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1 About this edition

This edition originates from the article initially published on my personal website, it’s been re-styled to take advantage of the capabilities of PDF/eBook documents.

While identical content-wise, interactive widgets have been simplified to work with a static environment - in other words, anything that physical pages allow us, though these will offer a link to the original article in case the reader wants to try the ‘full version’. Please keep this in mind when you see references to interactivity throughout the writings.

As always, the original manuscript of the articles is available on Github to enable readers to report mistakes or propose changes. There’s also a supporting reading list available to help understand the series. The author also accepts donations to help improve the quality of current articles and upcoming ones.



1.1 Open to feedback

Last but not least, for any comments and/or issues regarding this edition of the article, please get in touch using the links provided on the About page.








2 A quick introduction

Gone are the days of ‘3D-attempts’, Nintendo’s new offering consists of a clean and powerful break from its predecessor that will open the door to new, original and unseen content.

It’s worth pointing out that the design of this architecture led to one of the most compact hardware of this generation. This was emphasised by the lack of slims or lite revisions.






3 Supporting Imagery


[image: ]
The one and only GameCube. Released on 14/09/2001 in Japan, 18/11/2001 in America and 03/05/2002 in Europe. [1]





[image: ]
Motherboard. Taken from my ‘DOL-CPU-10’ model, later ones removed Serial Port 2 and Digital Output. Encoder chip, expansion, controller and PSU slots are found on the other side.
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Motherboard with important parts labelled.




[image: ]
Main architecture diagram. Each data bus is labelled with its width.








4 CPU

After the loss of SGI’s dominance in the graphics market, Nintendo needed new players to partner up with.

A promising candidate seems to be IBM: Apart from their famous work on mainframes, they recently joined forces with Motorola and Apple to create a CPU powerful enough to compete with Intel’s ruling in the PC market. The resulting product is a series of processors carrying the name PowerPC, which were selected to power 99% of Apple’s Macintoshes, IBM’s workstations and some embedded systems.


[image: Figure 4.1: The PowerPC Gekko chip. This is what the GameCube houses.]

Figure 4.1: The PowerPC Gekko chip. This is what the GameCube houses.



To understand what this means for the GameCube, let’s first take a look at the chain of innovation that culminated in the PowerPC CPU.



4.1 The origins of PowerPC

IBM was one of the three early forces pushing for the emerging RISC CPU design into the mainstream market. During the 80s, while Berkeley was busy developing the ‘RISC CPU’ and Stanford academics just founded MIPS, IBM had already produced the 801 and ROMP CPUs. These were ground-breaking yet commercially-unsuccessful silicon implementing a set of guidelines later known as the ‘RISC model’ [2].



4.1.1 The commercial milestone

Entering the 90s, IBM tried again with a new series of UNIX workstations called ‘IBM RS/6000’, and within it, a new in-house RISC CPU: POWER1. With a focus on instruction-level parallelism, the latter featured attractive advancements such as [3]:


	A complete 32-bit instruction set called POWER.

	A 64-bit floating-point unit.

	A Harvard cache architecture, this segregates data and instruction space to increase bandwidth.

	The ability to execute two instructions at the same time by distributing them across its three separate units (branch, fixed-point and floating-point). Hence, POWER1 is recognised as being two-way superscalar.

	
Static branch prediction, which turns control hazards into opportunities for accelerating execution.

	
Out-of-order execution of floating-point operations, through register renaming [4]. All in all, this greatly increments the amount of instructions the CPU executes per time (and takes care of data hazards).

	The core design originates from IBM’s mainframe era, when it was published as Tomasulo’s algorithm and subsequently implemented on the IBM System/360 (1966). With POWER1, IBM managed to bring part of it to workstation equipment.







Nevertheless, the POWER1 CPU was a large and expensive package comprised of multiple chips. So, for their follow-up venture, IBM shrank down its design to fit in a single chip. While still POWER-compliant, this came at the cost of housing a 32-bit FPU, a von Neumann cache architecture and reverting to in-order execution. The new chip was called RISC Single Chip (or ‘RSC’) and shipped with the low-end line of their RS/6000 workstations.





4.1.2 Reaching the average user

In the midsts of these developments, IBM also agreed to join forces with Apple and Motorola to tackle the Intel-Microsoft monopoly in the desktop market, forming the AIM alliance. Thus, a new project was conceived for a competitive CPU in the low-end arena. This would be made of intellectual property from the three companies, including:


	IBM’s RSC processor design.

	Motorola’s bus architecture (found in their in-house RISC processor, the Motorola 88110).

	Apple and Motorola’s knowledge of the end-user’s needs.



Keith Diefendorff, a member of the Motorola 88110 team, was recruited as the lead architect and, in 1993, the project culminated in the following:


	The PowerPC instruction set: A subset of POWER, with additional instructions for multiplication, support for a symmetric multiprocessor setup and an optional 64-bit mode.

	From then on, IBM’s POWER CPU line would implement the PowerPC ISA instead. This was first apparent with the release of POWER3 in 1998, a high-performance CPU implementing the 64-bit specification of PowerPC.

	We won’t see a symmetric multiprocessor setup in this article series until the Xbox 360 and Wii U arrive.





	The PowerPC CPU, a new line of desktop CPUs implementing the PowerPC ISA, starting with the PowerPC 601. This was a cost-effective version of the RSC microarchitecture.

	Motorola also dropped the development of the 88000 CPU altogether to focus on this new series.











4.1.3 Popularising the PowerPC

To make sure the new line would be both technically competitive and commercially viable, the PowerPC 601 attempted to bring certain advancements of instruction parallelism to the masses, to name a few [2]:


	The implementation of both POWER and PowerPC ISAs, to assist POWER developers in transitioning to PowerPC.

	
Three-way superscalar execution using three separate execution units (FPU, branch and ALU) [5]. An improvement from previous designs.

	Based on Motorola’s model, a new bus design called Bus Interface Unit, providing:

	A 64-bit data bus and a 32-bit address bus, the former is critical for taking advantage of the superscalar capabilities.

	
Burst transactions, enabling to transfer 32 Bytes of memory (the size of L1 cache) with a single instruction [6].
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