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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

It seems that Microsoft has decided to pick up where Sega left off. Their offer? A system with familiarities appreciated by developers and online services welcomed by users.

Please note that to keep consistency with other sources, this article separates storage units between the metric prefix (i.e. megabytes or ‘MB’) and the standardised binary prefix (i.e. mebibytes or ‘MiB’), thus:


	1 MB = 1000 KB

	1 MiB = 1024 KiB



… and so forth.



2.1 Reading tips

Some months after writing this, I’ve realised this is one of the densest write-ups I have done. There’s just a lot of stuff happening inside the Xbox and I have tried to mention most of it.

Now, if you’re really interested in understanding this system but find this article difficult to follow, my advice to you is: Take your time, the article is not going anywhere. Focus on what you like, read at your own pace, check out the links on the ‘Sources’ section for support and finally, don’t put pressure on yourself, there’s no exam!








3 Supporting Imagery


[image: ]
The original Xbox. Released on 15/11/2001 in America, 22/02/2002 in Japan and 14/03/2002 in Europe. [1]





[image: ]
Motherboard [1]. Showing first revision. Controllers are plugged using a separate daughterboard. Missing SDRAM chips are on the back and there are four unpopulated SDRAM slots.
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Motherboard with important parts labelled.
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Main architecture diagram. Each controller is connected to a separate USB hub.








4 CPU

The processor included in this console is a slightly customised version of the famous Intel Pentium III (an off-the-shelf CPU for computers) running at 733 MHz. With this, one can assume this console is just a PC behind the scenes… I won’t tell you the answer, but I promise that at the end of the article you will be able to reach your own conclusion.


[image: Figure 4.1: The Intel Pentium III package on the Xbox’s motherboard.]

Figure 4.1: The Intel Pentium III package on the Xbox’s motherboard.



Anyhow, Pentiums, along with other lines of CPUs designed and manufactured by Intel, were incredibly popular in the computer market. Such was Intel’s market share that they became the de-facto reference point for quality: As a typical user, if you wanted a good computer and had the budget, you only had to look for something carrying an Intel CPU. We all know by now that there are more factors involved, but that’s what the marketing guys at Intel managed to project.



4.1 Technical information

Now that we positioned Intel on the map, let’s go back to the topic of this console. During my research, I was expecting to find documentation with the level of depth as other CPUs (MIPS, SuperH, ARM, etc), but instead, I stumbled across an excessive amount of marketing terms that only diverted my search. So, for this article, I came up with a structure to organise all the necessary information which will help to understand how this CPU works. Furthermore, I will try to introduce some terminology that Intel used to brand this CPU.

Having said that, let us take a look:



4.1.1 Branding


[image: Figure 4.2: How this study is organised.]

Figure 4.2: How this study is organised.



First things first, the Xbox’s CPU is identified as a Pentium III. So what does this mean? Back then (early noughties), the Pentium series represented the next generation of CPUs. They were the ‘new high-end’ that grouped all the fancy technology that made computers super-fast, plus it helped buyers decide which CPU they had to buy if they wanted the best of the best.

Pentium III replaced Pentium II, which in turn replaced the original Pentium. Moreover, when the first Pentium came out, it replaced the 80486, which in turn replaced the 80386… You get the idea. What matters is that ‘Pentium’ is mainly a brand name, it’s not directly associated with its inner workings. Therefore, we must go deeper!

To dive further and not get lost in the way, I have catalogued the information into three sections which combined, make up the chip. The first the Instruction Set Architecture or ‘ISA’ (the group of instructions used to command the CPU), Microarchitecture (how is the ISA implemented in silicon) and the Core (what set of components are used to package the microarchitecture to form the specific CPU model).





4.1.2 The ISA

Indeed, once I mention ‘Intel’ it’s a matter of time before I introduce the famous x86, its instruction set.

The first form of x86 debuted with the release of the Intel 8086 in 1978, a 16-bit CPU. Afterwards, the ISA was constantly expanded with more instructions as more Intel CPUs were released (80186, 80286 and so on) [2]. Consequently, x86 started to fragment as more ground-breaking features were added (i.e. ‘protected mode’ and ‘long mode’). To tackle this, modern x86 applications commonly target the 80386 ISA (also called IA-32 or i386) as a baseline, which among other things, operates in a 32-bit environment.

Subsequently, Intel enhanced the IA-32 with the use of extensions, meaning the new functions may or may not be included in an IA-32 CPU. Programs query the CPU to check if a specific enhancement is present. The Xbox’s CPU includes two extensions:


	
MMX (Multimedia Extension): Adds 57 SIMD instructions and 8 64-bit registers (integers only) that can speed up vector operations.

	
SSE (Streaming SIMD extension): Another SIMD-type extension that addresses the criticism of MMX (lack of floating-point support and unable to use the floating-point unit in parallel). It adds 56 new instructions and eight 128-bit registers (called ‘XMM’) that hold four 32-bit floats.



The good news is that, since the console will always have the same CPU, programmers can optimise their code to exploit these extensions as they will always be present.





4.1.3 The Microarchitecture

When it comes to building a circuit that can interpret x86 instructions, Intel has come up with so many different designs for their CPUs. Some designs were featured with the release of a new Pentium Series (i.e. Pentium 4) while others were featured when Intel released an ‘enhanced’ version of a Pentium (such as the ‘Pentium Pro’). Nevertheless, since the release of the first Pentium, the CPU model and microarchitecture no longer carry the same name. For example, the 80486 uses the 80486 microarchitecture (and no other), however, the original Pentium has the ‘P5’ microarchitecture.

Now, the Xbox CPU, along with the rest of Pentium III processors, use the P6 Microarchitecture (also known as ‘i686’). This is the 6th generation (counting from the 8086) which features:


	A massive 14-stage pipeline: Meaning up to 14 instructions can be processed in parallel. On the other side, individual instructions may take a lot more cycles to complete. See a previous explanation.
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