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I Al for Smart Mobility Lab: SmartMobility

DIGITAL ECONOMY SHARING ECONOMY SERVITIZATION GIG ECONOMY PASSENGER ECONOMY UNIVERSAL CIRCULAR ECONOMY
BASIC MOBILITY

MOBILITY-AS-A-SERVICE SHARED FIRST/LAST MILE LAST MILE MICRO URBAN AIR MOBILITY WATER TAXI ACTIVE BARRIER-FREE/
MOBILITY TRANSPORTATION DELIVERY MOBILITY MOBILITY INCLUSIVE MOBILITY

ﬁ FIRST  MIDDLE  LAST %E
MILE MILE MILE

o\

INTELLIGENT E-MOBILITY CONNECTED ASSISTED AND SEAMLESS INTEGRATED
e Ll Ll TRANSPORTATION SYSTEM MOBILITY AUTOMATED MOBILITY MOBILITY

Existing and emerging smart mobility systems

y: Expl orAmrgé Sporuinndgac®rd dNhaatl u rTee)c,chnol ogi es and Wi der | mpacts. S
R

Al aa Khamis. Smart Mobil
for Sustainabl 6Tlhe vicEBB memt e Gmatl ison &In20@2 &fresr emade Ban r$Smarst Mobility,

it
Al Khami s and &unaettt éMoMdll 6 k



https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=10112562

I Al for Smart Mobility Lab: Ongoing Projects

20XK&EUPM
E Al aa H

A Title: ili A Title: Agentic Atbased Framework
Title: Contextual Observability of Software SEAMLESS INTEGRATED g

Defined Vehicles MOBILITY for SIM

SDV CONTEXTUA
OBSERVABILITY

A Objective: Develop a testbed for software A Objective: Develop as a unified

defined vehicle (SDV) contextual observabili platform that integrates multimodal

_ transportation options.
A Collaboration: IRC SML and auto OEMs,

NGOs and Suppliers

A Collaboration: RCRC, MIT, VTTI

A Title: Enabli i
LAST MILE ATitle: SmartDispatchAl-driven Optimization tle: Enabling Cybersecurity

DELIVERY for Eco-Efficient LastMile Delivery

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

Adaptation in Software Architecture
Objective: Whatif architecture
analysis of existing software systel
with poor or no records of

A Collaboration: IRC SML KFUPM architectural decisions.

A Collaboration: UAB, Chile
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Motivating Scenarios

ChatGPT

User query: Write a systematic review paper about smart mobility

Response: Frankenstein Paper

Researcher




I Motivating Scenarios

A Specify
databases/search
engines

~ ‘ A Keywords
& ) Alnclusion and

exclusion criteria

Write a systematic review
paper about smart mobility

&Lillmgt;l";apcrs:
Agents4Science 2025
Conference

<«“------>
(111

- Human Reviewer/
48 Prof - reader

-

cj yTOby

31nBDNDO En%ABG

A Review coherence.
coverage., and
citation
completeness

A Perform or request
fixes from the writer

EnZEBG

A Synthesize and rank findings by
relevance, recency, authority

A Create taxonomies

Writing Agent

A Highlight strengths and limitation

A Identify gaps and future directions

+

A Runs experiments

A Modifies experiment code

+:
..... i A Report results

A Iteratively improves specific
metrics

Graphic Design Agent

niixi ABj 1y TOE
AXi bBC T1 TOE 4B
pi, hCEf 1 bOOI B h
x T~ zBI Ot GyeT
nt BBCEBT £ O1c¢cTO

ABC v G OGNWI t wni ~

A Creates visual aids

B
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Motivating Scenarios

What's the latest researc

feynman

Research

anthropic/claude-opus-4-6

feynman - advaitpaliwal

Workflows

»

»

»

»

2
N O

Research Assistant

Researcher Agenfi gather evidence
across papers, web, repos, docs

Reviewer Agentii simulated peer revie
with severitgraded feedback

Writer Agenti  structured drafts from
research notes

Verifier Agenti inline citations, source
URL verification, dead link cleanup

https://github—aicbfnéglletl



https://github.com/getcompanion-ai/feynman
https://github.com/getcompanion-ai/feynman
https://github.com/getcompanion-ai/feynman
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Moti vating Scenari os

AGot an Intent-driven Al Assistant?

ST B \
= e = | | |

Tour Guide

- o —

e (5000le

Project Astra 11 I

 hitps://www.youtube.com/watch?v#IJt8JERI


https://www.youtube.com/watch?v=hIIlJt8JERI
https://www.youtube.com/watch?v=hIIlJt8JERI
https://www.youtube.com/watch?v=hIIlJt8JERI
https://www.youtube.com/watch?v=hIIlJt8JERI
https://www.youtube.com/watch?v=hIIlJt8JERI

Motivating Scenarios
AGot andtrntvent Al Assistant?

I

. _!\*
-
G

-

Home Physical Al Assistan

s FIGURE

NVIDIA.

Microsoft

12|

Figure Helixhttps://www.youtube.com/watch?v=3¥QHYNXPws



https://www.youtube.com/watch?v=Z3yQHYNXPws
https://www.youtube.com/watch?v=Z3yQHYNXPws
https://www.youtube.com/watch?v=Z3yQHYNXPws

© Alaa Khamis

Motil vati ng Scenari os

2026KFUPM

AGot an Intent-driven Al Assistant?

|l nspecti on

Credit: Gemini RobotidsSR 1.6 Google and Bostddynamicshttps://www.youtube.com/watch?«BwxmIRyHQ


https://www.youtube.com/watch?v=kBwxmlI2yHQ
https://www.youtube.com/watch?v=kBwxmlI2yHQ
https://www.youtube.com/watch?v=kBwxmlI2yHQ
https://www.youtube.com/watch?v=kBwxmlI2yHQ

I Motivating Scenarios

AGot an Intent-driven Al Assistant?

Hu mah tnt p s :

[ [ www. youll BQWwHElogw/ wat ch?v =

»

»

»

»

»

»

»

»

»

»

»

»

»

»

»

»

»

»

»

2
N O

Task Manager

Meeting Manager

File Manager

Email Manager

Leave Manager
Expense Manager
Business Trip Manager
Policy Manager

Job Requisition Manager

Applicant Tracking
System

Interview Manager
Job Offer Manager
Payroll Manager
Onboarding Manager
Offboarding Manager
Performance Manager
Career Website

NDA Manager

Project Manager


https://www.youtube.com/watch?v=UBQWwE4BLqg
https://www.youtube.com/watch?v=UBQWwE4BLqg
https://www.youtube.com/watch?v=UBQWwE4BLqg
https://www.youtube.com/watch?v=UBQWwE4BLqg
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Moti vating Scenari os

AGot an Intent-driven Al Assistant?

Professional Financial Assiste

The FamilyOffice WealthMermaidhttps://www.youtube.com/watch?6#ZekT42 &y


https://www.youtube.com/watch?v=57tZekT427w
https://www.youtube.com/watch?v=57tZekT427w
https://www.youtube.com/watch?v=57tZekT427w
https://www.youtube.com/watch?v=57tZekT427w
https://www.youtube.com/watch?v=57tZekT427w

© Alaa Khamis

Motivating Scenarios

2026KFUPM

AGot an Intent-driven Al Assistant?

Credit: Jimmy Fall on



What is Agentic Al?
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The Alphabet Soup of Al
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Artificial Intelligence Machine Learning el wnbD” el | Deep Learning Generative Al
Any techniques that The ability to learn A highl s i Dipehabldsiearning Generative Al focus
enables computers to from experiences and comput a t i capradentations of data on model s that <can
mimic and/or observations without model of | twithenultiple levels of generate new conten
augment biological explicit programming bi ol ogi ¢ a| abdirachon using deep |l i ke I mages, text,
intelligencecovering desi gned f meural networks. audi o. Exampl es,
perception, pattern r ecoghkxanpleson Generative Adversar
automation, reasoning, and f eat uCenvolutional neural Net wor ks (GANs) and
and decisiomaking extract i onetwork (CNN), Long Transfor mer s.

shortterm memory
(LSTM), Autoencoders
and Transformers

18
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| The Alphabet Soup of Al

%1 bB C TOI[ Transformers

/ / / GPT-5 ChatGPT €t~ TO, -7 Al Agents
Generative Al An example of a Lar ge L g Generaive Pre adv an cAgpecific A version of Intelligent
focuses on technology usedinl Mo d e | s Ms ) trafnedc u s L L Ms , b u iapplicatmmof the GPT connection
models that can | generative Al.Itis | on pr o c e s s i Trapsfanmecs transf or m&PT5, model, like between
generate new a revolutionary gener at t ng (GPT) wa specific archi t ec optimizd for GPT-4o, that reasoning
content, like deep learning i ke text . E subseipfl e s| tr ai ned | aonversaisnal | processesand and action
images, text, or architecture Bi di rect i onGeheratve Al that e dat asets Aland generates both (Al
audio. Examples, introduced by Repr esent at usestransfdrmmesr gener at e imarattenuse. | textand visual | Augmented
Generative Google in”017 Tr ans f or miertext generation, | i ke responses. inputs, Intelligence)
Adversarial that allows models (BERT) and functioning as
Networks to understand and Generative Pre a Vision Large
(GANs) and generate language t r ai ned Transf or mer Model (VLM).

Transformers. efficiently. (GPT) .

19



he Alphabet Soup of Al
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2022 2024 /2025

ChatGPT

Al Agents

20



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

An Al agent is goal-oriented autonomous computational entitythat
connects reasoning and actiomsing large language models (LLMs) or Lar
Reasoning Models (LRMs), memory systems, and externalaoloisve

contextually intelligent outcomes

Al aa Khamnsi,c Al Systems: Architecture a,OIdEEEE/achaﬂ;ﬁéomS\UrsI



https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=11083588

| 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



https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=11083588

What 1 s Al Agent ?

» Intent-driven Agentic Workflow

20XK&EUPM
E Al aa

Ugiw- j Atdw hs“Z @& fi1~- h A1 10Ev|  2xndT YCEA BD,  AD, Ti
GaNeTteDaTL s hCAVIN . 2xndT &d0tf BUG AUGNS
TO B &é6TZ# OGEH _QUuBTATH v Ah TOA Tit.s TC B1- TO. B
Q@ ni- Otib T8 g hindO] 1k "N TOEn:1 CE At  TOH 1| ébtxibo,
hsZ Q% hCyéCyTOé&B TOZE &T£# 340t TOZ OOEnGAOBG ~ DaéetZEp  To
ol H Ct WCA TO éBEw, NiieCs TO. 8B xT BD,  AD ST

CNxf-~ ya@MméCAic s TO, B xT [4liN&TtEK

? t=0 t=2

Prompt Template

’ Back-end %

N\ May 30,2025 _ May 30,2025
' 05:00 AM —E 06:00 AM
' QRe157
\ DMM & DOH
@© othoem
King Fahad Hamad Intemational
Intemational Airporc Econom Kirport
JSON response " ’ "’
> @ Walting time in Doha, DOH 02h 10m

“aand Webhqgoks o —
notification’ ' ' %€ :

v 08:10 AM 03:00 PM
"\ DOH :‘m - vz
. . . 5 Hamad Intemnational © 130 50m
Airline reservation o

. Domain - specific
. eca or Generic LLM  ,*

. &+ o%
_._____.______. -
t=1 t=3

system (ARS)

Natural Language Input Reason + Plan + Action Tool -use 23
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What is Al Agent?

» Design Patterns: Basic Responder Agency Level

v v v
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Query

Please suggest recent books on smart mobility

User

1 Ci 0@ D s0QG ON @t nniNg

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
I
il VehiclesZ024
: 4. Smart Mobility: Recent Advances, New
. ! Perspectives and ApplicatioP@23
3 n h u b Ol | 5. Smart Mobility: Exploring Foundational
— — e Technologies and Wider Impa&82)
S nhibOl

24
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What 1 s Al Agent ?

» Design Patterns: Router Pattern Agency L

e

Generate an image of a camel
crossing a desert highway

I
I
I
T Ej‘) b
User l O

DALL-E 3

Image generation
using DALL -E 3/VLM

=
o
]
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=
©
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39

LLM Route -2

LLM Response 25



What 1 s Al Agent ?

2
N O

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—

[ S —

e —

LLM (Reflect) 26



| What is Al Agent?

» Design Patterns: Tool Calling

Query

‘ —_——_—— — — — — — A — —

Response

I
I
I
T
I
I
v

Action: Tool calling

— — — — — — — — A — —

+ — — - — — —

{0

Ve |

A APIs
Result A Browser

—————— A Vector DB

A Local file system
A Optimization
Solver

A

(4

A

© Alaa Khamis
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Agency Level

N N

\9)

€O” TN Ay Bt xsn 1Yy
xt HeCt Tce T~ Oibu H
Butx%DDt)gubu'Auun‘ITO‘E TGH
4

(@]

a‘ xt He Ct Tt
)

08

b

Confirm sending the
OO0 notifications

w

%"”f

+—>
Tool use

27
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| What is Al Agent?

ZDesi gn Patageernt: PRvautltteir n 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
*********** A Debative Cooperation

28
Al aa Khganu A$ Systetns: Architecture and Evaluation Using a Frictionless Parking $cenerEEE Access, Vol . 13, 2025.
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What is Al Agent?

» Al Agent Components

E Al aa

Prompt Template

nOESTGNA A1 _ é
€1 _é6Ca ho#&#AD
hCEbi1 ~WC ~~

t BC,”

Cat b
bTOcs BbD

Instructions

User query

O Agent response

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

I Tool use A )> GOE™ 8§y T

30



Foundational Models

> Multimodal Perception %

Vx
Foundational Model m > Reasoning Q_’F[

<S5\
R /e
> Learning eg)ﬁ

31
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Foundati onal Model s

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

=
[
]
L
=
©
I
=]
«

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



Foundational Models

ZGeneral LLM Training Pipeline
Training Data: 15.6T tokens

20XK&EUPM
E Al aa K

[ » Compute: 16K H100GPUs
Parameters40@ » 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

% THINKING,
Systt&Eémst , | nt Systami28lew, Deliberate FAST .. SLOW
Question: What 148+ 4? - /
S B
System 148+4 =12 System 21 et me check carefully:
DANIEL

A 4 goes into 40 ten times, remainder 8.

A 4 goes into 8 two times. KAHNEMAN

WINNER OF THE NOBEL PRIZE IN ECONOMICS

A10+2=12
A So, 48 4 = 12.

Same output, different approach to prokdehding 36



Foundati onal Model s

» Reasoning

Systeml Fast, Intuitive

3

Text generation via
next-word prediction

© Alaa Khamis
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THE NEW YORK TIMES BESTSELLER

g THINKING,

System 2Slow, Deliberate FAST .. SLOW

—
‘ | A : » . ~ \ “ |
- . WINNER OF THE NOBEL PRIZE IN ECONOMICS
Multi -step Problem Solving
. . “[A] masterpiece . . . This is one of the greatest and most engaging collections of
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.” —wi1LLIAM EASTERLY, Financial Times
)

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

37



Foundati onal Model s

» 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 & il It'-."'
Prestigious math

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

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




2026 KFUPM

Prompt Template

8
=
[}

<

B4

g
<

©

» Profile and Persona

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 Xesiatana: Parking Assistant h
and reserve the most convenient parki

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
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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 information(\Short_term/ Lost if not encoded or rehearsed v _
. : : : »Forgettin
A Limitedperiod of time Working Memory A
Attention
- s .
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 limitecperiod of time
41



https://www.manning.com/books/optimization-algorithms
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I Memory

r'— =
| |
Me mo r y |Whatis 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]



Use Cases




I Seamless Integrated Mobility

-

SIM user

9:41

< Back Select transport

Would you like to exclude a
method?

20°C

L
—
Car

=i
t

i)

'
AN
Walking

Get me the best route!

All-in-one Interface

AEnd-to-end planning
AMobility Service bundling
A Contextawareness

A Personalization

Heterogenous data

Perception + Reason + Plan sources and
+ Action models services

2
N O

v

Multimodal Transport Modes

|
A

Agentic Atbased Seamless Integrat

ed

Supporting Infrastructure

Operational Intent
> D E——

Mobility (SIM) Digital Platform

Personalized
cloud profiles

Dashboard m

Mobility Service
Provider (MSP)

ABundle creation

AOTA update
configuration

A Observability

44



© Alaa Khamis

=
o
=y
[T
7
©
o~
=}
39

I Frictionless Urban Parking

Retrieve/Update preferences ) Tool use .
> Parking Journey Agents > Toolkit
J < » Informative Search Agent
V.~
Personalized Handoff _ _
9 ' 3 Cloud Profile . Location Intelligence APIs
On Route Guidance Agent
Cueing p/,;_}\
=)
Intent: Find me an underground parking spot Access Agent -
) : : o Parking APIs
near KAFD with EV charging facilities. Interaction
< > Handoff
Agent response Agent :
Driver Micro-routing Agent O
On Roge Handoff L
& dance 3 Optimization Solvers
0@"& -
& {%. On-Spot Agent
?‘:’»% Cueing & Handoff
?%% \ Departure Agent Digital Tokens
&
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I Frictionless Urban Parking

TABLE 4. Results of the non-parametric Kruskal-Wallis H test for each
experimental factor. Boldface indicates p < .05. 0.75 commuier_saver
Factor Latency (s) Consistency
H P H P
profile 29515 0000 248775 0.000
model 309.482  0.000 28692  0.000 medium_specificity
entropy 1630 0443 13755  0.001 0.70 length /short
verbosity 254753 0000  69.197 0000 - .
complexity 185045  0.000 17797 0.000 efficient_imultitasker
specificity 119926  0.000 64388  0.000 gpt-4.1:mini
entropy low
moderate t-4o-mini
TABLE 5. Robust GLM coefficient estimates relative to the reference 1 0.65 green_pfofessional simple o
condition. Negative values indicate faster replies (delta latency less than -
0) or more stable wording (delta consistency greater than 0). Significance 2 ) entropy‘nedium
levels are marked as follows: ***p < 0.001, **p < 0.01, *p < 0.05. Q independent_elder .
k7 gpt-4.1 length \medium
& .
Level ALatency (s)  AConsistency 8 complaxh ificit entm"‘hlgh | ificit
Profiles o 0.60 §h_specificity gpido ow_specificity
creative_wanderer 0.172** —0.277%** g length/long
efficient multitasker 0.297=** —0.065%** i)
green_professional 0.206% —0.100"** I
independent_elder 0.347** —0.123"**
Model
ept-4.1 1.139%** —0.035* 0.55
gpt-4.1-mini 0.507=** 0.018**
gpt-do 0.492%=* —0.060™** -
Entropy Variable
entropy_medium —-0.032 —0.032* profile
entropy_high 0.033 0.056%** model
L”E?’bﬂ.ﬁ'fﬂ" 0.50 A entropy
length_medium 0.521%** 0.078* verbosity
length_long 0.918%** 0.105%** .
- - . complexity
Complexity creative{Wanderer e
simple 0.074%** 0.009 N specificity
complex (.689=** —(0.055%**
Specificity 4.8 4.6 4.4 4.2 4.0 3.8
low_specificity —0.08]*** —0.106%** Lower latency —
high_specificity 0,498+ —0.106°**
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I Personalized Trip Planning

A ltinerary Validation

: A Safety and Accessibilit - -
Output Guardrails v Y Trip Planning Agent
_ A Transparency and
(OutputGuardrailResult) Alternatives A You are a helpful urban mobility planning assistant.
A : : : Provide a detailed, pubtiansitfocused daily
en e A Ethical Considerations Prompt itinerary within Toronto for a specific user profile
m - A Styling and Readability Template during the Christmas break.
% A Use only public or shared transport options.
£ JSON (@) A Include specific route numbers, departure times,
’ < v . transfer points, and estimated travel durations.
O Intent/ . Query/ c Recommended Itinerary
“« > O « » Triage Agent <
Response Response 9 g .
S A 2
QWERTYUIOP E 8 Lill
User NOEEENNEGD = 2 Retrieve/ {—} Shortterm memory &
S zxcvenNuE — g - ™ L Iong-term Memory
Bl - o S = update - F
— ) TTTT
Frontend v Domai "
. : omainspecific or
(MOb"i F;App))pNV eb Input Guardrails Handoff Reasoning/ ooe] Generic, Small or
= <—.>
(InputGuardrailResult (handoffs) planning Large LLM/LRM Backend (_e.g.,
Reservation
A Request Disambiguation System)
A Preference Normalization
A Compatibility Verification MCP/API/ gRPCcall with public/private key >
I l-
JSON response and Webhooks notification .'
Natural Language Intent Reason + Plan + Action Tool-use
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Personalized Trip Planning
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