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Copyright and Technical Scope

Copyright © 2026 Imad Muratspahic. All rights reserved.

This book describes the PlayStation 2 Emotion Engine’s vector units, their data paths, and common engineering patterns. It is a systems-programming guide, not a substitute for the appropriate licensed SDK documentation, hardware manuals, assembler reference, or target-specific tests. Some code is explicitly labelled pseudocode: it communicates the algorithm and ownership contract rather than claiming to assemble unchanged under every PS2 toolchain. Even where an instruction mnemonic is familiar, syntax, assembler directives, calling conventions, and SDK interfaces can differ. Verify them against the tools actually used.




Introduction

The PlayStation 2 rewards developers who think in data flow rather than in isolated instructions. The Emotion Engine, VU0, VU1, Vector Interface units, DMA controller, Graphics Interface, and Graphics Synthesizer are specialized parts of a larger pipeline. A good microprogram is only one component of that pipeline. Its input has to be packed correctly, transferred at the right time, interpreted with the same layout, and consumed before its storage can be reused.

This book follows that path from architecture and vector data layout to microprogram scheduling, VIF commands, DMA chains, GIF output, profiling, and a worked skinning example. It emphasizes repeatable engineering methods: explicit data contracts, bounded memory use, reference implementations, measurable batch-size policies, and safe handling of incomplete work. It also separates what belongs to the hardware architecture from what belongs to a particular SDK or game engine.

The best way to use the book is as a laboratory guide. Start with a small deterministic workload, document its input and expected output, measure the complete path, and change one variable at a time. When a result changes, preserve the raw inputs and timings. Prefer a slightly slower path that is reproducible and diagnosable over a clever path whose failures cannot be explained.




How to Use the Examples

Examples use one of three labels. Conceptual pseudocode expresses a flow without asserting exact SDK calls. Host-side C illustrates asset packing, range checks, or reference calculations and can be compiled on a normal computer with ordinary adjustments. VU-style snippets illustrate scheduling and vector data flow; verify exact instruction spelling, E-bit placement, delay-slot rules, and register hazards against the VU assembler manual before building a binary. Addresses and command fields should never be copied from an example without confirming the target configuration.

All byte sizes in tables are explicit. Unless a section says otherwise, one vector register or quadword means 16 bytes, one float means 32-bit single precision, and VU local-memory addresses are discussed in quadword units where appropriate. The book uses a consistent conceptual convention for matrices: positions are column vectors multiplied by a matrix on the left. Real projects must document and test whichever convention their engine uses.
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The PS2 as a Heterogeneous Machine

The PlayStation 2 is best approached as a group of cooperating processors and specialized data paths rather than as a single CPU with an attached GPU. The Emotion Engine combines a general-purpose MIPS-derived core with vector-oriented execution resources; the Vector Units can run tightly structured operations; the Graphics Synthesizer rasterizes submitted primitives; and DMA channels move data between memory and hardware without requiring the main CPU to copy every byte. The important skill is coordination.

The machine’s strengths appear when work can be represented as a steady flow of compact data. A batch of vertices, transforms, material parameters, and indices can be prepared, moved to the relevant unit, processed, and handed onward. Performance suffers when the program repeatedly switches modes, waits on small transfers, or makes each subsystem depend on a long serial chain of results.

This architecture does not imply that every calculation belongs on a vector unit. A branch-heavy gameplay decision, a rare menu action, and a tight sequence of matrix-vector operations have different shapes. Choose a unit based on its strengths, transfer cost, and synchronization burden. Moving code to a specialist unit is useful only when the saved computation exceeds the overhead of formatting and moving its inputs and outputs.

A useful mental model is a producer-consumer graph. The CPU prepares tasks and manages state. DMA transfers task data. A VU executes a program over a defined input layout. The VIF path can unpack and deliver data into VU memory and control execution. The GS consumes geometry and state submitted through the appropriate path. Each edge has capacity and ordering rules, so the graph needs explicit buffer ownership and a schedule.

The following chapters focus on the engineering practices that make this graph reliable: microprogram design, alignment, data layouts, batch sizing, synchronization, and profiling. Exact instruction forms and SDK functions should be verified against the toolchain in use; examples below explain structure rather than claiming to be drop-in microcode.


The machine as a dependency graph

The key architecture fact is not simply that the PS2 has vector units. It is that the CPU, the vector units, DMA, VIF, GIF, and GS have different kinds of work they perform efficiently and different points at which they can block. A useful engine diagram therefore shows both compute nodes and transfers. For example:

scene / animation state
        |
        v
EE CPU: select objects, build descriptors, choose batch size
        |
        v
main-RAM staging buffer -- DMAC --> VIF1 --> VU1 local memories
                                             |
                                             v
                                        VU1 microprogram
                                             |
                                             v
                                        XGKICK / GIF
                                             |
                                             v
                                      Graphics Synthesizer

This is an illustrative flow, not a mandatory architecture. Some engines use VU0 for selected tasks, perform a portion of the transform work on the EE, send output through a different path, or interleave several batches. The purpose of the diagram is to force the designer to name each boundary. At every boundary, ask: What is the input format? How much data crosses? Who owns the source while the transfer is live? Which condition makes the destination data valid? What happens if it is late?



The CPU should orchestrate the work

The EE core is well suited to irregular control flow: animation state selection, scene traversal, culling decisions, material selection, and the creation of compact commands. A VU is well suited to regular arithmetic over a known structure: transforming a stream of positions, applying a skinning palette, generating a repeated set of vertices, or evaluating many related vector expressions. The boundary is not absolute. A large branch-heavy function may still be fast enough on the CPU; a small vector transform may be too small to justify transfer overhead.

A common mistake is to benchmark the inner arithmetic and declare the VU version faster. The actual path includes data conversion, command construction, cache behavior, transfer setup, execution, output handoff, and synchronization. If an eight-vertex object takes only a few dozen operations, the setup may cost more than the computation. If hundreds of vertices share the same program and data format, the fixed overhead can be amortized.



Local memory changes the algorithm

VU data memory is not a transparent extension of main RAM. It is small, explicitly addressed local storage. VU0 has 4 KiB of micro memory and 4 KiB of data memory; VU1 has 16 KiB of micro memory and 16 KiB of data memory. That makes memory budgeting a design-time requirement. It encourages compact records, reuse of loaded values, predictable loop bounds, and a deliberate choice between unrolling and looping.

A program that wants a large transform palette, input vertices, scratch data, and output vertices at once may exceed the available local data memory. The right response is not to hope that an allocation succeeds. It is to calculate the live footprint, split the workload into batches, reuse regions only after their prior values are dead, or move some work to another stage. Instruction memory has a separate budget: microprogram size can be constrained even when the data fits.



A practical service-level contract

For each pipeline stage, record five fields:









	Field
	Meaning
	Example





	Input
	Exact record format and count
	96 vertices, 3 quadwords each



	Capacity
	Maximum accepted work
	At most 128 vertices per launch



	Deadline
	When output becomes useful
	Before the scene’s GS submission point



	Completion
	Event that proves data is ready
	VIF/VU/GIF completion under the selected SDK path



	Fallback
	Safe behavior on overrun
	Use a smaller batch or CPU reference path





The values in the example are arbitrary, not PS2 limits. They illustrate how a technical decision becomes testable. A capacity policy should be enforced before writing to a local-memory region or launching a transfer.



A useful first experiment

Build a benchmark with three workloads: a tiny object, a representative scene batch, and a worst-case legal batch. Run a CPU reference, a VU0 path if relevant, and a VU1 path. Record preparation time, transfer time, execution time, output time, and total elapsed time. The CPU implementation is not merely a fallback; it is a correctness oracle and a baseline against which to judge whether the specialized path earns its complexity.

Do not combine phase timings blindly. If transfer and CPU work overlap, their durations may not add to total latency. Record the critical path and the moments where a stage waits for another. That distinction becomes essential when the pipeline is asynchronous.





VU0, VU1, and Choosing the Right Job

The PS2 contains two vector units with different roles and execution environments. Broadly, VU0 is closely associated with the Emotion Engine and can be used for certain vector tasks, while VU1 is commonly used in graphics-oriented microprograms that process geometry and feed the GS. The exact scheduling and ownership model depends on whether the unit is operated in macro or micro mode and how the chosen SDK exposes its controls.

Assign work according to shape and locality. A small transform required immediately by gameplay may be more efficient on the CPU or through a VU0-oriented path than in a large VU1 batch. A long sequence of vertex transformations and lighting-like calculations may be ideal for a VU microprogram because the same instructions are applied across many records. Avoid splitting one tiny operation across multiple processors if the transfers and waits cost more than doing the operation where the data already lives.

Make each job’s contract explicit: input structure, output structure, element count, alignment, scratch-memory use, and completion signal. A VU microprogram that expects four vectors per vertex should reject or never receive a buffer built with three. Many failures that look like numerical corruption are layout mismatches: a stride changed on the CPU but the microprogram remained unchanged, or a DMA transfer omitted the last record.

Use compile-time or build-time checks where possible. Define shared offsets in one generated header or data-description file; do not manually type the same offsets into CPU C and micro-assembly. If the toolchain cannot share declarations directly, generate both representations from a single source and verify their sizes in a test program.

The right unit choice can change when a workload changes. Measure small, medium, and large batches. The crossover point is determined by transfer overhead, scheduling, and what else the CPU must do during the frame. Avoid declaring a unit universally “faster” based on one microbenchmark.


Capability differences that affect design

VU0 and VU1 share the same broad vector-processing model, but they are not interchangeable in every respect. VU0 is closely coupled to the EE and can be used in macro mode through COP2 instructions or run its own microprogram. VU1 is intended for microprogram execution and has the output path commonly used to feed the GIF through XGKICK. Both expose 128-bit vector registers and 16-bit integer registers; their local micro and data memories differ in capacity. VU1 also includes the Elementary Function Unit (EFU), which supports selected transcendental-style operations unavailable in the same form on VU0.

The choice is not “VU1 is always faster.” It is “which placement gives the best total system behavior?” VU0 macro mode can be attractive for short vector operations closely coupled to CPU control. VU0 micro mode can process a compact batch while the EE does other work. VU1 is an obvious candidate for a geometry path that naturally ends in GS command generation, but it may already be saturated or may require data movement that outweighs the benefit.



A decision matrix










	Workload shape
	Candidate path
	Why
	Warning





	A few vectors tightly coupled to CPU decisions
	EE or VU0 macro mode
	Low orchestration distance
	COP2 access and synchronization still cost time



	A stable batch of math with little branching
	VU0 or VU1 micro mode
	Regular loop and predictable layout
	Include program start and transfer cost



	Geometry transform plus GS packet output
	Usually VU1
	Output can naturally flow toward GIF
	GIF/GS contention can become the bottleneck



	Branch-heavy gameplay logic
	EE CPU
	Control-flow flexibility
	Do not force it into VU code just to use the hardware



	Small optional effect
	CPU first, then measure
	Simpler data path
	A VU path may be faster only above a threshold





Treat the matrix as an initial hypothesis. Measure on the actual workload



Partition by data locality





Macro mode versus micro mode





Avoid premature fragmentation





