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nents were essential to making money on Xenorn,

gle o
“rhal’s mﬁ our traditional way of doing business.” said Don MacDonald, an

el :
iﬂt»&? ivwmﬁv ewned {ts oven designs, redesigned Hs chips on ity own

cchedule, and made them in its own captive factories. Nvidia did the same, with
;g% exception of making i hap at either M mz,mg’m o those belonging 1o
Towa - Sermenmedueior Man *mr;i M*wﬁm sl ever
prust gach other enough t s they eould be
mﬂmsﬁﬁ it @ slngle c&sz;ﬁ ﬂéazgmmmﬁm with ths:wz W:‘sxﬁfm m brich wall

' and “ ,.m:lrﬁwg thﬁt W } K. ”?E‘é@:gf s Twa f«:‘?;zxrﬁ;‘i:&g.

b oarmg amx i &ag:,u&a B, WS mwhm% t&w
"m;} mm %&*E for im Ear&% iimz‘ ever §nr M 3

gmme E:ﬁm ”ﬁwy kﬂww th&r Mmmmfi wwimﬁ w hxghhg}‘az mgﬁz«ﬂﬁﬁamuw gammg
wsﬁ &mm:é‘a in 5:%1@3 fait ;}f wm; *&t th& g::sms* of a tmcﬁzmmﬂ wdm g@me mnsa%‘m

.ﬁﬁ:rdl 3 :
slvendy, It m,.amci 2 mz ?@f t%‘sez-:» engloeer sng wmk emz% a 3{.5}‘215‘2? on u;&ﬁh s;:s:;emx:si&-
sobd, [wasnt ag much money ax EAT] had made the chip for Mintendo, but it
weas money that Boated to the buttor Hoe,

With that loformation, they contemplated what they could do. using
different tearns than the Santa Clars engineers who were again going to work
for Mintendo. Feldsteln tepped engineers in Martboro, Mass; Odland, Fla., and
Toronte, Canada.

"We were doing & chip from the ground up!’ Peldstein sald. "It was kind of
iberating. We had long pursued the ideal of photorealism. We could see it up
there st on top of the hill, We thought we muisi deliver fluid reality, and that
would tridy be a next-generation experience.

They didn’t have to worry about maling s chip work with all sorts of display

resolutions. All they had to worry about was making # run on stendard TVs
as well as high-definition TVs, {In this case, runping at yeoP The englueers
ﬁagapz%z:i pieoes of the PC chips that were already in the works to shorten the
et sehedube, but they also gsmgmwe:i several unigue pleces that made

erent from a PO g &g:shgm chip. In essence, they needed 1o create &
m@aznmm’-« gun that fired a bunch of dots at a display screen, and the y had to make
sure that the schine gun never rareout of amme and never overheated,

Their alternative to the expensive PC graphios chip was to simplify it. They
took two different provessors that hendle separste jobs on the PC graphics chip,
and then combined them into a single processer that could handle buth jobs.
They called this combimation processor & "unified shader” A shader isa program
that the graphics chip runs to mabe g 31 lluston look real Two types of shaders
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were neosssary. One type noted where an objeat was i 3-D space, The 5t
gi,ame it the proper lighting, color, and surface texture,

En ma Mi‘f deaagr the: umﬁf:d smsim was «f;marmmmgh £ ;uggﬁg betweey the
naser @imﬁ%
o e 1& W aami s rmmy as tha 64 iimi %;ﬁk Baker orig Al
w&nwd imi it was hwm«r than the 32 the team had expected. But becays, ;‘;
was more efficient at balancing the load of work at any given moment, it ny by
actuslly be able 1o keep up with 2 gxap’m% chip that had many more of the
separated shaders. The design for this graphics chip was similar to 2 cook g, a
fast food restaurant with 48 arms, making both pizzas and tacos at the S
time. The result in the restaurant would Em mare food served, and the result g,
L games would have obleen with

exp&*fi‘ and m*}ig«*&i m Jon Peddie Researeh, bilioygy
i for the entive industry,
Microsoft would be teking & chas v being the first to undertake it The
stieons was whether the unified &ima:ﬁua could balance the workload or ney
The system had to efficiently allocate the shaders to either type of processing a
any given moment. The unified shaders were less likely w be wasted. But they
were coanphicated.

“Are they more efficient? The aswer s ves, no, mavbe)” Peddie sald. "Some
shwervers think unified shadess ave not the obvious rag,m answear right now, that
we as an industey just have to Ea.,&z  mare aboud h{}w b z%:a:piuzt them, the Xboxgee
iBa a@mt %a%wmtsm %%fmw A the s:néazstry wg}?

fh& M%
how to deal with
ondy 64 mmpabivts ! ]

figured that Miceosolt wm;ﬁd %3«& abﬁ t &ﬁ“mti about zr,@ mﬁg&%ﬁy‘tw i Kemon.
Thels wan &mh @ SCarCe resource i PUs thiat roost %,mph ies mrﬁ& carne with th%ﬂr
own z:%gf-zig ‘ i rusale

et T %’tm&? émwﬁ, ami it was miﬁim thf PRARIIN whg; mma&kt gm;:shim im@ed i}&&imﬁ?
the mmiore mg};ém}m} persesial oy gmwm i%mi hﬁfﬁﬁ{,ﬂﬁ“; g:zmgm %m;gghz

%mf.ay mm gra}a&a&aﬂg mﬁi@a mtﬁer %:Ezm gzﬁs out over ;m E{mg pat%x‘my to mﬁm
v, Dubbed “intelligent memory’ this added some costs to the box, but
it reduced the bottlenecks without requiring a lot more memory, At first, the
memory would be a separate chip that was connected to the graphics chip
4 common package, or multichip modole. Over time, this memory xma&’-ﬁé by

o

oy
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mnﬁng maxt the machine » s sy ti-2
agged gdges, vven wkkﬁsx fi&&@iayi% ;magg,m it m

?}:ﬁmﬁé@d memory mpmatmg at 25 36 g%gﬁbgfém par wmnd hvi;;&z?si ?ﬁk&? @ Emg?e
gmount of tratho off the
Lastly, ATT would mm&:&sm &hgz 35
ing PO, inte the geaphies ol
:ig:a itwif@%iﬂﬂ’? %*zwt" to E:ze“’ %

sineers ﬁa{i m ?mﬁé some %g}ﬁu&iﬁiﬁd immim’mn wb‘maw m mafw: s
g feingd mi & m&iu wm{k
Mick Be

k:z‘ 2 'frx:i W mi;, §R?§ w@ébs%e

huii. ﬁi}zﬁm have a contract, Bm it imifﬁ epouzh confidence o move forward,
gineering team te work.

] § *% staried warking on the bus, or data pathway, that would have common
: oy m’tzﬁ i}w g{,ﬁ cs_ %zam x::hs he TE@ s meant i?’m iﬁ"vi

for chip designers to figure out what prices they mué& a%mrgg: v chips that
weren't even designed vet. 5o much depended on the yvield, or how many good
chips vame out of every batch, Typleally, costs were fixed for a siicon water. If

priced kigh, But if the vighd was high, and the waler prodused eu ‘%é;ar&fng chips,

zaeh a,%zip could he ngisz:ﬁd ?mwm f?kwe were m&kmwm Gl §€w :s«ears imm

improved in the fac .msf*"
“There was both a terror of losing the contract and the terror of winning the
somtract] Feldsteln said.
fé‘ia mnﬁ:ms::i &&:ama am‘md i,%w:z n@gmﬁ&am}m; lﬁwmg &xjtﬁx gfsmpmw& rooft

; L ; ' t.ha, a:sg;%tmn i}i QU%@ 'ng ;’ﬁ"i%:i%
on Xbox 1 g ,&gﬁum dug:xsg Wh%ﬁfﬂi’ ity was making healthy profit marging, much to

#
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president of ATL “Ten-Maun said it wasnta ;s,m;as:% deal. Tt was 3 good dead. We
wontldnt have signed it otherwize. He ust lost it
Microsofts chip experes, Mick Baber and “”sfigmmi Foudeh, had defined an
impressive project for ATL They had ovdered o custonn graphics chip with age
million transistors, and a companion embedded memory chip wgih 10y m%imn
teansistors. The graphics chip would have 48 unified chiat gl
24 billion shader nstructions per second. Most g,mg}i’sm ij%ag’w
shaders for vertex Qovating g position} oy pixel {giving it textuee) ;:smmsmg
ﬁ*n, gm;a?am gmg} wmiﬁ run ai LT mﬁ‘gaﬁﬁ,m. zme:i gsmwz,&ﬁ 9;&}1‘3 mﬂéa{m

£

&?E Was &%‘m&&mg «ﬁ{ zha, EE gama console a%ugﬁ :ami ok a PO
{reg Gibson, the system designer.

On the technical side, that s what won AT the design. The idea of paﬁ:& n;,
embedded memory in the box made a great deal of sense to Gibson, I}
there, the teatlic on the maln memory bus - the ﬁista E*ng,}away bs;, W TEmory
and both the CPU and the graphics oy
shortage of memory bandwidth was the f&c%% 5 he»séi fm? :&fg‘%ﬁfﬁi
yitation 2, the magma} Xbox, and gamiog PUs. Since the ermbedded |
wias connected directly 1o the graphies chi apbies chip could i?sz:ah a
great deal of what it needed from the embedded memoey withowt needing o
w0 auvoss the bus w main memory. The game developers could have used more
embedded memory, but its presence was a relief. It would allow the system o
achieve mere of ity theoreticd performunee, B contrast 1o systerss that could
mever come close to hitting thelr maximum theoretical gm-*fmmamm

“There's a huge amount of r&fﬁzz that never touches the bus” Gibson sald
**‘3"'3@@:

pan working singe the spring on the project, Mo be oookd
gﬁm @&dmg scores faf angg;m ers o m team. im“y ’fmg, {hfz

: w{ up t?*e: i&isrsmx,mm B hmﬁizﬁw gt 3% mﬁp contract manufactirer,
iaman ‘%un sogductor Manuboturing Do, Meanwhile, Microsoft oo
wzﬁx ."%»EI:{Z W%'amh wmﬁd ke t%m ssm’%ddmi m&mwry tim‘%: wmﬁ& %:a»

contact at %T}‘;s famﬁiﬁ@&

Feldstein created solid walls so that the engd
wouldn't be in contact with the enginesss on M He bad 1o hold
Bt some contingency plans, depending on whether & phics chip would
be eoupled with 1BMs or Intels miceoprocessors, The odds weree strong that
1B would win the deal, but it wasn't signed yet, Microsoft still dida’t know

BREES wm&mg, for Mintendo

¥
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FWe hit what we called high tide i the sunumer” sald Leslie Leland, directyy

of hardware evaluation in Mountain View, Calif. "It was the tme when we had
ter firddsh all of our work 1o make the launch happen”
{areg Gibson put his people torwork on enginesring validetion. The Inds _
sipen fropn Tomvathar Mapes tearr was done. Don Covner’s team had moved on
w0 ws‘cmg the user interfaoe software, getting reaction from Cheskin Researchy
vandom consumess. But the look and feel of the hardware was done, and that
meant that Gibsor's tear could Anally zero inon a single design and asingle set
of parts fo test,

G‘iiﬁ%mm wmwii ﬁ:z:« tost wﬁamw:r mmy@iﬁmﬁ h@ cmﬁréi h@fﬁsw e c’%xim were

e iﬁm‘ bﬁ&i‘ﬂi B0 %Exa’i ﬁ’ae@ cmézi TUN SO mf‘ &ge h&{dw&w timt Wi s:‘a::gd*{
They tested the YD deive, the wireless garoe pasd module, and aversion of the
operating system software being created by a team headed by Tracy Sharp and
sy term together and besting it Gibson’s
hedude. Ther dide’s bave s walt
start testing ;:a.am mf zi

Bhot all of th e
as @g,pmesi 3 'Liw 14 ixx

Lain %fzé;*w wi&u& tif & gmgm&f& w&;& i&ﬂ&iﬁ% b a
daseription of what It could and couldnt do, e remu eally oo ity
version pa? But i was ﬁm}ugh 0 %mm the opersting w&gm M iﬁ the systems
that were dependent on the atided never be

in September, 2003, ju inishied §
: thy g,m@%m‘a dﬂg}u It

i:&gg:a msﬁ, 3l Ewwmt ikw ] 5}1@ % mmmm;wm w:?@ ;f W miwﬁa mari@i o the
hard disk drive. Adamer said the chip stayed on schedule and never rose high
on the radar. That was thanks 1o an engineer named Yahbin Stm. He had visited
Tabwan so often that the manager of the A sader Hetel in Talpel took hdm
fub b dinner One of his counterparts at S5 invited Sim over so frequently that
ke rean'’s children catled g
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