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The point of a gaming console is to play games. The PC user in all of us wants to benchmark, overclock and
upgrade even the unreleased game consoles that were announced at E3, but we can’'t. And these sorts of
limits are healthy, because it lets us have a system that we don't tinker with, that simply performs its function
and that is to play games.

The game developers are the ones that have to worry about which system is faster, whose hardware is better
and what that means for the games they develop, but to us, the end users, whether the Xbox 360 has a faster
GPU or the PlayStation 3's CPU is the best thing since sliced bread doesn’t really matter. At the end of the
day, it is the games and the overall experience that will sell both of these consoles. You can have the best
hardware in the world, but if the games and the experience aren't there, it doesn't really matter.

Despite what we've just said, there is a desire to pick these new next-generation consoles apart. Of course if
the games are all that matter, why even bother comparing specs, claims or anything about these next-
generation consoles other than games? Unfortunately, the majority of that analysis seems to be done by the
manufacturers of the consoles, and fed to the users in an attempt to win early support, and quite a bit of it is
obhviously tainted.

While we would've liked this to be an article on all three next-generation consoles, the Xbox 360, PlayStation
3 and Revolution, the fact of the matter is that Nintendo has not released any hardware details about their
next-gen console, meaning that there’s nothing to talk about at this pointin time. Leaving us with two
contenders: Microsoft’'s Xbox 360, due out by the end of this year, and Sony’s PlayStation 3 due out in Spring
2006.

This article isn't here to crown a winner or to even begin to claim which platform will have better games, it is
simply here to answer questions we all have had as well as discuss these new platforms in greater detail than
we have before.

Before proceeding with this article, there’s a bit of required reading to really get the most out of it. We
strongly suggest reading through our Cell processor article, as well as our launch coverage of the PlayStation
3. We would also suggest reading through our Xbox 360 articles for background on Microsoft's console, as
well as an earlier piece published on multi-threaded game development. Finally, be sure that you're fully up
to date on the latest GPUs, especially the recently announced NVIDIA GeForce 7800 GTX as it is very closely
related to the graphics processor in the PS3.

This article isn't a successor to any of the aforementioned pieces, it just really helps to have an understanding
of everything we've covered before - and since we don't want this article to be longer than it already is, we'll
just point you back there to fill in the blanks if you find that there are any.

Now, on to the show...
A Prelude on Balance

The most important goal of any platform is balance on all levels. We've seen numerous examples of what
architectural imbalances can do to performance, having too little cache or too narrow of a FSB can starve
high speed CPUs of data they need to perform. GPUs without enough memory bandwidth can’t perform
anywhere near their peak fillrates, regardless of what they may be. Achieving a balanced overall platform is a
very difficult thing on the PC, unless you have an unlimited budget and are able to purchase the fastest
components. Skimping on your CPU while buying the most expensive graphics card may leave you with
performance that’s marginally better, or worse, than someone else with a more balanced system with a faster
CPU and a somewhat slower GPU.

With consoles however, the entire platform is designed to be balanced out of the box, as best as the
manufacturer can get it to be, while still remaining within the realm of affordability. The manufacturer is
responsible for choosing bus widths, CPU architectures, memory bandwidths, GPUs, even down to the type
of media that will be used by the system - and most importantly, they make sure that all elements of the
system are as balanced as can be.

The reason this article starts with a prelude on balance is because you should not expect either console
maker to have put together a horribly imbalanced machine. A company who is already losing money on every
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console sold, will never put faster hardware in that console if it isn't going to be utilized thanks to an
imbalance in the platform. So you won't see an overly powerful CPU paired with a fill-rate limited GPU, and
you definitely won't see a lack of bandwidth to inhibit performance. What you will see is a collection of tools
that Microsoft and Sony have each, independently, put together for the game developer. Each console has its
strengths and its weaknesses, but as a whole, each console is individually very well balanced. So it would be
wrong to say that the PlayStation 3's GPU is more powerful than the Xbox 360’s GPU, because you can't
isolate the two and compare them in a vacuum, how they interact with the CPU, with memory, etc... all
influences the overall performance of the platform.

The Consoles and their CPUs

The CPUs at the heart of these two consoles are very different in architecture approach, despite sharing
some common parts. The Xbox 360's CPU, codenamed Xenon, takes a general purpose approach to
microprocessor design and implements three general purpose PowerPC cores, meaning they can execute
any type of code and will do it relatively well.

The PlayStation 3's CPU, the Cell processor, pairs a general purpose PowerPC Processing Element (PPE,
very similar to one core from Xenon) with 7 working Synergistic Processing Elements (SPEs) that are more
specialized hardware designed to execute certain types of code.

So the comparison between Xenon and Cell really boils down to a comparison between a general purpose
microprocessor, and a hybrid of general purpose and specialized hardware.

Despite what many have said, there is support for Sony’s approach with Cell. We have discussed, in great
detail, the architecture of the Cell processor already but there is industry support for a general purpose +
specialized hardware CPU design. Take note of the following slide from Intel's Platform 2015 vision for their
CPUs by the year 2015:

Evolutionary Configurahble Architecture

w plus many re for

highly threaded workloads
Large, Scalar cores for

high single-thread
performance

Many-core array
+ CMP with 10s-100s low
power cores
* Scalar cores
« Capable of TFLOPS+
+ Full System-on-Chip
*+ Servers, workstations,
Multi-core array embedded..
* CMP with =10 cores

The use of one or two large general purpose cores combined with specialized hardware and multiple other
smaller cores is in Intel's roadmap for the future, despite their harsh criticism of the Cell processor. The
difference is that Cell appears to be far too early for its time. By 2015 CPUs may be manufactured on as
small as a 32nm process, significantly smaller than today’s 90nm process, meaning that a ot more hardware
can be packed into the same amount of space. In going with a very forward-looking design, the Cell
processor architects inevitably had to make sacrifices to deal with the fact that the chip they wanted to design
is years ahead of its time for use in general computation.

Introducing the Xbox 360's Xenon CPU

The Xenon processor was designed from the ground up to be a 3-core CPU, so unlike Cell, there are no
disabled cores on the Xenon chip itself in order to improve yield. The reason for choosing 3 cores is because
it provides a good balance between thread execution power and die size. According to Microsoft's partners,
the sweet spot for this generation of consoles will be between 4 and 6 execution threads, which is where the
3-core CPU came from.

The chip is built on a 90nm process, much like Cell, and will run at 3.2GHz - also like Cell. All of the cores are
identical to one another, and they are very similar to the PPE used in the Cell microprocessor, with a few
modifications.

The focus of Microsoft's additions to the core has been in the expansion of the VMX instruction set. In
particular, Microsoft now includes a single cycle dot-product instruction as a part of the VMX-128 ISA that is
implemented on each core. Microsoft has stated that there is nothing stopping IBM from incorporating this
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others that go unused.

In fact, if properly structured and coded for SPE acceleration, physics code could very well run faster on the
PlayStation 3 than on the Xbox 360 thanks to the more specialized nature of the SPE hardware. Not to
mention that physics acceleration is particularly parallelizable, making it a perfect match for an array of 7
SPEs.

Microsoft has referred to the Cell's array of SPEs as a bunch of DSPs useless to game developers. The fact
that the next installment of the Unreal engine will be using the Cell's SPEs for physics, animation updates,
particle systems as well as audio processing means that Microsoft’s definition is a bit off. While not all
developers will follow in Epic’s footsteps, those that wish to remain competitive and get good performance out
of the PS3 will have to.

The bottom line is that Sony would not foolishly spend over 75% of their CPU die budget on SPEs to use
them for nothing more than fancy DSPs. Architecting a game engine around Cell and optimizing for SPE
acceleration will take more effort than developing for the Xbox 360 or PC, but it can be done. The question
then becomes, will developers do it?

In Johan'’s Quest for More Processing Power series he looked at the developmental limitations of multi-
threading, especially as they applied to games. The end result is that multi-threaded game development
takes between 2 and 3 times longer than conventional single-threaded game development, to add additional
time in order to restructure elements of your engine to get better performance on the PS3 isn’t going to make
the transition any easier on developers.

Why In-Order?

Ever since the Pentium Pro, desktop PC microprocessors have implemented Out of Order (OoO) execution
architectures in order to improve performance. We've explained the idea in great detail before, but the idea is
that an Out-of-Order microprocessor can reorganize its instruction stream in order to best utilize its execution
resources. Despite the simplicity of its explanation, implementing support for OoO dramatically increases the
complexity of a microprocessor, as well as drives up power consumption.

In a perfect world, you could group a bunch of OoO cores on a single die and offer both excellent single
threaded performance, as well as great multi-threaded performance. However, the world isn't so perfect, and
there are limitations to how big a processor’s die can be. Intel and AMD can only fit two of their OoO cores
on a 90nm die, yet the Xbox 360 and PlayStation 3 targeted 3 and 9 cores, respectively, on a 90nm die;
clearly something has to give, and that something happened to be the complexity of each individual core.

Given a game console’s 5 year expected lifespan, the decision was made (by both MS and Sony) to favor a
multi-core platform over a faster single-core CPU in order to remain competitive towards the latter half of the
consoles’ lifetime.

So with the Xbox 360 Microsoft used three fairly simple IBM PowerPC cores, while Sony has the much
publicized Cell processor in their PlayStation 3. Both will perform absolutely much slower than even
mainstream desktop processors in single threaded game code, but the majority of games these days are far
more GPU bound than CPU bound, so the performance decrease isn't a huge deal. In the long run, with a bit
of optimization and running multi-threaded game engines, these collections of simple in-order cores should be
able to put out some fairly good performance.

Does In-Order Matter?

As we discussed in our Cell article, in-order execution makes a lot of sense for the SPEs. With in-order
execution as well as a small amount of high speed local memory, memory access becomes quite predictable
and code is very easily scheduled by the compiler for the SPEs. However, for the PPE in Cell, and the
PowerPC cores in Xenon, the in-order approach doesn't necessarily make a whole lot of sense. You don't
have the advantage of a cacheless architecture, even though you do have the ability to force certain items to
remain untouched by the cache. More than anything having an in-order general purpose core just works to
simplify the core, at the expense of depending quite a bit on the compiler, and the programmer, to optimize
performance.

Very little of modern day games is written in assembly, most of it is written in a high level language like C or
C++ and the compiler does the dirty work of optimizing the code and translating it into low level assembly.
Compilers are horrendously difficult to write; getting a compiler to work is a pretty difficult job in itself, but
getting one to work well, regardless of what the input code is, is nearly impossible.

However, with a properly designed ISA and a good compiler, having an in-order core to work on is not the end
of the world. The performance you lose by not being able to extract the last bit of instruction level parallelism
is made up by the fact that you can execute far more threads per clock thanks to the simplicity of the in-order
cores allowing more to be packed on a die. Unfortunately, as we've already discussed, on day one that's not
going to be much of an advantage.

The Cell processor’s SPEs are even more of a challenge, as they are more specialized hardware only
suitable to executing certain types of code. Keeping in mind that the SPEs are not well suited to running
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What w §
the Xbox GPU is how well applications will lend themsehves 1o the adaptive nature of the hardware, Curen
configurations don't have nearly the sams K processing power as they do pikal processing power. This i
fuite o Sy
geomeatyy pr of pixals involved. Of course, not all titdes will need the
same ratio of geometry 0 pixel power. T ed i

irng i dnly poivgon intense scenes. Orvihe flip side (and more likely), any given clock cycle

make or break the difference between something |

5 of $ than vertices, For each

sl whert we ¢o

tive, there are likely a good numbey

means that all the ops per ciock could either be dedic

genmetry pro

could ses all 240 ops veing used for pixet pro b igners raalize this and code their shad

If game des!
sing power dedivated 10 & sing

aceordingly, we o
on current hardware.

predicting that developers will use lots of very small triangles in Xbox 3680 games. As engines

ine 3 have show incredib

esults using p Jaraent low
wa car't tell if AT is trying 10 provide the chicken or the egq. In other words, will we see

shaders and normmal maps e

ion or ecause thad is

wriangles on Xbox 380 because consaie developers sre moving in that dire

wiat will run well on ATVs hardware?

Fegardless of the paths that lead (o th
Not only are all 3 blocks of 16 shade:

road, itis ohvinus that the Xbox 260w
abie (o become vertex shaders, hut A

il be a geomelry power house.
GEU will he abie (o handle

twice as many 7 oparations i a z only pass is parformed. The same s true of currer AT and NVIDIA

hardwere, but the fact that a geometry only pass can now make use of shader hardware 1o parform 48 vector
and 48 scalar operations in any given clock cycle while doing twice the z operations is quite intriguing. This

could atiow some very geometricaily complicated scenes.

inside the Xenos GPU

As previously mentioned, the 48 shaders wil be able to run either veriex or pixel shader programs in any

given clock oye

shade

gher than DX8.0c, bt in order 0 take advantage of the technolegy,
ATt and Microsoft will have 1o customize the AR

in order to get data into the shader units, textures are read from main memey
unable to assist with texturing. There are 18
10 14 textures per clock eynie. The scheduler will nesd 16 take gresd care fo o
are made. Anoth

7. The elDRAM of the systam is
niear filterad texture samplars. These unils are able to read up

threads so thad optimal

sideration 1o tal

AU AN ctrogic filtering. In order to
perform filtering at beyond bilinear levels, the extire w
once (untii the filtering is finishad). fno

data}, the

aeed 10 be run through the fexture unit more than
fing is requived (i if a shader program is simpie reading siored
ex fatoh units can be usad (gither with a vertax or a pixel shadear programy}.

inthe BPL space, we an

e ard iarger lextures are

Bieing in order 1 sup o and €

bandwidth in the not so distant future, We\

O

nave it ser if the console and deskiop spane ¢« ue o

diverge in this area,

One of the ey aspects of pedormance for the Xbox 380 will be in how well AT manages threads on their
GPU with the shift to the unified shader architecture, itis even more imperalive to make sure thal evenvining
i rurning at raxdrmun sfficiency, We don't have maoy details on ATls 1y 1o contd switch batw

s on hard

verts d pixel shad e, bt suffice itio

v that ATH cannot adford to have any

swapping out threads on shaders, we expect that this will go fally we
managemert s likely one of the most difficuit things AT

7 ihis departmeant, Thread

g o woerk out 10 make this hardwars feasiible.

Those whio pald close allertion (o the amount of elRAM (TOME) will note that this

s framebuffar for displays larger than ¢

not encugh memory (o
bied. Apparantly, AT will
k huffer resides on the eDRAM. in order {o manage large

store the ent andard television with 43AA and

siore the front buffer in the UMA area, while the

displays, the hardware will need 1o render the back huffer in parts. This indicates that they have implemented

some sor of very large grained tiling system {with 2 1o 4 fHes). Usually tis based renderas have many more

s thewy this, bt this

:

special case

Performance of this hardware is a very difficult aspect o assess without testing the system. The potential |

b

frare for sorma nica gains over i

marrent high end desktop paut, but it is very difficalt i kaow how eas

software engineers will be able o funclicnally use the hardware before they fully understand it and have

programmed for it for & while. Cerainly, the leaming curve won't be as sie
PlaySiaio:

D as s
2 was (DirectX is stil the AP}, bul knowing what works ang what doesi't will take some time.

ething like the

ATH's Modeling Engine

The adaptability of thelr hardware s semeathing ATH s touwting as well. Their Modeling Er

© 15 really a nams
han

for & usage mode! AT prow: 1 shiad

ach shader unit is more g 3 QUEp
current vertex and pixel shaders, &

oeint math.

allow the execution of general floating
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ATI's Modeling Engine concept is made practical through their vertex cache implementation. Data for general
purpose floating point computations moves into the vertex cache in high volumes for processing. The
implication here is that the vertex cache has enough storage space and bandwidth to accommodate all 48
shader units without starvation for an extended period of use. If the vertex cache were to be used solely for
vertex data, it could be much less forgiving and still offer the same performance (considering common vertex
processing loads in current and near term games). As we stated previously, pixel processing (for nowy) is
going to be more resource intensive than vertex processing. Making it possible to fill up the shader units with
data from the vertex cache (as opposed to the output of vertex shaders), and the capability of the hardware to
dump shader output to main memory is what makes ATI's Modeling Engine possible.

But just pasting a name on general purpose floating point math execution doesn't make it useful.
Programmers will have to take advantage of it, and AT| has offered a few ideas on different applications for
which the Modeling Engine is suited. Global illumination is an intriguing suggestion, as is tone mapping. ATI
also indicates that higher order surfaces could be operated on before tessellation, giving programmers the
ability to more fluidly manipulate complex objects. It has even been suggested that physics processing could
be done on this part. Of course, we can expect that Xbox 360 programmers will not implement physics
engines on the Modeling Engine, but it could be interesting in future parts from ATI.

PlayStation 3's GPU: The NVIDIA RSX

We've mentioned countless times that the PlayStation 3 has the more PC-like GPU out of the two consoles
we’'re talking about here today, and after this week’s announcement, you now understand why.

The PlayStation 3's RSX GPU shares the same “parent architecture” as the G70 (GeForce 7800 GTX), much
in the same way that the GeForce 6600GT shares the same parent architecture as the GeForce 6800 Ultra.
Sony isn't ready to unveil exactly what is different between the RSX and the G70, but based on what's been
introduced already, as well as our conversations with NVIDIA, we can gather a few items.

Despite the fact that the RSX comes from the same lineage as the G70, there are a number of changes to the
core. The biggest change is that RSX supports rendering to both local and system memory, similar to
NVIDIA's Turbo Cache enabled GPUs. Obviously rendering to/from local memory is going to be a lot lower
latency than sending a request to the Cell's memory controller, so much of the architecture of the GPU has to
be changed in order to accommodate this higher latency access to memory. Buffers and caches have to be
made larger to keep the rendering pipelines full despite the higher latency memory access. If the chip is
properly designed to hide this latency, then there is generally no performance sacrifice, only an increase in
chip size thanks to the use of larger buffers and caches.

The RSX only has 60% of the local memory bandwidth of the G70, so in many cases it will most definitely
have to share bandwidth with the CPU’s memory bus in order to achieve performance targets.

There is one peculiarity that hasn't exactly been resolved, and that is about transistor counts. Both the G70
and the RSX share the same estimated transistor count, of approximately 300.4 million transistors. The RSX
is built on a 90nm process, so in theory NVIDIA would be able to pack more onto the die without increasing
chip size at all - but if the transistor counts are identical, that points to more similarity between the two cores
than NVIDIA has led us to believe. So is the RSX nothing more than the G70? It's highly unlikely that the
GPUs are identical, especially considering that the sheer addition of Turbo Cache to the part would drive up
transistor counts quite a bit. So how do we explain that the two GPUs are different, yet have the same
transistor count and one is supposed to be more powerful than the other? There are a few possible options.

First and foremost, you have to keep in mind that these are not exact transistor counts - they are estimates.
Transistor count is determined by looking at the number of gates in the design, and multiplying that number
by the average number of transistors used per gate. So the final transistor count won't be exact, but it will be
close enough to reality. Remember that these chips are computer designed and produced, so it's not like
someone is counting each and every transistor by hand as they go into the chip.

So it is possible that NVIDIA's estimates are slightly off for the two GPUs, but at approximately 10 million
transistors per pixel pipe, it doesn’'t seem very likely that the RSX will feature more than the 24 pixel rendering
pipelines of the GeForce 7800 GTX, yet NVIDIA claims it is more powerful than the GeForce 7800 GTX. But
how can that be? There are a couple of options:

The most likely explanation is attributed to nothing more than clock speed. Remember that the RSX, being
built on a 90nm process, is supposed to be running at 550MHz - a 28% increase in core clock speed from the
110nm GeForce 7800 GTX. The clock speed increase alone will account for a good boost in GPU
performancewhich would make the RSX “more powerful” than the G70.

There is one other possibility, one that is more far fetched but worth discussing nonetheless. NVIDIA could
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offer a chip that featured the same transister count as the deskiop G70, but with significantly more power if

the RSX features no vertax shader pipes an ead used that

hardware.

¢ add additionstl pixel shading

Ramember thal the Cail host processor has an array of 7 SPEs thal are very well suited for a nunoer of non-
)
through more pikel operations rather than creating more geometry, 5o GPUS aren't very verex shader bound
these days. Then, note that the RSX has a high bandwidih 35CR/s imterface between the Cel
the GPU it
REX 10 ex f
well have more thawy 24 pipely

branching tasks, nclading geaometry processing. Alst o i eingd that current games favor cresding realism

nrocassor and

- definitely enough to place all vertex processing on the Call pro
aoder and ROP tasks, f thi

s and o ar i

sor jtsalf, freqing uy the

5 indesd the cass, the

the RSX couid very
SEOr count 1o the GTU, bat if i isa't, then itis

ve A simil 3|

U that iooked much different than the G770

highly unlikely that we'd ses a G

The downside 1o the RSX using the Cell for all vertex proces

ng is prefty significant. Remember that the

RSK oniy has & 2 Bis link to iis iocal mamory dandwidih, which is less than 609 of the mamory
Bandwidit of the GeFores 7800 GTX. In other words, it nesds that additional memaory bandwidih from the

Cell's mernory corttrotler 10 be able to handls more texture

sound games, If a gond portion of the 15GR/s

downstream link from the C
SPU will be texdure Dandwidih

processor 8 used for handwidth between the Cell's SPEs and the RSX, the
vited in

vie situations, especially at resolutions as high as 1080p.

This cption is much more far fetched of an exglanation, bt itis possible, only time will tell what the shipping
configuration of the RSX will be.

Will Sony Deliver on 1080p?

Sany appears o have the most forward-ionking set of ouputs on the PlayStation 2, featuring two HDM viden
outpus, There s no explicit support for DV but creating a HEOMH-DV adapter isn't oo hard o do.

diicrosoft has unforiunately only commitied ic offering componant or VGA cutputs for HD res

ions.

Supoort for 10800 will most likely be over HDMI, wivich wit e an issue downt the road. If you're wondering
whgther of not there s a tangibie image quality difference belween 10800 and 720p, think about it this way -
1820 » 1080 iooks better on a monitor than 1280 x 720, now imagine that blown up o & 38 - 80" HDTV - the

difference will be noticeanle.

AL 720p, the G70 is entirely CPU bound in just about every game we've tested, so the REX should have no
ke the B60's Xenos GPUL At 1080p, the G740 i CRU
or BSX w0 aotually run just fine &l 1080p which should

profemns running at 7200 with 4X AA enabled, just i
bound in a number of sitiatons, s¢ itis quile possit

provide for spme excellent image quality

Yt viind howeaver; for the RSX 1o be CPU ted and nol texiure bandwidih

limited at 1080p, the games itis running must ke pixel shader bound,

st Keep one thing |

fofr @

ample, Doom 3 is altle (o run at 2048 « 1536 at aimost 70{ps on the 7800 GTX, however Battiefield 2
s that the

fiere it i poss

runs at iess than 506 fps. Other games run at higher and iower frame rates; the fact of the matlter

REX won't be able o guaranies 10800 &1 80fos in ames, bl there shouid be some w

The guestion then bencomes, as a developer, do you make things ook

great at TI0P or do vou make some

Microsof's targats for the Xbox 360 are far more down to sarth, with 720m and 4X AA Being the reguirements

you can expect ail Xbox 380 tities 1o render (imarally) st

aly give free 4 AA at this

resohition, 30 theres no reason not 1o have 4X AA enabied as well,

Most HDTVs will support either 208G or 720p; those that natively support 720p w piy get a 720p output

render

e will

]

from the 280 with no additional signal processing,. We'd he willing o bet that the g

irermally al 720p and rely on eithar the Xoox 360's TV encoder 10 scale the cutyd 10 16800, or vou can raly

an your TV o handie the

caling for vou. But for adl discussion here, you can expect the Xbox 380 GPU

rerder gar at 128G x 720 with 42 AL enabled.

T suppert for 4X AA aCross
guiite a hit of al
Sony has beern o

1 posrd s imporiant, beca

e On & large TV, even 7200 s going to exhibit
ing. Butthe lack of 10%0p supportis disturbing, esp
g quite & bit, The first 1080 displays just hit the may

considering it is a feature that

ket this year, and the vasi majority
rot 10800, In the latter half of the Xbox 360
vele, 10800 displays will be far more common place but it

of the installed HDTV user base will oniy support £ o 108¢

and PS3 lifs #hon

may be one more console gene
before we get hardware that is capable of running all games at 1080p at a constant 80 ips.

Inthe end, Sony's supgort for 1080k is rea
enable AA

stic, bt not for ait games. For the first half of the console’s e,
atter more than whether 10d0p is supported. By the sece

whethe
half, it's going 1o be fough 10 say.

: ot game developers
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Microsofi's free 4X AA is wonderfil and despe: farger TVs, but the lack of 1080p

support is disappointing. 115 a nice feativre to have, even if only a handful of games can taks advantage of i,
simply becauss 1080p HIITV owners w
displays. s niam

tely needad, especially on

prishably be rendered iy

Storage Devices

Both the PlaySiation 2 and the Xbox 380 feature ramovable 2

differance

3 HDDS &5 an option for storage; the

g that the PS3 won't ship with a hard drive, whila the Xbox 360 will,

Iry the on alopars used the hard diive to

Ginal Xbox, da

i of . Compared 1o the buil

offered much faster performance. With the Xbox 380, the performance demands on the hase

responsive
drive are

ad performance o more
2a5e5 the need

les

aned, the console now ships with a 12X CAY DVER-DL drive, You can expect

than double over the fest VD
o

iz that shipped with the ooy, which chviously

a hard dive in the ¢ st glimins

e {oue definizly di

e i)

This time around, M soft has outfitted the 380 with a 20GE removabie 2.5" HDD, bul s 1o

ve 1o cache data if necessary, its o

s slightly
in the system

be able fo use the

different. While deveiopers will s
will be more of a storage device for downicadead comtent. Microsoft is very serious about their Xbox Live push

with this rext consciz generation, and they fully expect users to downivad demos, game comnlent updatas and
much rmore o the wans that users can carry € arcund
with the

it is important w note that origingl Xbe, the 380 will still oniy have

a maxkimum capacity of 268 per dise. Given that the current Xbox tiles generaily use less than half of this
capacity, there’s sfiii some roon for growih,

Microsofl has also reduced the size of the data that is required 1o ba on each disc by & few hundrad
raegaintes, combing that with the fact that larger game data can be comprassed further thanks to more
poweriid hardware and game developers shouldil run into capaeity imtations on Xoox 366 discs anytime
SO0,

Thae PS3is a bit more forward locking in s storage devices, unfortunately as of now it will not ship with a hard
criginally looked quite promising

drive. The optical drive of choice in the PR3 will be a Bit-ray player, w)
Bt now IS nol as g of afeaturs as it once was.

s for the IVD video successor are the HI-IVD and Blu-ray standards. Around the

The two main comps

arnouncenent of the PS3 at B3, there was a ol of
HO-DVD and Blu-ray startdearcis: which wouid ohviously make the PS3 Blu-ray support a huge s
Hwould mean that next year you would he abie (¢ buy a console, generally estimated 1o be priced around the

S

sion going on surrounding an attempt o unify the

g Teature.

$400 mark, that could doulde as a HD-DVEYBle-ray player. Given that standalons HD-DVIYBlU-ray mlayers
fan $500, i woukd & e the adoplion rate of the PS3

e two standauds appeny W have broken dowr withouwt any hope for

scied i e pl
However, talks between unifyy

italy ino

resolution meaning that there will be two competing standards for the nexi-generation DVD format. As such,
untih unified HO-DVIYBlIE-ray players are produced, the PS3 won't have as hig of an advaniage in this regard
as once thought. it may, howsver, 81 the balance in favor of Blu-ray as the aporogriate nexd-genaration disc

andard if snough units are sold

aatured a PC DVD drive. Fro
ayer IVD drive. As such, # would not be
totaily unfeasible for Microsoft (o, later on, outlit the Xbox 380 with a RD-DVD or Blu-ray drive, once atrue

he ariginal Xbox, we noticed thad i b

what we can tell, the Xbox 360 will also use a fairly standard du

standard is agreed upon.

The one advarntage that Sony does have is that developers can use BD-ROM (Biu-ray) dises for their games,

while if MS introduces Blu-ray or HD-DVD support lader o0 [Uwil be strictly &s a video pl
WHD-DVD Xoox 3680
quite tangible in that PS2 developers will be able to store a minimum of 23 368 of data on a single disc,

{pame

deveiopers won't offer content for only owners of Bi sions). The advantage is
wiich could mean that thay could usa uncompressed video and game corery, fresing w the CPU 10 handis
other tasks instead of dealing with decompression on the fly. OF cowrse, Blu-ray madia will cost reore than
standard DV dises, but over

= of the PS2 that cost will go down as produntion in

System Costs

One thing that a surprising number of people seem 1o overlook is the idea that consoles are builticiake a

loss on the hardware itself. 1 the Xbox 380 retais for $299, it may very weil cost Microsoft $389, or even

O E Wity Console: : een mandactured for quite some now, and it has not

changad wit : fadest generation of cons

RS,

Howaver, givert the very high system costs of the original Xoox, it isn't sarprising 1 see that Microesalt is quite
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me around. There are a number of decisions that

inimum thi

concerned with Keeping costs down t a:

Microsofi has made in order 10 it fheir loss on the 380 hardware.

First and foremost, Microsalt owns the 1P in the Xbox 380 and thus they car
own without hiaving 10 re-negotisie comracts with AT or §
> i
time around foy the folks at Redmond,

handie manufacturing on their

3ML I remains o be seen how much of & money

will e for Microsoft, but it does present itself ¢ departure from the way things were done the first

S

Aszsuming Xenon i5 nothing more than 3 PREs puit on the same die coupled with twice the L2 cache, it looks
like Xenon is a smaller chip than Cel

The Xenos GPU featires a higher transistor count than the RSX {3320 ve. 300.40M), but & lower clook speed.

osoft didn’t sking much on the CPU or GPU hardware, which isn't surprising, it §1is n the au
hardware that fhe con The best way 10 understand the arey

caps!

dicdn't spend money in, s 1o look al the #

a5 that Sony did spend money in,

The Xboy 380
for the PC today. A very popular
down. Sony's solution? A very expensive, not yet in production, Blu-ray drive. As we mentioned ea
mora than $500,
as a $300 console, so we'd expect its MSRF to be
{ot of the cost (initiaily) of including & Blu-ray

o @ tried and rue 12X dus

wer DVD driva
dve format with mass produced internals is a sure fire way 10 Keep costs

sroliably vary

i 10 what you can by

1 Blu-ray payers are expected 1o ratall i e PlaySigtion 3 isr't going t© be succassiul

s than 3500, meaning that Sony

iy, artllh production pcks up.

Both the Xbox 360 and the PS3 feature wiraless control

FSUDPOTE, &
Bluetooth controllers compared 1o Microsoft's 4 2.4GHz R controllers,

AOUGH SONY SURPONs a meximam of 7

Thae PS3 also ships with built in 802.11b/g and three Gigabit Ethemet ports 50 the system can act as a Gigabil

rower right cut of the box. Adding wireless suppod isn't a huge deal, bl the physical layer as well as the

antenna do drive costs up a bit. The sams goes for gatling controllers 1o drive the three Gige ports on the

unit.

s0 offa

Sony built in suppot for more USE 2.0 ports (8 vs 4}, madia card shots { oy Stick, S and
Compact Fash) where the 360 has none and two HDM! cutputs where the 360 only offers component.

Again, not major featires but they are nice 10 have, and do contribute to the overall price of the sysiem,

The one difference that favors Microsoft however is the inclusion of a 2.5" HDD with the Xbox 360 consolg;

Sony's hard drive will be optional and wor't ship with the systern,

inthe end it seems thal Microsoft was more focused on spending money whers i courts (e.g. TFU, GFY,

nat would have othe

HDDY and skimped o are Corng

HOMI suppit in the box, et

ad the pachage (2.4 more USE ports, bulltin

wirzless, router funetionality, Hash card reade

S SOy Sppe
have just spent money everywhere, but balanced things oul by shipping with no hard drive.

Final Words

CGame consoles have ahvays been different, archi
originad X
around.

ciuraily, The PlayStation 2 was very different from the

&, and thus itis no sarpri i s e

: 10 see that the two platforms continue 10 be guite diffe

Given what weve discussed thus far, there are a number of conclusions we can draw:

Thae most impeodant thing to Keep in mind is that the revolution in phys
going 1o happen over night. The first games for both consoles will, for all intertis and purposes, ba single

ihreaded ftles. More adventurcus de , Dt
fory lity of the physics simulation of
tha fir

s engines and collision detection isnt

valopers may even split up &

2 oSt part Jon't expect w ses a dramatic (ihéil’lg‘i’: it the Gua

st titles, especially when compared o titles like Doom 3 and Half Life 2.

Howaver, a change is coming and by the end of nesdt vear multi-threaded game engines shouid be

commonpiace on both consoles and PCs, which will hopefully iead 10 much more entertaining experiences.

wili have

The approach to that changs atform: without a douby, devalopars

Trasir vk oLl Ot for thesrt.

e differant according to the

Tha fransiton © moit-t d devalopment alons will increase develspment time 2 or 3 fold, Not 1o mention

that the approach e architecting e engines will differ whethar yvou are poiting to the Xbox 360 of the

PlayStation 3. The Xhox 360 is clearly going o ke the easier of the two to develon for once a game enging is
raulti-threaded, just because of the genaral purpose nalure of its hardware, That baing said, £ woni be

impoessille o get the same level of perdormance out of the PSR, itwill just take more work. in fact, speciatizad

hardware can be significantly faster than gen
potential to outperform the Xhox 380 in CPU tas
that potential however, and it will definitely be a while before we can tnsly answer that question.

ose hardwara at cerain t&

It has yet i be saen how much work s required 1o truly

s 3,

axplo

Cell's on-die memory controller i5 a blessing for game performance; it most definitely will keep the PRE fed far

an,

>y, Even the cache size advaniage of the 380 won'tbe

Bettar than the Xhor 380's extamal memary Conir
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able to offset the reducton in memory latency thanks © an on-die mamory o

oller,

The on-die mermory controller is not all an advaniage however, a big part of its inclusion is out of neces

Ramembering back o sur discussion adout the SPEs &5 oeing in-order with ne cache, threads rur on these
processors only have access 1o 256KE of local memory, which is reasonable for & cache, bt not much inthe

way of memory. S0 these SPEs wi

depend on having low latency access 1o memory in order to keep their

pipeline filled and actually contribute any useful performance to the system.

At the end of day 1, when running mostly singie threaded code, the performance difference from a CPU
standpoint between the Xbox 360 Xenon and the P

's Cell processor is hasically a wash, The 260 has

more cache, while the Cell has a lower lgtency path o main mema in the end, tha

5t genargtion of two of

geEaries menis

will mainly be a GPU batthe between the two consoles
over what wa have with current cons

sy ooty will offer significant imprns

<

Graphics-wise the s Xenos GPU and the PE3s REX are

airly dif
2ing very similar in pe ance. Trealing Xenos as & 24-pine R420, ¢
heing very similar in performance. Treating Xenocs as a 24-pipe R420

1t in impiementation, bl may end up

could be quite competitive with a 24-

e unified shader archifecture of the Xenos GPU will offer an
5 today

pipe REX despite & iower ¢iock spead,

ere we aren't vel

advardage in the maority of game omelry limited. The free 4X AS suppa

HeCh

offerad by Xenos is &so exty yousehd in & console, v when hooked up to a large TV

i tha PS
performance. NVIDIA has mentioned that by the

s RSX isn't ruch more than a higher clocked G70 then at least we have a good idea o ds
1
PO, which leads us o helieve that the performance advantages of the RSX are mostly clock speed related,
Ax 55Nz, the REX GPU shoaws e and 1080 re
lattar won't be poss andwidih bound. We do think it was
opars, Atths
same fime, by not imposing strict AA implementation reguiations like Microsoft, Sony does open themselves

1 the RSX launches we will have a faster GPU on the

ngve 1o provlems nanding bath solutions, aithough the

ole in all garmes, mainly thosea that are more texuur

am for M 3ol not 1o support 108G, even if only supported by a handiul of gs
up to having some PE3 games plagued by mggies despile the powear of the console, Given the amount of

power in both of these consoles, we tuly hops that thair introguction w ES

K the end of aliasing in console

LA

sliasing has plag

=g console games for o long for it to
just disappesr, that has (o ve oo good to he true.

With at least & months before the official release of Microsoft’s Xbox 260, and a number of still unanswered

wyStation 3, the

in the future. The true nature of

s surely much more 1o discus

s for both consoles

MVIEHA'S RSX GFU, the real world programmenyg model for Cell, avan final hardware de

and dis

has yet to e fuily confirmed. As we come across more information we will anah
tanding of th

i, ot aril

gained more of an und oles through this art
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