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What the Three Tiers Specify

Tier 1 — passive markers — are unpowered devices holding authority-credentialed
stored data. RFID studs at lane edges, optical fiducials at intersection corners, NFC
tags at custody-perimeter boundaries. They cost cents to dollars, install in seconds,

last for years, and read with off-the-shelf interfaces.

Tier 2 — active sentinels — are powered devices producing live observations. Traffic
signals broadcasting current state, gantries broadcasting toll-zone parameters, port
apparatus broadcasting berth occupancy, harbor approach systems broadcasting

weather and traffic.

Tier 3 — cognitive infrastructure agents — are full computational agents installed at
infrastructure scale. They aggregate observations, forward broadcasts on behalf of
Tier 1 and 2 devices in their region, accept queries, and produce composite

observations spanning the region's state.

Why Tier Independence Is the Deployment
Property

Smart-infrastructure deployments have historically been all-or-nothing. Smart-city

programs require the full software-and-hardware stack in place before any benefit
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emerges. Smart-road programs require dense V2I coverage before fleet integration
becomes worthwhile. The all-or-nothing pattern produces deployment cycles

measured in decades.

Three-tier independence changes the dynamic. A region can deploy Tier 1 markers
alone for static-authority benefit (lane edges, hazard zones, jurisdictional
boundaries). Adding Tier 2 sentinels gains live attestation. Adding Tier 3 agents gains

composition and query. Each tier adds value without requiring the next.

How the Tiers Compose

Operating units adapt to whichever tier is present. A unit in a Tier-1-only region
operates with static-authority observations. A unit in a Tier-1-plus-Tier-2 region
operates with both static and live observations. A unit in a fully-equipped region

operates with composite observations and active query support.

Cross-tier handoff is structurally clean. As a unit moves between regions of different
infrastructure density, the authority basis adjusts. The operating mode reflects the

available tier set; the unit's confidence-governed actuation modes adjust accordingly.

What This Enables for Incremental Deployment

The chicken-and-egg deployment problem that has stalled V2I for two decades
dissolves under three-tier independence. Cities deploy Tier 1 markers as cost-effective
lane-edge improvements; corridors add Tier 2 sentinels at intersections; high-priority
regions add Tier 3 agents for dense coverage. Each step provides value; the

cumulative deployment grows with demand.

The architecture also supports operator economics. Tier 1 markers are cents per unit;
Tier 2 sentinels are commodity industrial electronics; Tier 3 agents are specialized
but bounded. The deployment cost scales with the value gained at each tier rather

than concentrating at a single uneconomic threshold.






