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The Next Wave

(Autonomous)

Agentic Al, Generative
planning, Spatial Intelligence,
direct Physical Al actuation.

Stage 2

The Predictive Era
(Analytical)

Machine Learning networks,

forecasting traffic, anomaly

detection.
Stage 1

Smart Cities 1.0

(Reactive)

Basic loT, data collection,
dashboard visualization.
Static sensor nodes.

The Challenge

Software development operates
on exponential curves; physical
infrastructure operates on linear

timelines. We are approaching
a critical bottleneck.




Generative Al

Capabilities and Constraints

|

] | Function

i
‘ Urban Application I Infrastructure Demand lln

Synthesizing
complex data.

Fdl

| SR =

| Dynamic scenario

generation for urban
planning and zoning. ,

I High-throughput
centralized compute.

== O

o000 l .‘

l

y

‘ Goal-oriented

— =3 |

Optimizing traffic flow, |

l Distributed edge computeé,”

. autonomous decision coordinating emergency real-time data ingestion,
Agentic Al making and planning. response, and managing and secure, low-latency
‘ Lo | city-wide logistics. ~a | communication. )
[ . : a0 = High-power edge compute,:
Y g'ﬁﬁcrtr,gﬁﬁ'sﬁtf:{iﬁﬁtg?tt'ﬁ: [ Automated infrastructure | robust and secure
Physical Al diban envi?onment bacad repair, robotic waste collection, | communication, and '

on Al decisions. e/

and autonomous construction., |

o e

dedicated physical interfaces | [|]

Spatial
Intelligence

=l

e

3D physical context
comprehension.

<y

Il

Real-time Digital Twin
synchronization and
spatial mapping.

Q

OO

AT |

Ubiquitous multi-modal
sensory arrays (LIDAR,

vision, acoustic). =
(®) |

_
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The Infrastructure Shift

il Current Smart City Al

i . Compute Location:
Centralized Cloud

« Latency Tolerance: Seconds to Minutes |

(Dashboard updates)

{ll - Data Modality: Tabular loT
telemetry

 System Output: Human-read alerts
and predictions

Next Wave Urban Al

- Compute Location:
" Distributed Edge & Fog

e Latency Tolerance: Sub- mllllseconds B
(Autonomous actuation) :

 Data Modality: Multi- modal ' = g
hlgh fldellty Spatlal mapplng ‘&/\/J =

|| * System Output: Direct phyS|caI
[ actuation via Physical Al
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The Anatomy of
Urban Infrastructure

Top Layer (Digital): . i 1 Z.\*\

The Cognitive Brain. The Digital | _ A <>

Twin, Spatial Intelligence models, LN S\ > o o< _— 727

and Agentic decision engines. LT SFS<TEPK ' “ )
() <= T Jd

Middle Layer (Surface): ° < = e

The Nervous System. i '

Multi-modal sensor arrays, A P | 0 [l 2

physical actuators, and V2X & i PN

(Vehicle-to-Everything) ki S @ S i

communication hubs. e <@ N , AT

Base Layer (Subterranean): . Ey —

The Musculoskeletal System. f o

High-capacity fiber optics, S

decentralized micro-grids, st N %

and edge-compute bunkers. <N
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The Generative-Agentic-Physical-Spatial Loop

3

2. Synchronize

Data updates the city's Digital
Twin in real-time.

(r
1 1. Sense

| Physical infrastructure detects
a complex urban anomaly

(e g., sudden micro-climate
shift or traffic occlusion).

llllllllllllllll
........

53. Contextualize

Spatial Intelligence maps the
multi-dimensional impact of the
anomaly.

| 5. Actuate
Physical Al triggers infrastructure
response (rerouting grids,
adjusting signaling, deploying
autonomous services).

Agentic Al
formulates an
autonomous >
intervention
= | strategy.

M Gemini Notebo



The Real-World Map.

Technical

Latency constraints, edge
power consumption, sensor
degradation in harsh
physical environments.

 The Deployment Challenge I

Where the weightless
perfection of algorithms
collides with the messy

L reality of urban life. '

\\\\\\\\\\\\\\\\\

Organizational Societal
Siloed municipal N Algorithmic equity,
departments, legacy N surveillance concerns,
procurement cycles, lack NN public trust in
of cross-disciplinary - autonomous physical
engineering. actuation.
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Infrastructure as an Intelligent Substrate

The Old Paradigm:
Infrastructure hosts Al

Pipes and roads are built first; sensors
and software are bolted on later as
an afterthought.

The Next Wave:
Infrastructure IS the Al

The physical properties of the materials
and the cognitive capabilities of the
models are co-designed from day one.




Youcannotbuid L4
acognitivecity | |
without a =
nervous system.

1. Upgrade the Shift investment

physical substrate
before deploying
the cognitive
models.

7 | :I_
3. Engineer for the :“",,_,::,__l_q |-
intersection of 1 . ||} [r o
data, concrete, % | l
and society. )

* from centralized
cloud software to
distributed edge
hardware.
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