Berkeley * equal contribution
B qizhengz@stanford.edy, changran.husashanovasystems com Figure 4: The ACE Framework. Inspired by Dynamic Cheatsheet, ACE adopts an agentic architecture with 35

three specialized components: a Generator, a Reflector, and a Curator.


https://www.arxiv.org/pdf/2510.04618

Foundational Models

» Reasoning

System 1Fast, Intuitive

O
X

System 2Slow, Deliberate

Question: What is 48 47

System 148+ 4 =12

System2: Let me check carefully:

A 4 goes intatOten times, remaind@ér

A 4 goes int® two times.
A 10+ 2=12
A S0,48+4=12

Same output, different approach to prokdehaing

B
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L
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THE NEW YORK TIMES BESTSELLER

THINKING,
FAST..SLOW

DANIEL
KAHNEMAN

WINNER OF THE NOBEL PRIZE IN ECONOMICS

36



Foundational Models

» Reasoning

© Alaa Khamis
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THE NEW YORK TIMES BESTSELLER

TIj/I/NKING,

Systeml: Fast, Intuitive FAST .. SLOW

Text generation via Multi -step Problem Solving
n X _W r r i i n . . “[A] masterpiece . . . This is one of the greatest and most engaging collections of
e t O d p e d Ct O ReACt C h al HOf_T h O u g ht CO-I-) . C h al n Of insights into the human mind I have read.” —wiLL1aM EASTERLY, Financial Times

Continuous Thought (Coconut), Tafe
Thoughts ToT), Distilling Reasoning

DANIEL

KAHNEMAN

WINNER OF THE NOBEL PRIZE IN ECONOMICS

37



Foundational Models

» Reasoning:Progres®n Al benchmarks in the past five years

4

—

Trivia questions
80 T (TriviaQA)
B—

60 - ,
A = Graduate-level
) s STEM (GPQA)

40 4 c- S ':'-."'
Prestigious math

J/ exam (AIME) /
20 - % , /

0

>

2023 2024 2025

Al News Daily, Feld7, 2025



I Prompt Template

» Profile and Persona

Profile Contents

A Personal:Role, i.e., coding assistant, trip planner, logistics dispatcher, etc.
A Demographics:Gender, age, background

Profile Generation

A Handcrafted: Manually designed by human
A LLM generated: directed by human prompt

A Data generatedconstructed from data personas




Prompt Template

» Profile and Persona

2025 KFUPM
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Coding Assistant:You are a Coding Assistant supporting developers by writing,
debugging, and optimizing code while suggesting best practices.

Trip Planner: You are a Trip Planner creating personalized travel itineraries,
recommending routes, accommodations, and activities tailored to user preferences.

Parking Assistant:You are a Parking Assistant helping drivers find, navigate to, and
reserve the most convenient parking spots in real time.

Delivery Dispatcher:You are a Lashile Delivery Dispatcher managing and
optimizing delivery routes to ensure fast, reliable, areffaosht service.

Umrah Assistant:You are an Umrah Assistant guiding pilgrims through Umrah
rituals, logistics, and scheduling while providing spiritual and practical support.

Service BundlerYou are a Service Bundler recommending and combining
complementary services into customized packages that fit user needs. 40 I




© Alaa Khamis

=
[
>
[
X
0
I
=]
N

I Memory

A Larger amounts of information Some information may be lost over time
_ _ _ Long-term Memory
A Remain for long time/relatively permanent
Encoding
Retrieval
Rehearsal (recall/recognition)
A Limited amounts of irncorm"J‘tior‘(\Short—term/ Lost if not encoded or rehearsed v
- . : - »Forgetting
A Limited period of time Working Memory A
Attention
- x .
Perception Lost if not attended to
* Stimulus Sensory organs Sensory Memory
<
) ;
- s A The entry point for memory

(Sight, Hearing, Smell. Taste, Touch) A Each sense has a different memory store

A Very limited period of time
41
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I Memory

r'— =
| |
Memory Type | What is Stored | Human Example Agent Example - Agent l\/lemory >

Knowing that electric  Agent stores traffic ﬁ COF\JTEXT wmb@/‘”ﬂ
Facts, concepts, 2 dlem [ N T
Semantic e vehicles are allowed it regulations to g @ o &g L e
En owledae HOV lanes during pea decide if EVs can | L ****** p_TEXT N ] |
$ hours use HOV lanes G zz2zgz A
| KN‘TZ LEDGE GR:\PH
i W
- _ Remembering a past Agent 55 & [piiar |
Specific persone . trip that was £
L : carpool trip that took : AN N
Episodic experiences or delayed and avoid: 4 v\ O |
longer due to - . L CE )
events : similar routes in thi _ |
construction " ¢)
future N R
\ oNToLoGY / |
Agent executes e | ,
: Knowing how to steps to locate, |
Skills and hoso :
Procedural reserve and unlock a unlock, and guide
steps
shared scooter usage of a shared

scooter "

[Credit: T. Seale]
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I Personalized Trip Planning

. A Request Disambiguation i i
Output Guardrails o Trip Plannmg Agent
A Preference Normalization
(OutputGuardrailResult) | A compatibility Verification A You are a helpful urban mobility planning assistant.
A Provide a detailed, puktiensitfocused daily
o e Prompt itinerary within Toronto for a specific user profile
m - Template during the Christmas break.
% A Use only public or shared transport options.
£ . JSON ()] A Include specific route numbers, departure times,
@ ‘) —— < . transfer points, and estimated travel durations.
=) Query/ . Query/ c ] Recommended Itinerary
O «—> 5 » S < » Triage Agent <
Response esponse ”
: S s
QWERTYUIOP E 8 LLLL
User ASDFEGHIKL I= 2 Retrieve/ {—1} Shortterm memory &
W zxcvenwlE —_— 2 - Iong-term Memory
nE . — = update -4 E
\ — ) TTTT
Frontend 4 b . i
; ) omainspecific or
(Mobile App/Web Input Guardrails Handoff Reasoning/ Generic. Small or
App) : > ¢ planning W Large LLM/LRM Backend (e.g
(InputGuardrailResult (handoffs) o
Reservation
A ltinerary Validation System)
A Safety and Accessibility
A Transparency and Alternatives MCP/API/ gRPCcall with public/private key O>
A Ethical Consideration > If e
thical Considerations JSON response and Webhooks notification
A Styling and Readability S/AR
Natural Language Input Reason + Plan + Action Tool-use

Alaa Khamis. Agentic Al for Personalized Trip Plar202% IEEE Global Conference on Artificial Intelligence and Internet of TG@A4$a(), Marrakech, Morocco, 202544 I
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I Personalized Trip Planning

EVALUATION METRICS ACROSS MODELS (AVERAGES)

Model Response Steps Semantic  Composite 107
Time (s) Similarity Score -
GPT-4.1 11.6 8.1 0.74 0.86 © 05
GPT-4. 1-mini 13.2 7.6 0.75 0.85 g
GPT-4o0 13.3 8.2 0.69 0.82 207
GPT-40-mini 15.2 0.1 0.78 0.87 &
GPT-5 250.0 20.7 0.88 0.71 7087
GPT-5-mini 67.7 : 0.67 0.76 0.5
GPT-5-nano 107.9 238 0.90 0.79
GPT-0ss-120b 38.4 16.3 (.88 0.84 04
9 & o ~ Q& o & ©
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EVALUATION METRICS BY DISTANCE GROUP (AVERAGED ACROSS ALL & & C?“ s §
MODELS AND PERSONAS). model
Distance Group Response Steps Semantic Composite
Time (s) Similarity Score
Far 65.8 14.5 0.82 0.81
Medium 64.9 13.3 0.80 0.80
Near 63.5 12.0 0.79 0.79
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I Personalized Trip Planning

EVALUATION METRICS AVERAGED ACROSS MODELS FOR EACH PERSONA.

Persona Time Steps  Semantic Composite
(s) Similarity Score
Budget Solo Traveler 69.7 12.9 0.77 0.81
Business Executive Urban  66.1 12.8 0.81 0.83
Family Explorer 75.6 14.0 0.78 0.81
Senior Sightseer 56.7 11.6 0.76 0.81
Tech-Savvy Youngster 68.9 15.7 0.83 0.83
11
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o 0.9
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§ 061
0.5
0.4 1

Business Executive Urban

Budget Solo Traveler -
Family Explorer

Senior Sightseer

Tech Savvy Youngster
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