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In ,h" pre;o,n, _ P'--"" "*'" p"'IJ"*'n,,,"io,; """lei r", ,be C<1l B~ 
.«hi."",,, ,,, "f "".1., mul"p<o<-n. W. <oJ l ,hI> I""!:,"mmin~ _lei 
C<IlFS . C~IIFS oJ ... • , .Implifyin, .he , .. k 0( ma_inl 1/ 0 bet .. ·"," 
,be ""oj .to", 0( ,110 i>fOC .... ,'" u"i", ."d ",0.1" ""'mot")' Tbo C<IIFS 
""PPO<' hb< ... y 1'"",.<1000 ,bo ....... ". 10' ,,*, .. r.<nn~ d .... ~ ... " "'pie filo> 
1/0 "P"'.'IO'I' ... .....,n ,bo PPU on<! ''''' ~PU_ 

1 Introduction 

·n .. c~n Uro.ulMlld Engi"" 17] is H new M<hllectU," aimeJ '" pm,idln~ hi"", · 
p",f<><It'~""~ <"Omp,uMkono! f",;lll'" r", Ii<><It,ific anJ med,.. bj>plic~t;"n._ E, .. ", 
tboogh , be Cell B£ w" d.>tite.n"'; ;"Itl...tly lor ,be 1Bml", ;,idLl''''Y ~ud spe<i ~. 

cally 101" Sony', Pla)f>lta'''" 3 pm. consol •. Co li «>mj>U'eJ'lj It" .... bot" .",!>raced 
by th~ ... ienlifio cOfnlll" "ity Wr lioel, pOtent",1 t<> den ... , lti3h.pe,lotmanoe 10 
C<'''~i" ~ppli<a\ionJ. s.V<),..l l"'le d u.l .... <"Omp';".,d uI Cell p~ ""e 
cUm'n"y bei"l\ bu il' a' """"'" I""ill'i.". .. -ith Ibe _ pl'OtJlloing ~ng fioad· 
Ronner. to be deliV<).-ru in \!>< mi.tdle of2007 he", at Ihc Lot. Alamos ","a\;"n~1 
l.abol >II Dry_ 



rh. C.II vru"" ... ~ " 'M'~I .~,,'I "''''''~'i'', IIC~ "rd"\,, (u<'<: ~ ,," h '·"~,I. "g'" 
,I .. vml':'~'''me", '" hud '''''''' ~'~Y> fo. explo,," ,« 'f> rull pu,.",.uJ. 1'1., 0,11 
~",h;,..,,,,,.' 10"" ""'" e~plo""<1 ~, oJl ~', ... I' " 'i'h """,,, ... 1< t..;n~ ~',n" '" n.·~· 
I".,,;rammi"g mode]", ox"",,,"(')n ~I • . <01"1'].0,,"_ I,t.r",v OJ>limllatio,,. and 
<>P<"'''''~ ,\',101lJ de,\~l. 

The <Hnent \n'nrl. in romJ>Uter ha'<.lnn i. ,,,,,,,,,Ib .t:cre",'",s ,ho, pll.C_ 
,~!.I"M\on "'," .]"W~ ehil' L\ pULlI", " ,''''''' p ............... <,.<>1 '" "~P""'''''''' ' 
,," ,b~ ",me ~l. Wi,h Cdl a.,..di,,~ ,h. fn:;, ,,, ill multi·"""" 1""'~'><OIl.' ",',. 
"ms ~~ t" ,\>" 111.,\ ... ,,,'~,eh in ...,ft .. '~,,: 6UPI,,-,,1 ~·; . I h,,'" koo 'i-IM(;nK .'If",~. 
o"lJ impl"'Ati<o"" on ,II< fu, "". o f hll\n·I"",ronnaJ"'. roo'p""n~. 

1" l it .. P"P'" ,,~ J'''s.:ri~e ~ ,,,,, .. I Pr<'>II:''''lLmioS rna<l.1 for , !It C.II 0., 1,,1 
C~'II'S. 1"'" &oc.I,nal "" "," fur d"wlopi,~ ('.II FS":o p, .... ,,' to 'he 1"''IIram· 
",e", A f&; 1 ,',1 ,In,!'I. i'J1.,tf""" ""hl oh prov~l ... ti,e ~'A"'"L'" wit h r""" liar 
II .. Lt.mi~"'" fot ro","\"niChti,,~ ..... 1"" ... " "'I"<r~'p j)ml' .-.r II,,' ... "" " ill, .......,.;r"m 

'" 11., ""h,t.«''''o 
The CcII FS P"'I'A""ning ",,0<1,1 f"Ovi~ ... ~ POSI.\ -li .... 110 i" '~tr ....... rO)[' 

",."c",," ,ug 'h~ ull'> ",3'" "","oocy rrorn ,h. oo.tnp" ,atlollal uni ... T!,,,, mudel 
ca" tw N",ih' ~'le",Io-,1 '0 pm"i<\< o"",mu"",a,ion "ha",,,,I. l.oM~·cen 11 .. <I' Ir, n' ", 
""'" directl,' fi"<.l. "'m~ ~"",>tlly. CIW pruvid" _,,.. ,,, All ' '''''''''' ''''' uI'~iIAble 
,," ,h. C.'II hmll""" •. C ~IIFS " .... ~i"'" M '''Pi"",,\, ,h~ """" of"'n u......J ",pl.,­
oolf"Tlu~ vr"l'."alll""n~ with ~ ,imp"'. <"",Mly d""l':n«.l, <o,uuun~ moo.1 in 
w""'h romp"t~'~"'nlllnl' •. or. ""beJ,,!.,J OOI>~'"lw'y ,<> l "ovIJ~ a I\<'oc,,,j,,. 
"Lie ~,,,,u'ivn wa h non Llo.-km,g, M,,>d.10llOll> """..", to mal" n",,,1UI) 

The r"I:"",ing ;<'C,Io:" ... ·111 ~...,.,it". Lne~~' 'he [Wt." or tb. ('el l ,\ ... hLlC'C'Uto' 
porn>tlm,,& '" "''' ;""1;"'''''"'''& lnoJ"; , , !to, f"OII,nmmll'l 00,><1<1"",,1[' .. ~"Il .. 
, .. i",plt: 'n~n'Mi"n ...... ha,,, .... ,,,p lc·,('<1 The IJ<""'" al:;o ptrtt·.I"" p.,..fOflll"""'~ 

'.0";<" rn, Ii" ,·"".r.' iu'p!"n .. n'a,Ooll or (". Il'S nn<.l d"",~ iIllPWIC""'"'. 
~llJ lu" " .. ' ,,'....-1: ,," "",.., rw"",'(1 

2 C ell Architecture 

n" C.II ""eh,'"",u,. !",. I"",,, <.li>< L.......J in tkl,,11 .kwl,e« i4j ri 1] . h"""" .. " 

.. " ",,11 <.If'l'C,il .. tlw> """t ;ml'''''''''' "1""'" M ,; ,~y !>,'f ln", '" "," t>;~' 1" (>­
~''''"'HOO~ ".....:1..-1. n~ll,,'h' 'Ue II,,,,,,,,,, a!<h"",,'m •. t1><- !,Coce>oo! ,",chllL'C'UCO 
"l<~ tlw> """""!>L"g ",od.1 " .... J ,h'(>IJgbu,,' 

Th" 0,11 ad,"""" It. »<'rroo-,,,,,,,oe b" 1l"i"' llK , ... " J 'If"IClll {"'ll~ut~'i",,,,1 
,,,, '. 1, ,10< p""", r""""";Ull Unit .... F.lon",nl (I'PL) a",l In. !h""'t;", ", 1', .... 
""",ms L"lllS oc ~:Jemo,,'s (St '!! ) '2,. """"""'" 'fhe '-'p",~tin~ >Y"~" ' IL.IlJ ",.., 
[,,,",,,all\> '"ro "" 'ho P I'U. " hit. ,10" g SP Us 8", "",1 for oolllp'!lMi<m OIfIotIJ 

'1'1> ... PPl; o>f 'he ('ell L." fully_",mpli",,' (.-I·bi' p".. ... , Md'i''''''' .... p"......."...~ 
I, to"" <'OI""'"IOl'Ai "" •. """ '" '"All' "'""",,,', d;"., ""J ",I"" [,,,,,,,,,e .. ,,~ch ... 
"",,,,,,k. ""rl ls Ji """ I,' "",n«toJ t(') All on-.chip b,,, . ..... 1"g "" the intercom""", 
'0 ,ho SPU. , 

E""" toough th,· PPI) l>r ~ rllll·bk,,,,,, ptO<"""" 11' ;, 1, 1.1 ~,,~ L2 <_rl,,, 
i, ;" qui'" IHki<rp<l"l'roJ [')' ,od~y', . 1..>"rlA" l, ,..t bv 1"'''''-'';<>rLO r'VOl ,~I,,'r 



.'d'i'«''' ...... ~<h ... A MD'; (i.j·bi, Op"'ron, [n ut,!.rr to o~ up Ih., operation 
or the CfoIJ comput",.,,, m"" be <>ffioaded to the $PI;&, 

The SI'U [2[ inlp.,me"t; ~ ""1>"<0'. iwrtrUC'",'H"" ~r<h itcet"re optimi<etl 
lor ~rlorman"" on comput"Uono.lly in~,,&i,... applica'iom. The $I'U h .. a ve,y 
)j ",ilbJ 10<lll . tore to which "II ",emory .. ,,,,,,,,",,,, are p<'rlonned . CUm'ntiy,he 
Ioca[ .to<e L, 2:>6 kilobytes. In order ,0 .,.-.pu la.., th .. 10<:'" 5'''''' data is Ir"' .... 
r"rr<>J bet ...... " main mem<><y And the S PU via ""yncllrQ!JQus. coheren' d i"", 
''''''oo<y,..,.-...,. IDM Al "",nmand>, There is "Upport lor up t~ 16 o"\"~nd ; "g 
DMA reque;tA OIl each SPU. D~IA is prognunme<l e it.her o"~by""",, ~y i""'rue· 
tioos """"u' i", on ,h. SPU. by p"'p&rilll( 0.\1 A Ii,,,,. or by inO<!'rli"g ""~"'3"di 
in ,Ite D~lA queue from ano,her J>fO<"'SSOr (",ually Ihe PP U) All i,,,truct;Ot .. 
OIl 'he SPU am 12!\.bll "In~\e I.,,,,,,,,",ion multip le dl>v. (SI~lD), Th. ~I.m~nl 

width of ,h. data '''" ""y down 'Q ' ·bit. 
&sid.s DMA, ,he Cell ",clt l,ec,ure imp*_u,s se~,.l uood"" for !JQ\lf", ... 

tK>O e>f external .ven ... ~nd .yn<;hroo iz"'ion t>e'""",n the PP U aud the SI'U" 
Mai lboJ<"" and S;gnab. Con""'Ulic~'lo" ooo u .. t.),roUKh ch~n""l, Ch~" ".1s 
a,~ un i<J iffiO.iQna[ ''''-'""''lIOI-passinS in",rr,..,.,., ," pponin~ 32· ~it on"""""" and 
"",,,mands , F...,h SI'U tta. It. O"'n se t of o)",,-u,,,b suWorti", ''''' ,,'Ailbox,," 
fQ' .. "din, ~ from lhe SPU to , he Pl'U "nu Qne maill>w: r", """d;", 
"""'"ages lrom the l'Pt; to the SPU. The cham"' ] int . rf""" abo . uppe.-ts ''''' 
~"k~"Olili<'at;"'n ohM "d. (.i~"als) for inbound m_"" I<J tOe SPU. This 
"",hi~"'r~ often Iorce. ,10" I'Pt; 'Q "" uoed ... ~n ~pplica'ion """,rolle" man_ 
a,;iug aoxl dislrib,,,inll ""rk to ' he SPU~ 

3 Existing C ell Programming Models 

T he Cell 8rchit""'u," n L~'ks 8 . igniIk3"t ."'~ in 3dvancil1, h",""w"",, de<iJ(n 
~lLd Jilt .... from couwn, .,mll 'nicrop""""""'" . igr.ifocABtly, While ,ner. M~ 
oi,I1;"o&I1t improvem"n'" In com~"\"' lonal p""'",r and n,enoc.-y hand ... idth of 
,Ioe Cell proa!8SOnl •• he)' cau """il)' "" lost i f 001,,,,,,, ... uUhbl. to u.ili" fully 
,be resour= provided by 'ho hnrd ... .,... While ' he ""II Sl'U. are I""" 'he . m"'] 
si.., or 1ox~1 mcnL"'Y Md ,"" cotnm"nication ,..,.Inotion_ imp<,,<'cl <J/l tho" , fQ!'C'8S 
progr"mme .. to t>e '''''y C4re[ul In otructun n~ ,loci" oom pHI&t Mlnal rode ~'hon 
pe.-tl ng It to the c.,ll This 00,,,plic8"'" 81reaJy ootl-t,iv""-I i",p.,m.nt~tio", of 
oc ;'n,ific rodeo to "" e""',,' wh.,.., "W[ic"tiOTl progr"",,,,,,,,,..,..,.j to explicilly 
0 ...... &OOu' .u<l, thi"'" "" ochoouling di""t ",",nary ""cess I>et ..... " 110" SPU. 
~"cl ,he Pl'U. 

1b /\Ie,.;",,, the problem e>f microm"lL~;n, ", .. ', "",mary IooIprin, Md I/ O 
(}l' the $PU .. ",rol d itre",n' P"'llr"mming m<><l<b! ha,,, b«n p~ [JI, which 
10["" ,he s;ngll'-;nstn'ctkH'.mu ltlp~d"'a (SI.\lDj M,"re or ,he d .. ,I<fIo,,' beh;:!d 
" "'" or lib,,,, ... <J< "",,""'!s, ~""h with lI. t>enefito and clr . .. 'lw;k. Iklow "" 
dbcu", tI .. mAjor m",hods pror--l by ,"" c.,ll's d",l"""", Ii i 



3. 1 F""ct iou ullloml 

I" t hi> mod, 1 II.., _Wll<,,(ioll nw' pri"' .... il) "" (10 .. I 'PU ,. I,ileor", .. ,fic fu,""i"'I> 
from ,t.,,,rl.'I.f'(i IIhr;,' ..... ,,~ "l'ti",u..,<1 10" ."""ul"," on tn.. $PU A" ~ oHlo."k-d 
'0 ohem r", I"'(e! ""'''Pdl.a!l''''. ThO; ,tIO<.l<t" ti l~ ,ionpl"" I"""~,, ~p~ltco.l"'" 

;>,,,,,ra ' ""~·T·' po...int "f ,·i .... ~nd otl~ ... the """m' of lIli"in ,," '''''''go '''''I'"''''' 
""'"t. for ~, ,,,tinl coJe IlIl ". ,,><», n...-luoet.l Ion" 'he bPl>lk3,lon 'ull> "" ,I\" 
('PU ' '''''''Iy. newr ..... I"i,,", ~n)'h,n, [ro", ,I .. SP li l 

W I,,; .. Il>clul for fa.t d"ployu~'nl 'h1> Hlod.l suffer> 'II':nlfi""",:y in ,,,, veri", 
",,,,,,,". IlL I" .... . , ,,.\IIin& a,,)' comp'" ~'Io"ally I,,,,.,,,i,,, Co.le "" lh~ !'PU _,hollJ.i 
Do: I,,,,,,oed·tipyn ... the I'PC "si~mflo"Lltlv .Io",c ,h"n ,,,; ,~, LDIll<"..\-"",o,) 

p, ........... '" While lit-.ra.r. h"'<t"'ruo do ... .,..Ht. r .... ' ~'. tl", ,n:tjoc\') "I "" .. 0 ... · 
cud~ ,"'"".,.. lh~l ex"'"",1 " IPI"'" hbc...-"" '1L,·h "" 111. .-1.:> i\ll 1.0< yorl,,1 ,,00 
op",,,l.lNl 1<" 0,,,,,,,,1;011 "" ,It< ~ 1' (Jo lh,~ is """,""w, "si~,, ; ~'-"'''t "" .. rfil f", 
~ p'US'Hm,uo ... ..- h.d, rely I.·".il) "II ~~I'h's 1Lbc~,"" 

.3.2 StrC;llninK ,,,,d huffering 

S\ .... ami,,& ~"d tn., 'dl'l .... bu lle,in,g l>1'Ol\'''.mmll'~ ffio.wio pn,,,ide,, ",<tho« I"" 
<>\l'inH."n~ I/O Of compul",,,,io,, hy l'il"' I II""~ <la' a c l"I,er l.el~~"" !Huh.I)le 
SI'L , 0' by "1\,O(iog mu ~t.i~1e huffe ... In,. In l ,\ to ~nrl from ,h~ PP U, th,,,, !,,"c_ 
f'-"Il'inK 1>.,," "'rnl'"I~'i()" "lid <""""'Itl1<"a'iot, o.r. lh. """'" 1i"", So",a,"i,,~ 
".""lIy ,",,>I,'e< r-mg tho> ""mo chunk 0/ ,I .... twn, 01", ~ I'l T 10 ."...,.he" ~';lh 

eaeb ~I ' L l,.,,-Ior!ll'''~ ~ PNli(lIlfIr OI~·.a''''1L !Juf!"<1;"~ n><><kL. im-ol, .. "u"n~ 
"I' '0 'h~ .. <hulLl<. of d~,,,,,,, tl .. S PI . '''''> of whkl. "'. b.,,,,~ tr~n.lerro:<l "I., 
U~l.-l eahe' W <>< frullt ,ho I'I'U ~'h;k ,h. lh"d '" Do:mg w..,,-ke.J "" lo) tb. ~PL 
ibo,lf 

S""~m,"g lind bulf""1lg both "Po." .lj(n:fic .. ,,' I"'riul"""" ", ilnpro""",,,"'.,. 
Io""o-.;r I",,) als!> h~", M~"'I~",k < g",'Au,illj( ""'Y ,...,. .. ~tl ,"i, .. 1 fot """ '~ 
cumvu,,,,;"".zol mo<Iol.. .ut'n ... '"->Ill" ~-hc,e d"l~ ffil\Y 110\\' ,h,o\lj\h d, Geronl P", h.. 
""1"'IMl'''i 0" rl(!<-i, i<;N1> , "..:I~ 011,1001 In Ih~ ~ipehne, U<1I!er''''j; 61t.o ,,,If",,, fruw 
,10M w,,,,,. ~Ul h,.. tl", "".-J..-,l dmwbaok thM lhe 1oc,,1 .lor".!;. In the Coli SPt!, 
.. , t:;lj k;lo~·l""'. ,. 1".";",,,1 b, , oJ.w·, >lhl'U:ucl. 

3.3 Slim-cd -mcmory Ulult,iprocL'"s sur 

nl< C~ll ,'all b,-, progromllK, 1 "" ~ . hare<J.on"mu<y '"nllll>! ..... """, ~-" h \he help 
,01' tooth lh~ "fl':,atln~ ' y,wn and 'VOlP'",,,, ~,><l lihr"rioo< In ~ .h.",I-,,,,,,,"or) 
"",Ioip~c . ". "",or,"'" 'I., S!'U M<I l' PU ""it> ope'H'" u, ",·""1 ........ 1,,,'",,' 
.</on .... oJ -o"'n ..... y l"vgT~m'"lr.~ ",,-"1~L Con....,nt....w "'~f(.'''). ___ from til< SP1' 
",e '''''''I''<", ,,lly "pl .... ed .. ith A tJ~\ ,\ "'r>e'~t"'" fru", >1.".,j ""''''''') tu th~ 
SI't:·, 1oc~1.1.O<o> 11w 'h~,ul - m~"""y tn" lllproc__._ h ... I 10,' <I;",,-l''''n~(' 'h~l 
'he :>I'li. ""d l h. PPU 10",,, Mh.", lnst"",flOlO""'" AIs.>. ,I", """t ,,/ co"-""'" 
f).~],\ f<>r ,all<lom 1Il~"..,r) ""~ ,I",uk! r __ til< .,.",,·u, Pros"""I1l" "" to 
lhl"k alooUl i"'pie nLe,,'!u/,: a cad .. oj',ten, 101 the luccl ""''' of tn., Sl' lJ 



3.4 Computationa l accelerat ion 

Thi. [>fO!I;1"I"um ing .......:lei ,,, .. '" lhe SPU .. au """" I",.",,,," for I\U oompu\.atIOMll}·. 
io""",I>.., <:Od€ .... ilh tb. PPU w;<d ,.. ;m I/O arbi",r. We de;cTibe Compul.a­
tional A,,"Ie,~\ k>n fully in _lion 4. os our v~ tI,.thod .. a ,1\lialk", of 
U,i., mode l. 

4 Our proposed programming model 

01:>ooo ... tiooo of """.~m,n",", It",.,. at LANL ... ltieh am porting exioling soft.,ar<' 
for tbe Cell condude thai the moot impo<U.nt and liIDoO<Olt.umi,,~ <iron gcu 

jot" C"""!lin! "'" ,"a" ' ru]~\i"1I. I I ... "'"""""Y mauoge'''''Jt\ ,,>odel of the <-00. \0 
fit t he on"" ","';13bl< for the new IIlchiuetu.e. Due to the . p«ifics and memory 
oo".tl"loir.tt; of Ihe Coil 3rcl,il""\"'~ ,,~a,!y "II pOrtil'A "ffnr\, __ h~,'" '<k"tifi..-l 
end up h3,in~ to ma~ DM.~ to Aud from the SPU by thm""I""", JI"vi"~ 
tn d"", to ou<l, 1ow·),;",,1 abs1.,,,,,\",,, is , ...... !" iv;"1 and ""lUi"" ,,101. uI effort to 

·'get right" on the pan 01" the programmer. 
Ou, d .. ire is t" I'",,"ioo a higl""·\O,,,,] tIb8""",ioo \Ita, hides Ihe 1'lO"ticul>lr. 

i,"" of ""oh D\IA ... ~ behin<.! a moo.,1 which moot. if n"t &II l"'OV""'ln<"I'l! 
~ familiar with 

W. ha"" ki<-n,ifioo Ihat the SPU main ,pent"'"Y _~ """,lei i.< oqui""""t 
(in the ""0"" that it utili.,," DMA "an,f ... ) to t he acceu model a tr..Jilional 
CPU lr'" to har<! <.!l,k, We belie ..... Ilrat tlte fi),; "y",em "b8""'\"'tr is ",,,II >u 'wl 
10. main memory """"'"' from the SPU. We ~Ioo 1><10""" ,b~t ,!rio model .. ",""II 
undellitood by a ll P"'II'''''''''''''' (amililO: "'th C aud POSIX ~"'K1"lOn"trng. 

R0l'",""n,ing opera,i,'I; .y",~m "'"""""'" "" m .... a 1'''[&,,,,,ly old c"O"rep' 
.""Ioltoo to &0"", ~.""nt in '00 or;~inal Ul"IX operating 'Y01"'" , bott il ma'ut«l 
exton. i""ly with the d.""iopIDOnt and ",I~ of tho "P lan 9 from il<1l· 1.abs" 
"""rA,lng ,),>""m 181. 

"PlAn 9 f,...,m »Oll-Lat>." ' ..... 3 .Imple. yet wry fKI"..-r!u l rommuoicntk>" 
protocol to f""ill t ~te <c.mmunication bel """,n different ..... '" of tl,., >)'Slent . The 
pMoool, "",n.xl '"9P' \~ I alrow. i"'torogc'trous ",""u"", 8h3rin~ by ")10",;", 
..,, "" .. to brrild a hier.,d,y "f fileo <:<>rre5poltdilt~ to raJ oc virtual 'y"em "'" 
'"'"'"""" whkh tlte" <lie" .. """.".. ,ja rutn"',," (POSIX· like) file """ .... lioo. bJ' 
.. O<Iing AI1d ~vi"A 9P ~_ 

001' p""""",,1 progtarnmtrlg m<><lel cott:Ilsts of \~"O j)IO:t.<; "file ""'= aud 
elk"l lib,"'}'_ Tile file .. ....,.. """" .u"" on 'he PPU and p""'id ... An inter f:.ce 
to disk. main mer"",y. pi~ and lite. residing Itt main memory via """"o-aI fi le 
"y .. emo_ Th. filo 0Y""'''''' are .... d""niht:<i in t.a/t .. 1 

Code runmn~ on the $PU. """"""'" this hie .y>tem via libfl"Y ....til; rorro· 
'i><'udiug to "ot"m..J POS1X role O!""Mion" To open 3 file "3roW too t ," /'''p 
o.It ,~ main file system of the Cell ><ltd write to it one woy ld write: 

I d 'spc _open( "' >J/t.p/un·): 
_PC." riUUd. dst_. nOlI); 
spc_<lou(td) : 



# V 

# R 

#,. 

It, 'fl' '''oot) 

, "lIo~-,,~ " ..... ra''''', "" fIb e.i<","~ 0" t'" oj,,,' foIr ')"'U'" A,,"""'ibl~ 10; to. PPl" Fib 
S<fI"d loy Nli ltl" "",",~(l .... l Lo "'''''' ULc'Il""V:O 
,,,,,,,,,,,", 1/0 l"""h. i<id. 
~'mil", to /IV, tool' chan~ .. '" 'ho f1b aro ,,,,I 
l>rol'''~n",1 l" ,j," ,h,k -n,; ... "lnil-<tkO!. I" " 
read-only file ~)'''''''', ho~~"or 11 all.,h ,n., ~I'U. 
t~ Mt"mUhioM,< rlara ....,(~,...,fl """I, <>\"", .. '" ,I ... 
com~u"'tl"" pm,",'''''''''' 
0 .. "" "au U,"' ,h" fit.. ,},>,~t" '0 ,',..,ate ~ h~'oeJ 
P:I'" .,hkh <Ml b,; ,",,'<1 (0 c'>lIltn~lLic",e t.c\~", .. n 
clo""" nm"mg 011 d!tfe,,,,,' ~I'li. 
LOll tile ,ystMll U>ffl t~' lilht .. 'c'~h( lih'b')" rou­
,i" .. r"I>I.,,,"~ printfO 

Due to 'he nAt~'" of U.\JA " .. """"t 10,,", .."y .ing ... 'hro • ...Jed rode tha, ,1."" 
0" .he SPLI ~',II h, .... '" block ~r\C, "",,, i'\lt ~ f)~TA "'~""'t \1"" ~·""tiH' '"3iu­
I\blc ncl"" s.,,,ni ",etho<!. ie>< ak'-'~'"J K thi. pwblem h~\'e """" d.'''''-'J>«!, 
"''',uoJl)' all t>f ,i,"m rrl";n~ 0" ",,""dulin, r,~\ \ ,n ...:I",,"<~ ,n"", h 8 wa:. ,hM 
romputalion can ,,,,11m,,,, "" tl .. ~PL' witlooUL w .. i',,~ for O~IA rompl~'lUn 
Th", " '''-H'''loy "'J"i"" Lh"t ",or. 'h~n "' .. m""..,.y bullec IS i" Ih,' 1,~'~I.\"", 
"n (I .. "Pl'_ T~'pIeAil~' "UI roll,,«,"'" ,,' I,A.\ I. h~,<, ~idftl on a 'ril'le-~"fr~",,1 
mud e! in ~·i"ch ! here "'. LO"'" ~u!f<", ,n WC",'Of),' one t.ci,'f: 1)\1,\ ·d c>ul tu =<10 
'''''''''''"l. ",,,. OMA·J I,., ""0 on. OIl ~·hich tho- e"mp",,~t",n I. 1>< ;"1 peTI01 ,nN! 
The <<>"'po;'an"" .. ! kerr..,1 th<n brt'Oll"'" mrne '''''''1''"",«1 "",I tr." IIuw HI the 
<"<,>'''Vt" .. li<>n;'' Ln.h" np loy I,n,·;,,&'u cWikith' ,.,Wu" lH IJ\ und d, .... k 1..-
1!",iT cou.plt-<"", .. ",-"", .. ~,-"k 01' OJ'" t>f the ~ulre" I"", «""pl.te<!, Tt,,, 
u"'iU·buff"nxI "',0(;0. c<Vioj"rJ .,t.:w., <I"..,. It""" .. 'It,,~·I.>lo<~ ,lUi" '" tl'" I", ... 
thM nut a,l <Ofnp"'Mion, m'plk"I\' H, ,ho. model. I'lml .. ,,,=o. t;'" extra .,r_ 
o.,rt f<"qui,,-..-I '" s<h.,j,,1c the ",",-<A-I""d eum'",,"o<~1 \<II, eM .. _ ,..,.Je I() t.c ","'~' 
."",,,'_prone lh"" ".,.~l ';nee " nl"ot <a,~:alh ha"dl< to.., Muo,,,,,,· condttio,,,, 
b<"'.'~H .h~ng'"~ ~"rre", 

II'. ha"" -oIv<>1 the I"oo!<m '" b1oo;k,".!; ... hil~ D.\IA '" in tr"",tt. by '~k1n~ ~ 
c"-...,fuil,, d ... i~,>eoJ "->fOOl"", ",cxlel ...tlowin~ ",,,, .. , th"" ""8 roUJpu,at.onl'l t"<><lt­
'" ~,,,,,,,t~ in n "n~l< SPli_ h, the <"Of"OUlino: model ,,~ h~'" f<OOr",,1 0"" "'" '''''''. 
(dUOtJ", .. r"" ou L"" """. SPU ''''''' P''UdM,lv, II h.u"wr ~ h.nctJ"" ""l"""" 
""'"''''"). ""'_ LO 1000~,ioo", oul",l< o! ,ho on .. .,,,,0;<1 in the SPL'·, 1<><01 ;.tor". 
,hI> «_""u: " .. ",,'O'"ki block and "no<h~, 0"" w,1l >tMt <"""uI,n~ ~·hi!. 'ho n~lJ\ 
01 t"" tu.' <'OZ"P"'''''' Th. "",,"'I d.oeo not "..,,·ide f ... ilr,ios for P'''''"'I'''"~ n 



ror<Ml\l .... ,,,",,,Ion> """ _Id rom;nll~ e""".,kIa "",ll il 10 """" ~ ,II" 
CUJ1'1O!1t .-.0101')' ~bllnk '" 'M 5I't ;·. 1ox&1...,..,. 

Tho """,,.J;la of 'M """"",ine n><>del "'" -...I. Unlll •• U • .-JI or norn,..t!y­
-=Iordllled OS pto( W • coroaU ..... ""«:u~ comp\et.el,. ~'R"'o;aJly. ,h ... 
.... """'11& 'IM!.-:I b lotkillf, or mulultl ""<I.....,,,. The """"",in... can .Iwu-e 
aD __ defined iu .be SPU code ... Ionl .... hoy <10 not 'ry sh.villf, .IM! 
IMmIlrJ" 0JM00 b .. hid! OMA may be in po~_. 

eor.,..,,, ... ""'<f..,u!doi"'itarl,. '" POSlX .b.--b.. ..... net,.. ful>Ctiorl poinler. 
pU"""'''' pOintft- llDd Mod. bug.,. poi"' .... "'" ~ "" ,be libtary wbid! ""''''leo ,be ... ·up"'-. A ,..w corou,i ... it DOl; immed....,ly """.,,Med. but 
10 put 1m a FIFO ..ur.inr; q ....... Tho IOIlo.imS code cr<eteo a"""""""" ..."h a 
,;tact: ..... ~ ..000 by .... which prill\.O A I'fttinl. N_ thaI lb. code .. ooi<k ,..;", 
,be prlmt t O Ubtary CIllI. i_eM! 1.001"11'''''' ",..m",..., lidI'wridlt IOj>C.1oS0 
pNWided by our lib<a.ry. 

char auc k(409fi]; 
.014 
~od.old ' ''S) 
{ 

, 
.014 
eo ..... iD!) 
{ 

Heodeor. lULL, nack, alzao! at..:k), , 

5 Implementa tion 

.\''''n tvv.IoI for 0'" IIb ...... y a .... 10 ~rovid<: for op"miud I/O """ra.ion> to 
"nd (""" """', 1I",1I!O<y "'''' to h~,,,, & ... ry low ' ,",IOOCY (OOIrriot 0<1 ,h. SPU. 
W • ...,'" .... ,y """,f'" III <hooo<I"&. proIowllur our . yotem. Our ""'l"'remen", 
clllJo"l rur .....-,ltlll,ll lhAt k& both Ilpt ...,ixht . l"" {XU'Kleo! ""PIIOI"I. f .... ~II file 
""", .. ,,,,,," 'h .. ' .... req"ir.:d. \\'. "~ tbe 91' 151 p""'-""Ol as itA used in ,II< 
- I'IAII 9 ("'''' BIoI!· Labo· """,,,tlnK ay.,,,,,,. Tilef~ "'" "",,->ral """",, .. for lhlo, 

• Slmplkl<y, t l .. proto«>! 10 ... OI,iy " hM,df"1 of ,~ which .noon,­
p ...... II major Rio of'..,.~tio"". l"'t It ran be implemented (indlldlng Ille 
<'OI"QlllinQ «.><I. c"ploln..-l .. Ixw<I) I" n'oolld 2\m Ii" ... of C I"Ud<-

• Rob"" .. " .... : 91' h ... be<1I ill ... in tM- P lan 9 oper""in~ ay8l.m f<>r over 

""" 
• "'chi,""tlll~ i!l<~[Wn''''''''''' ~I' II .. t.t.on pOf1ro , .. lid ,,.;oed 0<, .. II Illl'i<» 

CO"' I"""" nrchlt..."u,,,, 



• 'it1llBhl1i" .. ,It Xep" G, "",~ ,....,. 91' W ro ... "" ."d ~X<'<"u:r ~"''''' 
Oft "",~al Ibvo....,Ml """"" a' tl., """'" '"n" 

~'n,~ t~ 91' n~ .. un( rl,' ...... ly __ ,.....ihl<- ~ ,hfo u'." aU 'mp"",..n,a'ion 
<kta, .. I.oelo,oo.' <I ... nu' "',,,,,,,n "n<! ~om. 

,\ 9P ""',),'" hoi .. """ ~ "'W1".1\<I b d l<;nh """" ........ f ""'''''''' !w ,ho> 
"I.,"", ' .... '""'''''~ ,I", ",,,,,,,', r,io' ",~I J.,,,,,w,")" h"" ...... I», ... .:I ",.pOI: ...... fro", 

,I", "",'"r',, ,Moor "'1" ...... 1 ho> d.-nl·,' ..... ",...'" h)' """""!" r-m.~, tho-­
",,.',. ,.~ .... , ........ ,\h an 1/.""'"' ....... , .\ ~I' 'l1U,,"",,,'I;"n " ,to., rombnoPd .... , 
"f !r.",,,,.I,,,,'l\ • ""'''''''' of pN'kuLu 'yp' b) ,I><, ~h.r.' "",I ,...... ,' ;n~ " .",Iy 
fhi", II .. ...,,, .. , 'lh"", nL"Y 00 IIUc .hAu ... n. ,,--qu ... ~ ou",'~"d'u~. h,",~'"" 
"1\0'10 '''lu,,,,, "'1u"" a ..... po<»<' to ",tup"'. A Vau",,", "'n, 11w ... L.,,~ lior.i, un 
II", u~" , I",r uf "Ill", ... ,,,,,,,," '" )""I/.T"" for. "n~", ...... !On 

f .... h ~f' ""'''''''a" ' ..... ta"" ~ ""'ltte","" <>f ny ..... 1<Pr<"fllcnt;og ,I,.. ,,"" 0( 1 ho-­
n~, II,~ t)l"'. tl.< '''It 1"4'''-:';'''' LJ), oo,",,<>l r",ld. ""~,d'"5 '" 'h~ '''~'" 
... ". ')'I"'" "nd ~ I, I F ~ ""."'!"'! I"'}'~W.! \1 .... 1 T ' '''"'''''lIe< ..... ,,'ain ~ ~t- b;, 
" ",I~,...J " ,' .~ ... , CKlk; ! nJ. u..,1 ~, ,1L. d",,,, to ~j,'Ht~v ,~e ",""en' f. lo" "', 
11 ,~ .. """ 1 ~ " ,.' I ... , fil~ """"",,,1 hv tho d ;.·", t'.",,)o fiI~ 'H I be filo 'Y" '-'" 
.... ,,','<1 ~) ',U' I,t,,,,,y I,,,. A" ., ..... ,,,,,«>.1 d." ""'" c~'k,1 Q,,/ u'"-"<l w ""'quclv 
.Je",l f)' It '" lt,e m •• "torn 

~I:" "'e"aR" I) p" 
,,,,,,1 .. 11 

"",10 

.'., ..... 
fl ... , 1! 
H"~tI. 
...-.. I~ 

O\"'n c,..,.", 
"",,, 
.. • il" 
d~nk 

, .. ""o~~ .". ..... I ~' 

l)r.<o "P' ,,>II 
1.1:."'01111;;; 'ht-, ... ;;1<1" <iT II .. l'~J'",-,-,I8nJ inrl~ 
,I .. ",.",,,,tL,,,, ItL ......... '· ,,>< ,I." .. .,"", .. p'~p", e.1 

1011"".)10> 

""'I ... " ..... 1"' II "-"S'" tn ""'~b!J..h "~to ~u'l"'n· 
1j.r~,Ivn!io! , ... '<I~. I! '"~ a" ... 1o "-0;0 
",J .. u, .... Ih." ~ ""I"'"'" p·'''~.1 fAiIo:<l a"ll 
'I .... 'h<o<; t~. ", __ , 1 • ..- rhe 1&,1".-.-
..t.ofl. ftll ,,,,,",,,,,,,,1."1: "--'lt~"" 
,u"",I'" ~ ...... """_ 'b tl>o> "'"'' '' 
'"",...". ,I .. ..,..., .... 10 <n.'W' II .. "",.,..,t r,1P ___ 

{I, .... .1 "'"h" r~t _1IIi a ~'" 
"' ....... ~ ~ ... ' G;,. 
, .... 1> I,un, I ~~ 
.. n"",, '" ft 6 .. 
f . ..... M M l~ '" ron I~.,f ,."~k.l 
d.'I0, ... IO~ 
...... \OO, ... loMtm ... "'" .Io;.t, ~ ~I. 
...w,,,,,, "'b-, .... _ tWo., II><, Hk' 

'n .. ''' ....... ' itnplm .... "A'_ of tt ~ .""""" ..... bI" .. y ""d g p d .. n1 coc!to b 
,1>0> " I'l' I.<IJLco ... "h 201\ ,,( 100.<\1 ....... mrmot' .... ,lu> SPI ,h ... a.., ,n, _",pit-



"f><IC" ft>< Ust, t<><\tl, The ,"""IIIl"'O "UIO",,' of oorout ill" ,unninS; 00 •• ingl. 
SPU h"" been limited to 8 to allow [ex a ll'l¥~ff """k a nd ,h". m"", uo<r_oode 
,'",inhieo, The oi .. of tl ,. """'k usOO Ly OOroUtillbS , ..... '..Jer,n"" ' .. lid 'Wl """Y 
bot"..,n oorotl\in", "'Ilnin~ on the ... me SPU, 

In the ~,~ PItl!7aIllllllug IIlOd<I the ..,"", runs Oil th< PPU and cl;'nt... 
run on , .. SPU. Client... 00""'"<' 91' n_"" in ,lit' Io<:tl "ore <OJld .. nd "''''ifi ­
oAtion. to 'll< I'PU vi .. 'he mal lbo>: rommunklOtklll ohannel. The rpu ""';"',," 
,I,e ","""",os "I" OMA, porft><"'" the ope,"'io" and """cis ood the """""'_ 
to ' ho !IIIn'" local store butfur of 'ho mittln"'i"" ""1" ,,"1. Th< PPU notih .. ,h. 
SPlJ via , ij(nWs. 

A . imp", "Ptimi""ioll .. ",."j to imi>">"" perform .. """ of 'he "p""i:ol ._ 
wl"'n 'he file " m main meIl'lOt)l: ill 'hi> cAS< 'b" Qid of 'h~ file '0 . -bleh 
tlw 01",rHtion ref"", i. ~ ..... in' . ' to . fl O-- d"""iptk>:1 &t""Wre. Th" . I, lIdure 
rontoi,,,, Inl",mation ~t>ou, ,he file ,i.., ~lId i ... D'eroory location (the file; .re 
ro""gu()U,i)' _tore<! in memory). Tit .. imp""'e5 ;:>et'forlnat>Ce by .llowin~ mono 
",Iorn""ioll [0 "'" It"nslelTf<i I" & . i,'-8k \).\IA ,hall the n",-,imu", ~11""'-'<1 I>y 
,he 91' prot<>Wl impJe'nell'~t;"n. !Wad ~"d w'i'~ oper.t;"n" '" ltl-by'e--.-,Jll"",, 
bu/fu", 01 fil .. mAri<M "" in.molnory !lChed~i< ~ DMA d iroctly by""""in.g 'b~ 9P 
wococol, tllU. funlJe' illlprovin.g "",r""nru"-,,, 

Corout i".,....., implemellted 'hl'OlJgh ,he lib,ary c~lI. of the (;.oIIFS. lihrary 
11,1te """, ood" call. & 'M.lne in",h-in!: D~IA t.o '" lrom ,~e PPU th~ lihrary 
!lCh<o<lu"" .Iw O~!A . "" ...... th~ reVs\.~ 01 'he call.., oorouti"", ..... to" .. ,be 
",~",rS 01 'he neX! <orouU"" and jumps 10 Its PC. II th.", is "0 cotollti"" 
", .. il' "& ,be Ii!>rary bl.-.,," un'iI i, """,i_. notific.''''''' th"" a D~IA io cornpl<,~, 
0' ~ .i~"nl notification /or" ~u .. [ fron, tlte PP\) . 

6 P er forma nce 

III ord., to emlu~" the "",rorm""ce- of ,I", propoo;ol p'ogl3mming model, W~ 
"",'''00 ,""-> benchlna,ko. W~ run tlJ~I " on 3 C<-II L""-le ,y,tc", lbM ""'\.3'oed 
\"'0 3.2CH. C<tll p r""""""",. W. didn't h~..., """"'"' to a bl",!" With 1l1J ~.T LIl 
""[UP, 

Tho first b.mchnwk ,.,.;l.S ,he ""'Oll<lI"y band,,'idth that C3B be ""hi • ....-I. TIw 
SP\) p'og'~m 0\><"" ~ 128MB file ""rod on the Uni~ file .y.tcm. then O"'at"" 
a I,umer of comut'''''''. ""rh of wh;': h ,.oJ/; 16777216 8K bko<ks ftom th~ fi"," 
,,",, m"n'ione<I in the p""vio"" """,ion, ' ho "'sui", Unix fll .. "'" mm"","cd when 
""c"-"""'<'i lrom the SPlJ. ,., aft~, ttle 1nitlal f>'II>" laults thnt btillfl: U", fi le ro"!en' 
to the "'.,,,,,,y. re...-ling from tho file is eqllh'll.iellt '0 ~ill ~ ''''' maiB memory 
We "",ed the p'<>g"'UI ,u""i''8 0" diff",e", tlU"."'" of SPU. ~"d C'orOOlines 
We ..Jso impk,,"'llted ... imp" SPU provam tru" im pi<ments 'he romen'ionw 
double buffering method of ",...-ling: 16777216 (multipl;..\ by t-..Ql BK bio<ks via 
DMA. 

Tab!e 3.how. tho ,""ult. 01 runnirlf;: tho I1>eroory ba"dwldth be"dlln...-k. The 
pcrlo<mall(;~ in bolh ..- ill oon,po.rable. Tbe mem",y oolld"'it" "'" ""hi~ is 
muoil \"..-., th&ll tll< 'hoo""ic 204,8 GIl/s, We 1><1;""-. thAl the main .......on fIX 



I'~b'r J- ~Ie",,,,)" Fbn't~1\h (in CU!_) r, .. ,'1lri""" nnmt><-r. 0/ ""il'" SI'I'. And 
(;"",, .tmc~ 

rh,' .. '<,>!OJ '-"""n"""~ .. a "lO<1ifi,'~"('" of II,e IB .I t "V'i", ;"",1 ",at". "101-
,jplio-~'lo" ~-or~:~_ We idl ,1", "I"""i,,<.1 fu""""" \la tl,,1L\bM ti"d ~13" 
~ laU.hM in''''''. chanKilOg onl)' Ihe logic 'hM ",.><is end .. , it .... ,t,. b"'l<.;, In­
>lead e>f w.!ng dOl'" ri,,,,,,, h ,"" ionp:en"''''a'Mm u..." ''''-' ruro~tJn", Ih>., e~cb 
, .. k""',-,,, 1041f <>f .he hl,"'~' 1.'"g",'<.1 V> 'he Sf'l" The ;"i l i~1 J",., ~r ,lot A tor"'! 
fl mu"",,, ;. '''''''';n r.~"l ., ~'n,x r,:"" "nd the "",nIt e>f II .• ml<ltiplica\ioo .. 
• ..., oto",1 I" ~ .~g" l "r ~k- I" ",,1<- 10 hA,e r",. """1'''';',.-", ... ,' ,,,,-,,litled tl ,~ 
.>rlt;in.,1 ma,rIX ",,,I,jpiLo,,tion plOgr.", to ""d ,h~ CO',,,,,,, of .-\ alld B from ,;-.., 
"",,'" fi..." IT,,,",,,I of g~'",""\"'~ il "" II", ny 

T~b!e _l rj",,, '0 ru" HID) ",,,j"f-'htat~~ ... " ,~" ~l ~x,,>j 2 •• n,;I~ H""t;,,~ po;,,' 

"'"""'.,, 

I-'"l~ ~ .1",,,",, ,he """I" of ru"nit.~ th~ Of;,m~l nnJ U.., ,nud;rot-d mpphc .. 
,",,,,- Thoro", noo," ~>O".{, P0",,]'; (II "";n~ "'" modi~ed awli,,"';n" 

7 Conclusions a mi future work 

W,· bh\-•• ""-<fi'-"'<I n ""ni"'<~'" ," rW«'''''''''"~ l1l<"Klol reor t I:~ CeHIlL "<>I"l'nln 
Md,;,,,,,,",,, ~,,.j ,he lim"""" ,upyon.illg" OUT model ,,,n .. nt ~!.:,iM;"~ d., 
C<1I p">o>:,-"",,,,,,r from ex pl;<I,ly 



One u,",xpect.OO loc&fil fron, 011' prot",,,,mln& Il'IO<I< I is II ,M ltt<- ~..,Iop­

me"land ""'ti~ c),<ic. can be comp).,,«l on My computer . in"" the """,.,.- and 
clien' libr~,ie< hid. Ihe ..,.-,.:if"" of 'ho Cdl ~,ch;l""tu",. IIt..o, "" Io,,~,., IDe 
coroutine ~nd SPU liP cliellt lib,,,,,",, a~ port<>:! 0< ~tubbod to an OS, ou, pn.>­
"amming ">OOe1 ill ~Iso OS-ind"l'<'",li",t Th~ oHly thl", a prog,~,n"'~, ""'-'<I, 
to "'"Orr)' " bout i. tbe reqlli~ment th3' cod¢ fil> In\o the local .Io~ or ' hp r:~11 
SPU. 

Ou, p!'OI:'amming mo~l e,'" be e,unded furlher by plm' idilLg file ""'''''''' 
for O1h~' ,,""'",,''''' .uch "" net""",," or .pedolr.ed han:h"a",. A. pari or the 
XCPU 1&\ eh"'I'" ma"sg~n""1 ""i,e, ou, lib,,,, ... 31""., fo' Wlrt i"g ~ new pro­
S'3ffi on a "-,!,,,;mte SP U (not n=..orlly 10<,,1"'; on to. .... ''''-' ~Il). 'h"" pro­
¥;di"~ ex'~,",ibll ity and workfloW' Ill8n,,&emen' itt & h.-teroge' ..... '" ""yi"""''''lIt . 

Unfortunl>tely ou' II>CIdeI .. n'" witoollt d, .. wbacko. 0..., or 'hooe is lh~ ,hi>! 
tM S....,.. or II", corontlne CM he ~ulle !liege. limi,lng the 'M .... imun, "umb<, 
of corou,ine; (""d thus bandwidth at~nsL).,) on a ,,;ugle SP\.!. For eX!Llllple. 
If t.he SI'U ,,"'"'" '"""h~"ism is ,""-'<I by the PfOVRm '''''Ding <>t1 ,I", SPU the 
"ad ,oe<do to be at I< ... t 8Kb),te!I. AI>otMr drawlmck ill tluot 'h~ di~nt librs!), 
"''lures non-.o", Ii" .. for . ",· i!.ching bel ... """ OOI"O<'tl" .. "",j for ro""'rud in, 
~.-.d rl«:vn.troctillg 91' m--. Th.,re ill rtelinite room for optimiza'.'" in 
tngt . "-"1, 

f\" "'" "",,1<-. Im proving thi' P"-'St'3'""' in, mOO.1 is all"...I"& r", uire<t com­
munication btt ..... " ~I'U> withou, tbe i",'01""ment of tho I'PU . Somethln~ that 
the Cell 3r<hited"", kllows, hUl .. oUr"'n,ly ,00\ e.vloitoo by ou, lihra,;". We 
aloo plan to pa<t pMt orth~ clt.n, librMY to 'he PPII "lid allow user rod< to b< 
run t Joere For ,,.. k:s ""C~ .. con,rolling Md syndu'on'.;atio" bot"""" the dif\"erNJ< 
SI'U>, I'o"ot. , h ... thill iII.,iII ""h., ,,,hle with the CU'''-'H' impl"""-'n'3tion. bH' 
requl,,,,, tt.al a coroulin' 'm WI SPU ;. d«licaW to th.t took. 

W" also ~"'nt to I ntegr~te '''''''' fully wl'h th~ Xcpu CI ... "" ~t~n"S"m"n' 
Suito, which ..00 utilizes lhe ... "", fil/.'-"""'-'d "W""",h to 6h"';"1 rCSOU"~. 80 we 
eM It"", a complete top-to-bottom "lOCk for tho ne w hote,o;;eoooH. romput.", 
ouch >II! R<>ItdHu"ner current ly bens built al LAl'L. 
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