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Introduction

World streaming is the discipline of deciding which pieces of a game world must exist now, which can arrive later, which can be discarded, and how to make every transition correct while the player continues to move. On a modern console, fast storage makes larger and more reactive worlds possible, but raw storage bandwidth does not automatically create seamless traversal. The engine must still predict demand, package content, schedule reads, decompress data, create runtime objects, upload resources, establish dependencies, retire old data safely, and preserve a stable experience when assumptions fail.

This book treats streaming as a whole-system problem. It moves from world representation and offline packaging through scheduling, resource lifetimes, memory residency, asynchronous I/O, traversal prediction, validation, telemetry, and release readiness. The examples use generic C/C++-style structures and SDK-neutral pseudocode. They are designed to make ownership, ordering, and failure behavior visible; they are not drop-in samples for a particular licensed SDK.

The PS5's high-speed internal SSD and custom I/O architecture were designed to reduce loading barriers and allow games to stream data quickly. Sony has publicly described raw internal SSD read bandwidth of 5.5 GB/s and a custom decompressor as components of that system. Treat public specifications as architectural context, not as a guarantee that a title receives the entire theoretical rate for arbitrary small reads. Actual throughput depends on access shape, compression, queueing, resource preparation, competing work, and the game's own format. See Sony's public PS5 hardware overview and FAQ in Further Reading.

The guiding principle is simple: streaming is successful when the correct content is ready before it becomes necessary, and every resource transition remains safe when the prediction is wrong.
1. The Streaming Contract

A world-streaming system should begin with a contract, not with a read function. The contract states what must be ready before a gameplay event is allowed to depend on it, what may be substituted temporarily, and what must happen when delivery misses its deadline. If those distinctions are unclear, teams tend to solve symptoms with increasingly aggressive prefetching until the memory budget collapses or a rare traversal path exposes a missing dependency.

Define at least four readiness levels. Requested means the scheduler has accepted demand. Resident data means bytes are available in the chosen CPU-side representation. Runtime-ready means the asset has been decoded, validated, and transformed into objects usable by the engine. Visible-ready means all resources required to render or simulate it are available and correctly synchronized. These levels must not be collapsed into a single Boolean because each has different costs and failure modes. A texture can have arrived from storage but still be unavailable to a draw because its GPU resource has not been created or its upload has not completed.

For every asset class, record the condition that permits first use. A terrain tile might require vertex data, index data, material descriptors, collision data, and a minimum texture mip. A building may need a low-detail exterior mesh before its high-detail interior. An NPC may require a base skeleton and animation graph before cosmetic accessories. A sound emitter may need metadata and a short initial buffer before its full ambience set. Define these minimum sets explicitly and give them a deadline relative to expected use.

A contract also distinguishes hard requirements from graceful degradation. Collision data cannot be silently omitted while the player is moving through a region. A distant decorative mesh might temporarily use a proxy. A high-resolution material can remain unavailable while a coarse mip is shown. A gameplay-critical scripted object may need a transition gate if its required data is not yet ready. A system that marks all assets “optional” to hide errors has no meaningful readiness model.

An asset request should contain a stable identity, content version, priority, deadline or estimated time-to-use, dependency set, expected memory class, cancellation token, and owner of the request. Results should report explicit statuses such as ready, degraded, canceled, stale, corrupt, or failed. A generic failure Boolean provides too little information for telemetry and recovery.

Example: a region entrance contract

Suppose a player is approaching a dense market district. The renderer can use distant proxies until the player crosses an outer boundary. Before the inner boundary, the system must have collision, navigation links, required gameplay actors, a low-detail visual representation, and audio zones. High-resolution textures and optional crowd variants can arrive later. This should be represented as a readiness contract, not as an arbitrary number of meters from the player.

RegionDemand {
    region_id
    content_generation
    expected_use_time
    required_groups[]
    optional_groups[]
    fallback_policy
    cancellation_generation
}

The structure is illustrative. Its value is that the system can explain why a region is not ready, which content is blocking readiness, and which quality level is currently safe.

Failure analysis

The most common design failure is treating “loaded” as equivalent to “usable.” This creates race conditions between file completion, decompression, object creation, upload, and first use. Another failure is allowing a low-priority cosmetic request to consume memory needed for a mandatory collision chunk. A third is never canceling requests after the player changes direction, creating a backlog of content that is no longer useful.

The system should emit a reason when it blocks, degrades, or cancels a request. It should also record which contract condition failed. This makes a streaming hitch an explainable state transition rather than a mystery attributed to “the SSD.”

Turn readiness into executable policy

A contract becomes useful when code and tests can evaluate it without interpreting prose. Define a small readiness vocabulary for each consumer: minimum, enhanced, and complete. A region's minimum visual state might permit proxies and coarse mips; enhanced state may require detailed meshes and materials; complete state may include optional decoration. Gameplay readiness should remain a separate dimension. This prevents a visual quality target from accidentally becoming a gameplay gate or a gameplay requirement from being mislabeled optional.

A readiness report should identify the first unsatisfied condition, not just return false. For example: region=market_east, state=minimum, blocked_by=collision_tile_18, stage=decode, deadline_slack_ms=-43. This is immediately actionable. A report that says only “region not loaded” gives engineering, content, and QA teams little to work with.

Define the contract for unexpected timing too. If the player reaches a boundary before readiness, specify whether movement is briefly gated, the camera is redirected, a proxy is retained, or a transition is shown. Each option has design consequences. The worst option is an accidental behavior caused by a missing pointer or a zero-filled buffer. A controlled fallback can be tuned and tested; undefined behavior cannot.
2. World Partitioning and Spatial Cells

Partitioning defines how the continuous world is represented as pieces that can be requested, made resident, and retired independently. A spatial grid is an accessible starting point, but a purely geometric grid is rarely sufficient. Different content classes have different shapes and lifetimes: terrain naturally follows spatial tiles; a mission sequence may cross many tiles; an interior can be near a street in world coordinates but isolated behind a loading boundary; audio ambience can span a larger area than detailed geometry; and navigation connectivity may cross cell borders.

Use a world partition that expresses both spatial locality and semantic grouping. Spatial cells provide a first approximation of what a player near a point may need. Semantic regions express ownership and gameplay boundaries such as an interior, mission pocket, boss arena, or streaming island. Asset groups then capture the actual dependency sets that must be loaded together. These layers should be related in offline data rather than forced into one universal cell size.

A cell is not necessarily an asset bundle. A single cell can refer to several bundles, and a shared bundle can serve multiple cells. This separation avoids duplicating global assets in every tile. It also allows a bundle to be optimized for storage access independently of the designer's spatial layout. A world cell might list a coarse landscape chunk, collision tile, navigation patch, a set of building shells, and dependencies on common materials or animation data.

Cell size is a trade-off

Very small cells improve selectivity and reduce overfetch, but increase bookkeeping, manifest size, dependency edges, request count, completion notifications, and boundary coordination. Very large cells reduce request overhead and can improve sequential access, but increase waste, latency for the first required bytes, peak residency, and the cost of cancellation. The correct granularity depends on traversal speed, content density, asset sizes, storage access pattern, and the cost to instantiate each asset class.

For example, a vehicle moving at 35 m/s covers 35 meters in one second. If a high-detail asset group takes 250 ms to become usable after request under a tested load, a purely reactive system would need to request it more than 8.75 meters before it is required just to cover the nominal delay. That estimate excludes prediction error, queueing variance, and safety margin. The equation is simple:

required_lead_distance = travel_speed × end_to_end_ready_latency

A robust system adds a margin derived from measured tail latency and uncertainty. It does not rely only on the mean. If latency has a long tail, a distance calculated from average response time will fail in exactly the crowded scenes where streaming is hardest.

Overlapping rings and readiness zones

Many engines use nested demand zones: near, middle, and far. The near zone contains assets needed at high fidelity now. The middle zone contains likely next-use assets and transition prerequisites. The far zone contains proxies, coarse terrain, or lightweight state. Zones need not align perfectly with geometric rings, and their radii should not be treated as universal constants. Speed, direction, camera, interior boundaries, and fast-travel capability all affect demand.

Give each

Boundaries and ownership


Practical cell descriptor

CellDescriptor {
    cell_id
    bounds
    semantic_region_id
    bundle_ids[]
    required_asset_groups[]
    optional_asset_groups[]
    neighbor_ids[]
    priority_profile
    content_hash
}


Choosing boundaries from workload traces
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