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1 The architecture of consoles series

Looking at the evolution of video game consoles is fascinating. While conventional PCs tend to evolve ‘incrementally’, new generations of consoles introduce completely new ways of working. The writings you see here are part of a series aimed at uncovering the rationale behind the latest trends in technology. They will also demonstrate why each system can’t be summarised by its ‘bits’, megahertz, amount of RAM and whatnot.

Basic knowledge of computing is preferable, however, I try really hard to adapt my content for wider audiences, so please don’t be afraid to give it a try! But if that’s not enough, you may want to look at the supporting readings or read previous articles first.



1.1 About this edition

Thank you for purchasing this book! This edition originates from the content initially published on my personal website, it’s been re-styled and optimised to take advantage of the capabilities of eBook documents.


While similar in content, interactive widgets have been simplified to work with a static environment - in other words, anything that physical paper allow us. However, these will offer a link to the original articles in case the reader wants to try the ‘interactive version’.







1.2 Open to feedback

As always, the original manuscripts of the articles are available on Github to enable readers to report mistakes or propose changes. Likewise, if you have any comments and/or issues regarding this edition, please get in touch through there.








2 A quick introduction

The PlayStation 2 was not one of the most powerful consoles of its generation, yet it managed to achieve a level of popularity unthinkable for other companies.

This machine is nowhere near as simple as the original PlayStation was, but we will see why it didn’t share the same fate as previous complicated consoles.






3 Supporting Imagery


[image: ]
The original PlayStation 2. Released on 04/03/2000 in Japan, 26/10/2000 in America and 24/11/2000 in Europe [1]
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Motherboard. Showing revision ‘GH-001’ from model SCPH-10000 only released in Japan. Thanks to the donations received, I was able to purchase this model and take a proper photo to allow me to identify most of the chips. I presume the chip at the bottom right corner is the 4 MB BIOS ROM
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Motherboard with important parts labelled.
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Main architecture diagram. The original design (Implemented on revision ‘SCPH-10000’). Each data bus is labelled with its width and speed. This architecture went through many revisions, more details below








4 CPU

At the heart of this console, we find a powerful package called Emotion Engine or ‘EE’, a joint project by Toshiba and Sony [2] running at ~294.91 MHz [3].


[image: Figure 4.1: The Emotion Engine, as seen on the first motherboard revision of this console.]

Figure 4.1: The Emotion Engine, as seen on the first motherboard revision of this console.



This chipset contains numerous components, one of them being the main CPU. The rest are at the CPU’s disposal to speed up certain tasks. For this analysis, we’ll divide the EE into three sections:


	The leader: The main component that controls the entire chip.

	The memory available, a crucial ingredient so the processors can do meaningful operations.

	The co-processors: These accelerate particular computations.





4.1 The leader

In a nutshell, the main CPU is a MIPS R5900, an exclusive MIPS core designed for this console. You may recall when Sony started venturing with MIPS silicon with the very first PlayStation (where we can find a MIPS R3000A second sourced from LSI). For the next generation, we’ve got a MIPS ‘R5900’… but what does that name mean for us?

To understand what’s hidden behind the new numbers, let’s take a look at some history surrounding that era.



4.1.1 Outperforming success

The MIPS R4000 was a popular CPU series adopted by a wide range of systems, including a close competitor. Thanks to its success, MIPS brought a once-unaffordable range of advancements (64-bit computing, 8-stage pipelines and so forth) to the masses.

Fast forward, the next big leap arrived in 1995, with the release of the R10000. Now under the funding of SGI, MIPS produced a new processor that took the R4000’s parallelism capabilities miles further, debuting techniques like [4]:


	
Speculative execution: The CPU predicts the result of conditional branches before they are computed. The predictions are based on previous results stored in an internal 512-entry table. Once the condition is computed, if the prediction turns out to be correct, the CPU has saved valuable time. Otherwise, the extra computations are discarded.

	Thanks to this, MIPS has finally turned a recurrent problem (control hazards) into an advantage.

	In other CPUs, you may find similar functionality referred to as dynamic branch prediction.





	
4-issue superscalar pipeline: On top of the pipelined design, the CPU will now fetch up to four instructions at the start of the pipeline, and distribute them across separate units, allowing the CPU to execute these instructions at the same time. In doing so, the CPU achieves a greater degree of parallelism.

	
Out-of-order execution: The CPU will also re-arrange the sequence of instructions to try to fill up its units as much as possible (as long as no hazards are added).

	
L2 cache with a 128-bit bus, enabling to pull more data into the CPU at a time, which becomes a requirement based on the previous enhancements.



Such innovation came at the cost of a complex design, however, and the final product was everything but cheap. SGI only bundled it in high-end equipment, and any attempt to bring it into a home console was out of the question.





4.1.2 High-end for the masses

Already aware of the commercial limitations of the R10000, SGI/MIPS hired Quantum Effect Devices (QED) to develop an affordable version of the R10000 for the mid-to-low-end market. As a company founded by former MIPS employees, QED was in the business of designing variants of MIPS cores for the budget sector.

In the end, QED came back with a new core called the R5000, this was an R10000 that underwent significant cutbacks [5]:


	Out-of-order execution is reverted to in-order.

	Speculative execution is removed.

	Superscalability is limited to two instructions (2-issue) and doesn’t parallelise integer instructions anymore. However, floating point instructions can still be paired with others.

	Due to the previous reductions, L2 is scaled down to a 64-bit bus instead.



Consequently, this became an ideal CPU to power economical equipment, such as SGI’s low-end workstations. In any case, notice that the cut-down pipeline still performed concurrent floating-point operations, as if QED planned to keep it an attractive product for vector/3D applications. You’ll soon see that another company quickly took note of that as well.

As a side note, it’s curious to observe that on the other side of the pond, there were similar advancements but in the opposite direction: ARM joined forces with DEC in the pursuit of lifting ARM chips into the high-end market.





4.1.3 A special order for Sony

Toshiba had been a MIPS licensee for some time [6] and was no stranger to manufacturing MIPS variations and packages. At one point, Sony and Toshiba joined forces to produce a CPU exclusively tailored for Sony’s upcoming console. This was a tremendous benefit for Toshiba: very often CPUs are required to fulfill a wide range of requirements coming from different stakeholders, and in doing so it constraints opportunities for specialisation. Now, there was only a single purpose: 3D gaming. Thus, granting enough room for all kinds of innovation.

That being said, Toshiba ended up grabbing the affordable R5000 design and tweaked it to accelerate vector operations. The new core is called R5900 and debuts the following ‘3D’ enhancements [7]:


	A variation of the MIPS III ISA. This includes the original 64-bit ISA previously seen on the Nintendo 64, but extended with interesting opcodes. Sony added some instructions from MIPS IV (prefetch and conditional move) along with their own SIMD extension called multimedia instructions to accelerate vector calculations (similar to the SH-4, but integer only).

	The multimedia instructions are still 32-bit wide but can operate up to three 128-bit vectors at a time. They offer operations such as vector arithmetic, min/max and many kinds of scalar combinations to form new vectors.





	
32 128-bit general-purpose registers: Another significant Toshiba-branded enhancement. Forget about the typical 32-bit storage, we’ve stepped into the 128-bit realm now. Nevertheless, the majority of operations will hardly use all the available space (MIPS words are still 64-bit long). This is when the aforementioned multimedia extension comes into the equation, as its set will make full utilisation of the extended register file.

	When using the new instructions, each register can store vectors made of many types of scalars (from two 64-bit integers to sixteen 8-bit ones).

	To prevent performance penalties, these registers are accessed through a 128-bit bus, while the rest of the CPU uses an internal 64-bit data bus.
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